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PRESIDENT WRITES

Thetopic of thisissue isaproblem commonly seen
in al age groups and in different socioeconomic
strata. In high socioeconomic strata the formation
of stones occurs in the upper urinary system; and
in lower economic strata it occurs in the lower
urinary system.

Dear Fellows and Members,

F

In short, it enunciates that there is a likelihood of

nutrition being involved as an etiological factor. A lot of work has gone
into the etiology of urolithiasis, still more work is needed to be done
towardsunraveling the etiology of thisdisease; thiswill helpindesigning
prevention strategies.

Our annual convention istaking place at Chandigargh. | am sureall of us
will have a good meeting at Chandigargh.

{ Tega?

Dr. K. Jagadeesan
President, IMSA

& IMSA/ JIMSA WEBSITE

.msaonline.com
WWW.|imsaonline.com

All fellows and members of IMSA can have access to the site and get information about
its objectives, benefits to the fellows/members, chapters and their activities including
seminars, refresher courses, rural CME;s etc. and also IMSACON - aregular annual
event of international standard; application form for enrollment as fellow/member can
also be downloaded. Fellows - members and even not fellows - members can have access
to full text in the quarterly journal - jimsa from July - Sept. 2003 onwards by putting
their E-mail address under ‘user name' and using the password ‘UserJimsa'.
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Appeal by Vice-President IMSA

; :
Dr. P Narasmha Rao Dr. R.R.Thukral
Ex. Presidert, IMSAWorld H.Q. \ice President IMSAWorld H.Q.
Dear Fellowsand Members
You are aware late Dr. P. Narasimha Rao, an international figureboth in academic and teaching had been the President of thisprestigious organization for
more than a decade from 1990 to 2002. He was President of Medical Council of India and Vice Chancellor of various Universities. He had to his credit
several outstanding contributionsto the medical fraternity till hisdeath . He had been in close association with IMSA since its very inception in 1981.
The Academy has flourished tremendously during his tenureasPresident . Keeping in view his status, servicesrendered tothe mankind and on theinsistence
of senior Fellows, the Academy has established an International Award in his honour named ‘Dr. Pinnamaneni Narasimha Rao International Award’, on
thelines of Dr.B.C. Roy National Award. Substantial funds are needed for this pestigious award. Initially, the family of Dr. P. Narasimha Rao has contributed
a fair amount of money and hasalso assured to contribute more.
| appeal to all our Fellows and Members to contribute generously for this noblecausein the memory of thisdedicated acadamecian - Dr. P. Narasimha Rao.
A separate account has been opened for this Award.

(R.R.Thukral)

. J
( . N\
IMSA Chapter Activities
Tamil Nadu Chapter Delhi Chapter
12.7.09 Dr. Sivagadatcham: Management of Congestive Cardiac Failure & Hypertension.  26.9.09 Problem of adolescent girls symposia organized by
9.8.09 Prof. P. Sekar: Diagnosis and Management of Pyrexia of Unknown Drigin. Delhi Chapter of IMSA & Moolchand Medcity
13.9.09 Dr. R. Ramnarayan : Recent Treants in the management of chronic pain. Participants were:
Sub Chapter Annamalainagar Dr.S Mehra, Dr. M. Hotchandani
10.7.09 Dr. Ms N. Amudhavalli: Physical aspects of mammography and case demonstration. Dr. Y. Junegja, Dr.l. Khatri,
10.7.09 Dr. Sethurjan: Clinical aspects of mammography Dr. S Kala,
. J
Election of Felows and Members ( July-Sept 2009)
Fellows Dr. Robin Kaushik,Chandigarh Dr. Prasanta Raghab Mohapatra, Orissa
Dr. Rajiv Kumar, Aligarh UP Dr. Uma Nahar Saikia,Chandigarh
Dr. Chandan Kumar Gho_sh,Gurgaon Dr. Jeet Ram Kashyap, Chandigarh Dr. RV.SN. Sarma , Tiruvallur (TN)
Dr. K.K. Handa,New Delhi A 3 : . ;
; . Dr. Monica Gupta, Chandigarh Dr. Savita Verma Attri , Chandigarh
Dr. Sunil Sharma, New Delhi : 5 . "
; Dr. Naveen Krishan Goel ,Ghaziabad UP Dr.Ashwani Kumar Dalal, Chandigarh
Dr. Adarsh Kumar, Amristar 2 -
" . Dr. Atul Sachdev,Chandigarh Dr.Usha Dalal, Chandigarh
Dr. Ravi Kumar Khetrapal, New Delhi " . :
D X Dr. Vinod Kumar Sharma ,Delhi Dr. Amar Singh, Haryana
r. Mary lype, Trivandrum il | Delhi ’ .
Dr. Mohan J. Tamil Nadu (7, STl e, 7 Dr R.S. Parmar , (Ropar) Punjab
Dr. Vandana Kent, New Dethi Dr. Tetsuya Hirano, Japan Members
Dr. Laljee Kent New Delhi Dr. Permeshwar Swarup Saharia, Delhi Dr. Parikshat Gopal , New Delhi
Dr. Ashok Chacko, Tamil Nadu Dr,. Rajeev Sharma , Chandigarh Dr. Arti Nigam, New Delhi
Dr. Aman Makhija,Delhi Dr. Neeraj Kumar, Chandigarh Dr. Ashish Kishore Saxena, Amritsar
: 0 LI, . q Dr. Amitava Chakrabarti , Chandigarh Dr. Rahul Anand, Delhi
Dr. Chaniyil Krishnan Sasidharan, Calicut h s i § ’ .
Dr. Paramoo Sugathan,Calicut Dr. Kanchan Kumar Sarkar, West Bengal Dr. Sanjay Kumar Sharma, Noida (UP)
! - Dr. Lakesh Kumar Anand , Chandigarh Dr. Manish Gupta, Banur (PB)
Dr. Rakesh Kumar Gorea, Punjab 9 K N 2
] : Dr. Sumeeta Khurana, Chandigarh Dr. Sanjeev Bhatia, Chandigarh
Dr. Inderpal Singh Kochar , Noida S A . .
Dr. D. Ashok Kumar,Chennai Dr. Debasish Hota, Orissa ' Dr. D. Nehru, Thruchi (Chennai)
3 ! N Dr. Anish Bhattacharya, Chandigarh Dr. C. Amarnath, Chennai
Dr. A. Swaminathan ,Madurai 3 &
; " Dr. Sunandan Sood, Chandigarh Associate Members
Dr. Neeraj Nagpal, Chandigarh 5 o > . e
b Dr. Pradip Kumar Saha, Chandigarh (till these doctors complete their qualifications)
Dr. Kamna Nagpal, Chandigarh : . .
5% @ll. B Lo ST el Dr. Sangeeta Bhanwra ,Chandigarh Dr. Manoj Gaur , Delhi
. - Raj ? g Dr. Baijayantimala Mishra ,Chandigarh Dr. Kapil Dev Mohindra, UP

Dr. Sanjay Lohat,Chandigarh
Dr. Rajesh Kumar Bansiwal , Chandigarh

HONOUR

Dr. PD. Gulati, FIMSA, has been awarded the “MASTER TEACHER 2009 award, by the Association of Physicians of India and Indian College
of Physicians, in recogonition of his Outstanding Teaching Capabilities.

Dr. Neelam Taneja ,Chandigarh

Suggestions to Enhance Image of Medical Profession and Improve Doctor-Patient Relationship

President, VicePresident and Trusteesof IMSA have stressed that IMSA must engageitself inenhancing the imageof Medical Professon by organizing seminars/conferences
onvarious issues relating to medical profession, medico legal, patient—doctor relationship protocol of drug trials and research etc. It wasalso desired that suggestions be
invited fromall fellowsand members, for improving relationship among doctorsand patients The Fellowsand Members are, therefore, requested to send their suggestions &
ways and meansto IMSA World Headquarter at New Delhi, for enhancing image of medical professon and improving doctor — patient relationship.

Secretary General, IMSA

Change in Address
If the address of any Fellow/Member of IMSA has been changed , he may please intimate his latest address to IMSA, WHQ, New Delhi for future communication.
Dr.R.R.Thukral, Vice - President IMSAWHQ
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FROM EDITOR’'S DESK
Dear collaegues

Thespeciality of Urology hasevolved into aless surgical and more cognitive discipline.
Indeed, much of Urology that is practised today involves non-or mini-operative patient care.
This is specialy true of Urolithaisis which is a third common kidney disease encountered in
clinical practice. Technological advancements have, perhaps, brought the biggest benefit to
thefield of Urology by way of prompt diagnosis, recognition of risk factors, early therapeutic
intervention, effective preventive stratagies and aggressive management wherever necessary.
These have led to least morbidity in kidney stone disease. India has a high incidence of kidney
stones, specialy in states of Jammu & Kashmir, Punjab, Delhi, Rajasthan, Madhya Pradesh,
Gujarat (Stone belt) : data regarding prevalence in population are not available; however, in a
tertiary care urological centre, renal stones account for more than 40% of all admissions.

This special issueon “Uralithaisis: Current Perspective’ has been compiled and edited

by Prof. N.P.Singh who isthe head of Nephrology section at Maulana Azad Medical College,
New Delhi. He deserves full appreciation and felicitation for an excellent planning, selecting
expertsfor thetopicsand editing the various articles so asto make thisissueinto acomprehensive
monogram. |, heartily, congratulate Dr.N.P.Singh for accomplishing this gigantic task. | am
confident, the readers of IMSA will benefit from this publication and will most certainly like
to keep a copy for their personal reference. | take this opportunity to personally thank
Prof.N.P.Singh and his team members for their valuable contributions.

I must acknowledge, with gratitude, the financial assistance provided by various
pharmaceutical firms without which this publication would not have been possible.

P. D. Gulati

(/ JIMSA BEST PUBLISHED ARTICLE AWARDS 2008 - Declared )

Thefollowing articles have been sdlected for the“ JIM SA Best Published ArticleAward 2008” as per ranking

given below:

1% Best Article Award : “Efficacy of Herbal Medication for Echancing the Breast and Teatsin Female
Widar Rats’ RKarunanidhi, V.Pugalendi, TMR Paniker, K.Jagadeesan,
M.Paul Koraoth.

24 Best ArticdleAward : “MRI Changesin Compressive Myelopathy in Fluorosis— Sudy of 18 cases
from North West India” . Ashok Panagariya , Ravindra Sngh, Paresh Sukhani,
Bhawna Sharma.

39Best ArtidleAward : “Preoper ative Evaluation of Colorectal Carcinoma by Computed Tomography”
Rajul Rastogi , Satish Kumar Bhargava, Satish Kachhawa.

Each award consistsof amedal, citation and cash prize: theawardeeswill receivetheaward at theforthcoming

IMSACON 2009 at Chandigarh on 24" & 25" October 2009 (contact urgently Dr.H.K.Chopra, Secretary
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OUR GUEST EDITOR

Dr. Narinder Pal Singh iscurrently working as Professor of Medicineand In-charge of Nephrology at Maulana
Azad Medica College & associated Lok Nayak Hospital, Delhi. He is an excellent clinician, researcher and
postgraduate teacher and has over 120 publications, 20 chaptersin different books, and has edited a book on
poisoning (in press).

Prof. N.P.Singh has been the recapient of several awards and oration, notable amongst them are the State
Award by Delhi Government 2007-08, API Searle Oration, Dr Wig Oration of APl Delhi State Chapter,
Shurvir Singh Visiting Professorship, WHO fellowship on epidemiology & biostatistics, Smt. Pawan Kumari
Jain Oration Considering his academic achievements, he has been awarded fellowships of the Indian College
of Physicians of Indian Society of Nephrology, International Medical Science Academy and Indian Academy
of Clinica Medicine. He has recently finished his MBA in Hedlth Care from FMS, Delhi University.

He has been involved in the scientific deliberations of APICONS, for several of earth and has been and on
various committees of the APICON held at Delhi. He has been appointed peer reviewer for some of the
national & International fames the American Journa of Kidney Diseases, Haemodialysis International, JAPI,
JACM and is presently on National Advisory Board of JAP& JACM.

Dr. Narinder Pal Singh ~ He hold important position in some of the presitgious Scientific bodies such as Governing Body member of
API(2008-11),Executive Member Delhi Medical Council , Joint Editor JAP! , Secretary of Delhi Nephrology
Society served as Joint Secretary of the API-Delhi chapter. Member of International Society of Nephrology
and European Rena Association & is, President and Secretary of the Faculty Association & Secretary of the
Ethics Committee of MAM College. Dr. N.P. Singh has been actively involved in the public awarness
programmes; has been Organing Kidney disease detection camps periodicaly, at the community level.

EDITORIAL

RENAL STONE DISEASE - AN INDIAN PERSPECTIVE

Nephrolithiasis (from Greek nephraos, “kidney” and lithos, “stone”) refersto the condition of having kidney stones. The existence of kidney
stones has been recorded since the beginning of civilization, and lithotomy for the removal of stonesis one of the earliest known surgical
procedures. In 1901, a stone was discovered in the pelvis of an ancient Egyptian mummy, and was dated to 4,800 BC. Part of the
Hippocratic oath contains an admonition about the dangers of operating on the bladder for stones.

Rend stone disease is third commonest disorder of urinary tract after urinary tract infection (UTI) and benign prostatic hyperplasia
(BPH). It is more common in aregion of India, called “stone belt”, which runsin the north part of India It is generaly believed that risk
of developing nephrolithiasisin normal adultsislower in Asia (1-5%) compared to the figures for Europe (5-9%) and United States (13%).
According to estimates from Western cohorts, males are two to four times morelikely to be afflicted with kidney stone diseasethan females.
Theincidence of kidney stones peaks around 40-60 years agein males and around late 20sin females’. The studies ng composition
of rena stones suggest that renal stone diseasein Indiais probably different from other nations. Whether thisisrelated to our environmental
and/or genetic factors will be interesting to see.

Renal calculi formation is a relatively complex process and involves an interplay of various physiochemical and anatomical factors. The
predisposition to urolithiasisin all these conditions are a so contributed by the intricate anatomica structure and complex development of
the urogenital system. The article Mishra et a briefly describes the gross anatomical structure and the development of the urinary tract
and various congenital anomalieswhich can lead to obstructive uropathy thereby leading to urinary stasis and higher chances of urolithiasis.
Urinary organs develop from intermediate mesenchyme.

Kidney stones may form when the norma balance of water, sats, minerals, and other substances found in urine changes. There are severa
types of kidney stones based on the type of crystals of which they consist. The mgjority are calcium oxalate stones, followed by calcium
phosphate stones®. One of the most common factors in the formation of kidney stones happens to be heriditary. Urinary tract infections,
kidney diseases and metabolic disorders such as hyperparathyroidism are aso known to increase the chances of a person developing a
stone. Aggarwal SK in his article reviewed the various etiopathogenetic factors for development of nephrolithiasis.

Symptoms of kidney stones are many, the most obvious and often spoken about, is the severe sharp kidney pain in the flank or side that are
accompanied with fever, nausea, and even mental confusion. Other people pass kidney stones and only find out when an x-ray or a urine
specimen reveals them. Some experience microhematuria (microscopic blood in urine) gross hematuria, or even granular specks when
urinating. Pain, infection, or hematuriaisclassical triad of symptoms reported by patientswith renal stone disease®. Dramatic costovertebral
angle tenderness is common; this pain can move to the upper or lower abdominal quadrant as a ureteral stone migrates distally
Radiological investigations play akey role in diagnostic work up of uralithiasis which has been discussed in detail by. Sapna Singh in her
article. While conventiond investigations like X ray KUB, USG and IVP are till considered essentid for diagnosis, newer modalities like
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( CT Urography and MR Urography have increased the sensitivity and specificity of diagnostic work up. )
Kara OP et a highlighted the importance of medica management in trestment of urolithiasis. Variety of medical treatments can prevent
recurrence of stones® About 90% of stones 4 mm or lessin size usualy will pass spontaneoudly, however 99% of stoneslarger than 6 mm
will require some form of intervention. There are various measures that can be used to encourage the passage of a stone. These can include
increased hydration, medication for treating infection and reducing pain, and diuretics to encourage urine flow and prevent further stone
formation. A detailed diagnostic work up is essential and prerequisite for medical management Dietary modifications like high fluid intake
and Animal protein restriction are essentia for any type of stone disease. Specific modalities like Potassium citrate, thiazide diuretics,
alopurinol and treatment of infections might help in preventing recurrent stone disease in specific Situations.

Surgery is necessary when the pain is persistent and severe, in rend failure and when there is a kidney infection. It may aso be advisable
if the stone fails to pass or move after 30 days. In most of these cases, non-invasive extracorporeal shock wave lithotripsy (ESWL) will be
used. Otherwise some form of invasive procedure is required; with approaches including ureteroscopic fragmentation (or smple basket
extraction if feasible) using laser, ultrasonic or mechanical (pneumatic, shock-wave) forms of energy to fragment the larger stones. In recent
years, asclinical experience with ESWL revealed its limitations, the role of PCNL for treating urolithiasis was redefined. According to the
literature reviewed by. Anil varshney and associates PCNL should be the first line treatment of large or multiple kidney stones, and stones
in the inferior calyx.® Furthermore, improvements in instruments (i.e. ureteroscopes) as well as lithotripsy technology (i.e. ultrasound /
pneumatic devices, Holmium-YAG-L aser) increased the efficacy of percutaneous stone disintegration yielding stone free rates of >90%.
Pediatric urolithiasis is endemic in developing countries including India. An underlying metabolic disorder is the cause in about haf of
children, infection being the causein the other half. In Uttar Pradesh, parts of Gujrat and Maharashtra, vesical calculi are very frequent. The
mean age of presentation is 6.9 years for girls and 5.2 years for boys. Infected stones generally present early before 4 years of age.
Recurrence rates range from 3.6% to 68% and is the highest for children with metabolic risk factors.”® . Aggarwal et a have laid out more
focussed approach for treatment of urolithiasis in paediatric age group.

Although Medica and surgical management constitutes the cornerstone of treatment of nephralithiasis, in India, aternative and
complimentary systems provide many opportunities and claims for cure for this recurring disease. Review of literature by Saxena et a
highlights some of the important remedies in alternative system which many patients resort to escape surgery.

I would like to complement JMSA for bringing out a dedicated issue on nephralithiasis.
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EPIDEMIOLOGY OF KIDNEY STONES

N. P. Singh,*Vinay Saini
Professor of Medicine, * Research Associate, Maulana Azad Medical College,
Associated Lok Nayak & G.B. Pant Hospital, New Delhi-110002, India

Abgract : Urdlithiagsisa common condition with Sgnificant morbidity and if not treated is one of the common causes of Chronic Kideny disease.
Prevalence of this condition varieswith geographical location and is showing a rising trend in past two decades. Male subjectsin their 3-4" Decade
aremorelikely to suffer more so during summer mothsdueto loss of fluid fromextra renal sources. Calcium oxalate stones are the commonest. Diet,
inadequate fluid intake, genetic factors, systemic and metabolic factors like diabetes mellitus constitutes risk factorsfor kidney stones. Left untreated
it can be of immense economic burden; hence prompt recognition and treatment is warranted.

BACKGROUND

Urinary tract stone disease is a common condition with significant
morbidity. Depending on the location of calculusin the urinary tract
there are three distinct subgroups of urolithiasis; nephrolithiasis,
ureterolithiasisand vesicolithiasis. Whileincidence of bladder calculi
isdecreasing, primarily dueto increasing living standardsitis till a
common entity in societieswith low per capitaincome. Many tropical
countries, including India, till recently festured prominently in the
‘endemic bladder stone belt’. With changing dietary patterns and
living standards there has been an increase in incidence of upper
urinary tract stone diseaseincluding nephrolithiasis'. Epidemiological
studies on kidney stone disease can enable usto quantify the disease
burden and to formul ate strategiesto lower itsincidence. The present
article discusses some epidemiological aspects of nephrolithiasisin
adult population.

INCIDENCE AND PREVALENCE OF
KIDNEY STONE DISEASE

There is no population based data on incidence and prevalence of
kidney stonesin India. However, itsisgeneraly believed that risk of
developing nephrolithiasis in normal adultsis lower in Asia (1-5%)
compared to thefiguresfor Europe (5-9%) and United States (13%)?.
In a large population based study in United States, subjects with
Asian descent had an intermediate preval ence of kidney stonedisease
(3.42%), Caucasians (5.78%) and Afro-Americans (2.95%)°. There
has been a global trend of increasing prevalence of kidney stone
disease over the past few decades. Whether this represents an actual
increase or improved detection of stones is debatable?. A hospital
based study from North India analyzing the stone composition of
urinary tract stones demonstrated that, over a 20 year period, the
proportion of upper urinary tract stonesincreased from 69% to 91%°.

AGE AND SEX DIFFERENCE

According to estimates from Western cohorts, males are two to four
times more likely to be afflicted with kidney stone disease than
females’. The incidence of kidney stones peaks around 40-60 years
in males and around late 20s in females*. The only hospital based
study from India which comments on age and sex distribution of
upper urinary tract stoneshowever dsoincluded childreninthestudy
population and did not give an age group wise breakdown of stone
incidence. Nevertheless, they found that the mean age for stone
formers was around 30 years (range 3-78 years) and males were
twice more likely to have stones than femaes’. The lower risk of
stoneformation in femalesisbelieved to be dueto a protective effect

of estrogen. This is further corroborated by studies which have
demonstrated that estrogen supplementation in post menopausal
females could decrease stone incidence®. The only study from India
evauating the influence of sex (males vs. reproductive females vs.
menopausa females) in risk of urolithiasis demonstrated similar
results’.

SEASONAL VARIATION

It is now generaly believed that subjects in hotter climates have a
greater predisposition for kidney stone formation®. Formation of a
concentrated, acidic urine and increased vitamin D production are
the two principal factors believed to be contributing to this
observation. In apopulation based study in United States, southern
stateswhich were closer to equator had ahigher prevalence of kidney
stones than the cold northern states after adjusting for other
covariates®. A study in slum population of Mumbai failed to
demonstrate any seasonal variation in recurrent stone formerswhich
were presumed to have an underlying metabolic problem™, Thiscould
be related to the absence of extreme temperature fluctuations in
Mumbai climate or the preponderance of cacium stones as upper
urinary tract stones. A study from Western Australia also did not
demonstrate any seasond variation in incidence of calcium stones
though they did find significant seasonal differencesin incidence of
uric acid and infection stones". However, studies from Rajasthan
demonstrated a higher prevalence of urinary calculus disease there
as compared to other parts of India®.

COMPOSITION OF KIDNEY STONES

Many hospital based studies have assessed composition of upper
urinary tract slonesin Indian popul ation***°. Thelatest study anayzed
1,050 upper urinary tract calculi (900 rena and 150 ureteric) by X
ray diffraction’. Calcium oxalate (CaOx) constituted 93% of all
stones; in 80% of these it was in the monohydrate form (COM,
whewellite) and in remaining 20% in the dihydrate form (COD,
weddelite). While calcium oxal ate stones are the commonest stones
even in the Western population, the distribution of COM and COD
stones is amost even. Thisisin contrast to Indian subjects where
majority of CaOx stoneswere COM. The next most common stone
(2.76%) in North Indians was of mixed type containing varying
proportions of CaOx, cacium phosphate (CaP, apatite), uric acid
and magnesium ammonium phosphate (struvite). Pure CaP, struvite
and uric acid stones were found in <2% each. About 20% of 900
renal stones were staghorn calculi with majority (90%) being
composed primarily of CaOx and not struvite asthey arein western
population. Though cystine and insoluble drugs like indinavir can
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precipitate as renal stones none of the existing studies have
demonstrated these stones in adult Indian subjects. By comparison,
in United States cal cium containing stones (CaOx and CaP) congtitute
75-80%, uric acid about 10%, struvite 3-5% and rest are cystine or
mixed stones’.

RISK FACTORS FOR KIDNEY STONE
FORMATION

Many prospective studiesin Western populaions have identified severd
key risk factors for kidney stones. However, prospective sudies on this
agpect arelacking for Indian population. Based on the data from western
cohortsandwherepossible, corroborating evidencefrom Indian population
enables oneto identify risk factors for nephrolithiass.

a)

b)

Diet: The composition of urine is influenced by the diet and
severa dietary factors are known to influence kidney stone
formation. Since calcium stones are the commonest significant
volume of literature has evaluated role of calcium in
nephrolithiasis. Interestingly, a high dietary calcium intake
protectsagainst kidney stones'®. Restricting calcium intakerather
promoteslithiasis'. Thisis believed to be due to upregulation of
oxalate absorption from gut in calcium deficient diet. Evidence
also supports role of protein and sat restriction in preventing
lithiasis*. While excessive protein intake lowers urine pH which
favors crystallization of calcium salts, excess of sodium intake
promotes calcium excretion. Therole of dietary oxalatein stone
formation has not been yet reliably evaluated. Though usually
avoiding oxalate rich foods, like spinach, is advised for these
patients there is no objective data to justify this. The prevailing
notion is that stone formers have increased dietary oxalate
absorption. Some researchers suggest a possible deficiency of
oxalate degrading bacterium, Oxal obacter formigenes, inthe gut
asareason for this. In astudy in North India only 30% of CaOx
stone formers had gut colonized by this bacterium and this
decreased further to only 5.6% in those stone formers with 33
stone recurrences'®. Magnesium complexes with oxalates and
can lower absorption of oxalate from gut. However, whether
magnesium supplementation has any role in preventing kidney
stones is questionable. Vitamin C is aso metabolized to oxdate
in body and taking supplementa Vitamin C has been shown to
increaserisk of stoneformation®. A diet low in potassumisalso
lithogenic®. Thisisbelieved to be dueto increased urine calcium
excretion and lowered urinary citratelevelswhichisalithogenesis
inhibitor.

Only two studies from India have evaluated a possible role of
dietary factors in lithiasis. In one study?*?, stone formers
independent of their affluence had a higher urinary excretion of
calcium and oxalic acid besides also having higher urinary
saturation. However none of the dietary nutrients influenced the
urinary parameters and authors suggested that pathogenesis of
lithiasis may be related to differences in enteric absorption.
Another study?, though had a very small sample size,
demonstrated acorrel ation between dietary calciumlevels, higher
protein intake and urinary calcium excretion in stone formers.
They concluded that limitation of protein intake and normal
calcium intakes could avoid renal stone formation.

Fluids: A urine output of <1L/d significantly increases risk of
rend lithiasis®. Though drinking plenty of ora fluids is known
toreducerisk of renal stones, thereisno consensuson thevolume

©)

d)

e)
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or preferred fluids. Some evidence suggestsadditional protection
againg lithiasis with drinking tea, coffee and wine?. Emerging
evidence also suggests a role of trace elements in promoting
lithiasis, especidly fluorine. In astudy in India, the prevalence
of urolithiasis was nearly 5 times higher in fluoride endemic
areas than non endemic areas™.

Genetics. Every 1in 4 persons with kidney stones has afamily
history of urolithiasis?*. Certain renal stone disorders like
cystinuria, familial renal tubular acidosis and others have aclear
hereditary pattern. These tend to present early in life. However,
possihility of apolygenicinheritanceisbeing evauated to explain
familia tendency for stone formation, especialy CaOx stones.
Polymorphisms in Vitamin D receptor (VDR) genes are also
under study considering the importance of Vitamin D in
maintaining in vivo calcium homeostasis. Preliminary results
from a study from North India suggest that dlélic variationsin
VDR gene may be associated with varied calcium excretion in
nephrolithiasis subjects™.

Systemic disorders. Certain systemic disorders like primary
hyperparathyroidism, gout and Crohn’sdisease havewell known
associ ationswith kidney stones. Increasingly, however many non-
communicable disease risk factors have also been linked with
nephrolithiasis. Increased BMI or waist circumference are now
known to increased risk of lithiasis, especialy in women®. In
the two studies from India assessing influence of diet on rena
lithiasis, stone forming subjects had a higher caloric intake than
their healthy counterpartst?2. In fact one group of authors?,
suggested a possible role of hyperphagy and obesity in rena
stone formation in Indian subjects. Diabetes mellitus has aso
been associated with rena stones. In a prospective study in
Caucasians, women with type 2 DM had a 30-50% higher risk
of having rena stones®”. Similarly, subjects with hypertension
are more likely to have rend stones®. In a cross sectional study
in United States, presence of 32 traits of metabolic syndrome
significantly associated with a self reported history of kidney
stones®. More so, uric acid stones are now being speculated to
be a manifestation of metabolic syndrome®.

M etabolic factors: Subjectswith lithiasishave varied metabolic
abnormalities. Hypercaciuria, hyperoxauria, hyperuricosuria
and hypocitraturia are some of the common metabolic
abnormalities®. However, it isvery difficult to establish adefinite
cut-off value above which the concentration of these substances
can be regarded as abnormal in urine. Many subjects may have
these abnormadlities in urine but remain stone free. This can be
understood by fact that stone formation is not just afunction of
concentration but also crystal solubility and saturation which in
turn depends on many other factors like urine pH, volume and
presenceof crystallizationinhibitorslikecitrates, pyrophosphates
and glycosaminoglycans™. In a study on 181 stone formersin
Indiaonly 50 (27.6%) had hypercalciuria, hyperoxauriaor both®2,
Severd other studies from India have demonstrated a decreased
excretion of crystallization inhibitors in stone formers as
compared to normal subjects®2%,

MORBIDITY AND MORTALITY

Nephrolithiasisisamore of anuisance. Thereissignificant morbidity
associated with this condition. This is primarily due to stone
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recurrence. For idiopathic calcium stones, recurrence rate is 40-50% 6. HughesP: The CAR! guiddines. Kidney stones epidemiology. Nephrology (Carlton) 2007,
1 12 Quppl 1:926-30.
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Wlth_ l_mderlyl ng metabolic abnormality are prqbably hl_gher. stone composition: structural analysis of 1050 upper urinary tract calculi from northern
Significant efforts have been focused over predicting the risk of . L?glla IHF'IJJLSJ;E'hZOOi 1’\2/'112-013\-’ bk O Eiiotosical roeof etrocen Setusin el <

. ) er HJ, Sakhaee K, Moe OW, : Etiological role rogen statusin renal stone
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been devised in past none provides areliable estimate of recurrence. 9. Sarada B, Sayanarayana U: Influence of sex and age in the risk of urolithiasis—a bio-
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itsuseislimited by practical difficulties*. Mortality fromrenal stones o o e o U Nemto 700, 3 orel P
is rare but some forms of renal lithiasis associated with systemic 1. Baker PW, Coyle P, Bais R, Rofe AM: Influence of season, age, and sex on renal stone

i i ici 35 formation in South Augtralia. Med J Aust 1993, 159:390-392.
disorders can cause rend insuffici ency™. 12. Rajkiran, Pendse AK, Ghosh R, Ramavataram DV, Singh PP: Nutrition and urinary cal-
ECONOM | C BURDEN OF KIDNEY STONES cium stone formation in northwestern India: a case control study. Urol Res 1996, 24:141-
147.
iai 0, i i 13, Ahlawat R, God MC, Elhence A: Upper urinary tract stone analysis using X-ray diffrac-
The annud health care bUdga of Indiaisabout 4% of its GDP \Mthl n tion: resultsfromatertiary referral centrein northern India. Natl Med JIndia1996, 9:10-12.
thisamount all activitiesrelated to health sector need to be sustained. 14, Pundir CS, Goyal L, Thakur M, Kuchhal NK, BhargavaAK, Yadav SP; Chemical analysis
This warrants a cost effectiveness analysis of kidney stone of urinary caleuli in Haryana. Indien JMed Soi 1998, 521621 _
management. Unfortunately such an assessment is lacking in Indian 15 Reo M Aggré"ﬁ.' e Rl Oﬁ:Maédgﬁ'gg;g"gafO; el diffraction analysis of
. . . .. cull from I region. lan es , 04 - .
scenario. Itwill however beuseful to gather someprimersfromsimilar 16, Curhan GC, Willett WG, Rimm EB, Sampfer MJ: A prospective study of dietary calcium
analysis done in other countries. In United States, a person with gcther nutrients and the risk of symptomatic kidney stones. N Engl JMed 1993, 328:833-
nephrollthlass claimed $3‘500 more in medical expenses than his/ 17. Mar'tini LA, Heilberg | P: Sop dietary calciumregtriction in kidney stone-forming patients.
her normal counterpart. There was amean loss of 19 work hours per Nutr Rev 2002, 60:212-214.
year due to rend lithiasis. A cost effectiveness study of medical 18. - Kumar R MukherjeeM, Bhandari M, Kumar A, Sidhu H, Mittal RD: Roleof Oxalopadter
management strategies for nephrolithiasis showed that dietary formigenes in calcium oxalate stone disease: a study from North India. Eur Urol 2002,
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. 20. LemannJ,Jr., PleussJA, Gray RW, Hoffmann RG: Potassumadministration reducesand
therapy were the_least cost t_effectlve ways of management_%. Th_OUgh potassium deprivation increases urinary calcium excretion in healthy adults [corrected].
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H H v H i~ . erkemeyer argavaA, argava U: rlnaryplmaluusrat 1l urinary calcium
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let the patients make an informed decision. J Nutr 2007, 98:1224-1228.
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UROGENITAL ANATOMY-
HOW IT ISPRONE FOR UROLITHIASIS?
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(" Abstract: Mogt recent studies report that the incidence of kidney and ureteral stones has increased significantly in both adults and children )
According to the literature, renal calculi formation is a relatively complex process and involves an interplay of various physochemical and
anatomical factors. Almost 50% of the pediatric cases of urolithiasis are idiopathic and the rest due to hypercalciuria (30%) and hyperoxalauria
(20%), or rarely dueto hyperuricosuria, xanthinuria or hypocitruria in addition metabolic disorders are also a contributing factor. The predigoo-
sition to uralithiassin all these conditions are also contributed by the intricate anatomical structure and conmplex development of the urogenital
system. The article briefly describes the gross anatomical structure and the development of the urinary tract. Urinary organs develop from
intermediate mesenchyme. The intermediate mesenchyme is found longitudinally placed in the trunk, sub-adjacent to somites, at the junction
between splanchnopleuric mesoderm and somatopleuric mesoderm. In brief, the ureteral bud developing from the mesonephric duct dilates to
formthe ampulla which induces the surrounding mesenchymatoustissuei.e. metanephrosresulting in the differentiation of mesenchymal agglom-
eratesand their organization in concentrates. The condensate then epithelizes and forms vesicles, which fuse with the ampulla to forma nephron.
The various congenital anomalies which can lead to an obstructive uropathy due to hydronephrotic changes causing urinary stasis and, subse-

\_Quently become a mejor predisposing factor for uralithiasis. All these have been discussed froman antomical perspective )

Urolithiasisisaproblem that isgenerally increasing in the tropics as
well asin most of the Western countries. There are 2 main types of
the urolithiasis the bladder stones in children, and upper urinary
tract stones in adults. The former has been decreasing in most
devel oped countrieswith gradual improvement inlevels of nutrition.
Reno-uretera calculosis typical of adult age is more frequent in
economically developed countries, with a prevalence rate between
4% and 20% On the contrary “primitive” vesical calculosisisfairly
widespread in Asia, due to malnutrition in the very early years of
life,. However, the concurrence of agenetic predisposition seemsto
be crucid for stone formation®.

Congenital anomalies and anatomical variations in the urogenital
tract can be a major contributing factor in stone formation. It is
well knownthat renal calculi formationisarelatively complex process
and involves aninterplay of various physiochemical and anatomical
factors.. Literature shows that dmost 50% of the pediatric cases of
urolithiasis are idiopathic and the rest due to hypercaciuria (30%)
and hyperoxalauria (20%), or rarely due to hyperuricosuria,
xanthinuriaor hypocitruria. Hypocitruriahas been quoted asthe most
important risk factor in the development of idiopathic calcium stones
in children. Mde children suffer more frequently with urolithiasis?.
The urinary concentration of stone-forming ions like calcium and
oxalate is vital, especialy in combination with a deficiency of
inhibitorsof crystalization-likecitrate. In addition, abnormal urinary
pH can contribute significantly to stone formation by affecting ion
solubility and thereby promoting their crystallization. Metabolic
disorders are uncommon etiopathological factors for urolithiasis®.
Other known predisposing factors for urolithiasis are obstructive
uropathy, ureterovesicular reflux, neurogenic bladder, renal foreign
body, rena papillary necrosis and UTI. Neonatal renal calculus
formation can be subsequent to maternal conditions like
hyperparathyroidism, Vitamin D intoxication and diuretic therapy,
or dueto neonatal diseaseslikehyperparathyroidism, hypothyroidism,
idiopathic hypercalciuria, rena tubular acidosis, inborn errors of
metabolism and steroid or diuretic therapy*.

In arecent analysis of McKusick’s On-line Mendelian Inheritance
inMan (OMIM) database, NL wasfound to be acomponent of more
than 30 genetic disorders, namely familial idiopathic hypercalciuria,

(autosoma dominant) Dent’s disease (X-linked recessive), adenine
phosphoribosyl-transferase deficiency (autosomal dominant),
idiopathic calcium oxalate nephrolithiasis (autosomal dominant/
polygenic) and severa others, which are either autosomal recessive
or X-linked® autosomal recessive The pathogenesis of uralithiasisin
these conditions is not well understood. Some of these disorders,
especially those inherited via an autosomal recessive or X-linked
autosomal recessive pattern, can result in end-stage renal disease.
The emphasis on genetic counseling and the possibility of early
prenata diagnosisof congenital malformation have stimulated interest
in fetal anatomy®.

The question arises-Is the anatomy of the urinary system such
that it could lead to calculi formation?

Most recent studies report that the incidence of kidney and ureteral
stones hasincreased significantly in both adults and children. Hence
to understand the possibility of calculi formation it is necessary to
briefly understand the gross structure and development of the
urrogenital system.

UROGENITAL SYSTEM

Gross Anatomy

The urogenital system comprises of the urinary tract and the
reproductive system. The kidneys are essentially regulatory organs
which maintain thevolume and composition of body fluid by filtration
of theblood and sel ective re absorption or secretion of filtered sol utes,
the kidneys are retroperitoneal organs (ie located behind the
peritoneum) situated on the posterior wal of the abdomen on each
sideof thevertebral column, at about thelevel of thetwelfthrib. The
left kidney is dightly higher in the abdomen than the right, due to
the presence of the liver pushing the right kidney down.
Thekidneys derivetheir blood supply directly from the aortaviathe
renal arteries; blood is returned to the inferior vena cava via the
rend veins. Urine (the filtered product containing waste materials
and water) excreted from the kidneys passes down the fibromuscular
ureters and collects in the bladder. The bladder muscle (the detrusor
muscle) is capable of distending to accept urine without increasing
the pressure inside; this means that large volumes can be collected
(700-1000ml) without high-pressure damage to the rena system.
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When urineispassed, the urethral sphincter at the base of the bladder
(trigone) relaxes, the detrusor contracts, and urine is voided viathe
urethra.

Themale urethraislonger and comprises of 4 parts, the preprostetic,
prostatic, membranous and spongy part and thelumen are small dits
while the female urethra is shorter and has a length of 4cm. The
structural difference between male and female urethra makes males
more prone to obstructive uropathies and urolithiasis’.

On sectioning, the kidney has a pale outer region- the cortex- and a
darker inner region- the medulla. The medullais divided into 8-18
conical regions, called the rend pyramids; the base of each pyramid
starts at the corticomedullary border, and the apex endsin the renal
papilla which merges to form the renal pelvis and then on to form
the ureter. In humans, the rend pelvis is divided into two or three
spaces -the major calyces- which in turn divide into further minor
calyces. The walls of the calyces, pelvis and ureters are lined with
smooth muscle that can contract to force urine towards the bladder
by peristalisis. The cortex and the medullaare made up of nephrons;
these are the functional units of the kidney, and each kidney contains
about 1.3 million nephronsand it isthe unit of thekidney responsible
for ultrafiltration of the blood and reabsorption or excretion of
products in the subsequent filtrate. Each nephron is made up of:
glomerulus filtering unit) 125ml/min of filtrate is formed by the
kidneys as blood is filtered through this sieve-like structure. This
filtration is uncontrolled. In the proximal convoluted tubule-
controlled absorption of glucose, sodium, and other solutes occur.
The loop of Henele is responsible for concentration and dilution of
urineby utilising acounter-current multiplying mechanism- basically,
it is water-impermeable but can pump sodium out, which in turn
affects the osmolarity of the surrounding tissues and will affect the
subsequent movement of water in or out of the water-permeable
collecting duct. Thedistal convoluted tubuleisthisregionresponsible,
along with the collecting duct that it joins, for absorbing water back
into the body, thereforethekidney filters 125ml of urineevery minute
and 99% of the water is reabsorbed, leaving a highly concentrated
urineto flow into the collecting duct and then into the rend pelvis®.
It would beinterseting to understand the devel opment of thiscomplex
anatomical structure

DEVELOPMENT OF KIDNEY
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Urinary organs develop from intermediate mesenchyme. The
intermediate mesenchymeisfound longitudinally placed inthetrunk,
sub-adjacent to somites, at the junction between splanchnopleuric
mesoderm and somatopleuric mesoderm. Development progresses
cranio-caudaly’. Glomeruli are specific arrangements of capillaries
and overlying coelomic epithelium and arise from the ventral wall of
nephrocele (internal glomeruli) or the roof of coelom adjacent to
peritonea funnels (external glomeruli), or in both situations. It has
been customary to regard renal excretory system as three organs-
pronephros, mesonephros and metanephros succeeding each other
in time and space. Last to develop is retained as permanent kidney.
Both pronephros and mesonephros has a craniocauda arrangement,
so resultsin production of hypotonic urine. The tubular arrangement
inmetanephrickidney intheform of loopsof Henledlowsdifferentia
concentration of urine to form hypertonic urine. Metanephric kidney
develops from three sources: an evagination of mesonephric duct,
the ureteric bud and a loca condensation of mesenchyme termed
metanephric blastema form the nephric structure, while angiogenic
mesenchyme migrates into metanephric blastema to form glomeruli
and vasa recta. The angiogenic mesenchyme migrates into
metanephric blastema to form glomeruli and vasa rectaf 89141517,

Inbrief, the ureteral bud devel oping from the mesonephric duct dilates
to form the ampullawhich induces the surrounding mesenchymatous
tissuei.e. metanephrosresulting in the differentiation of mesenchymal
agglomerates and their organization in concentrates. The condensate
then epithelizes and forms vesicles, which fuses with the ampullato
form a nephron. First vesicle is formed at the end of 7" week in
relation to 6™ division of ureteric bud. Cells at the proximal pole of
the vesicles organize to form C-shaped or comma shaped body
followed by cellular reorganization of tubular cells at distal end to
form a S-shaped body or S-body. In the cleft of the S-body at the
distal pole, formation of extra cellular matrix and penetration by
capillaries targets at formation of future mesangia region. The
proximal limb of the S-body organizes to form distal convoluted
tubule while the intermediate limb enlarges to form loop of Henle
and the proxima convoluted tubule resulting in entire development
of a nephron. Many such nephrons are present in the fetal kidney
due to multiple branching of the ampullary bud and induction of
various mesenchymatous condensates to form nephron arcades. This
process of rena development begins at deeper regions and reaches
the periphera part of the cortex with the advancement of ampullain
that region and terminates during the last month of gestation with
subsequent interstitial growth #1014, Themetanephrickidney isinitialy

et a 2006)
Fig 1. Metanephic blastema 2 lobules with intervening future pelvis at
14 weeks, 10x
Fig 2 Developing tubulesin cortex at 14 weeks. Mag 40x
Fig 3 . Metanephric blastema cap over the ampulla at 14 weeks Mag
40x
Fig 4. Sratification of tubules at 18 weeks Mag 40x
Fig 5 Successive generation of ampulla at renal pelvis 20 weeks Mag
10x
Fig 6 Well defined glomeruli and tubules seen at 24 weeks Massons
~_ trichrome stain Mag 10x

~ Fig 7 differentiation of 2 sets of tubules eosinophilic and baophilc at
22 weeks of gestation Mag 40x
Fig 8. Well defined glomeruili and tubul.es seen at 24th weeks of
gestation. Magnification 10x. Massons Trichrome stain.
Fig 9 well defined cortex and medulla at 28 weeks of gestation.
Collleting ducts converging towards the excretory system Mag 10x
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sacral and as the ureter lengthens, it ascends uoto the level of 2
lumber vertebrae. Kidney size is presumably influenced both by
genetic and environmenta factors. (figureltoll). The number of
glomeruli at birth is presumably genetically determined. The size of
kidneysis dependent on the number and size of nephrong®-1213.17.18,
The tota filtration surface area depends on the glomerular density
and the glomerular surface area, any variation in these factors alters
the total filtration area which is a useful indicator of renal
development.

The manifestation of renal disorders is directly related to
developmental anatomy of kidney including both morphologica and

Outgrowing
collecting tubules

Major calyx
Metanephric blastema
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Fig 10. Formation of the calyceal system. Development of urogenital system
Sadler T W, Langman;s medical embryology

Schematic representations of the formation of the nephron in sequence
Fig 11. Sadler T W, Langman;s medical embryology

stereological parameters'41516181° Theinscidence of rena anomalies
is about 20-30%. Thus, in utero detection of anomalies prevents
delay in postnatal diagnosis and enables early surgical repair of
significant lesions’.

Development of Urinary bladder is from the ventral part of the
cloaca. The cloaca is divided into three parts, the cranial vesico
urethral part continuous with the urachus, middle pelvic part and the
deep phallic part. The ureter and mesonephric duct open separately
intothevesico urethal part. Thepelvicand phallic part the narrowest
region formsthe urogenital sinus. Hencetheurinary bladder develops
from ventral endodermal cloaca (most of urinary bladder except
trigone) and the absorbed mesonephrous (trigone).Fig 12

Though there is not much literature on the correlation of urolithiasis
and congenital anomalies, it would be interesting to analyse the
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Figl2. Development of urogenital system
Sadler T W, Langman;s clinical embryology

incidence of some of the anomalies which cause an obstructive
uropathy, lead to back pressure and hydronephrosis an important
predisposing factor for urolithiasis.

CONGENITAL ANOMALIES OF KIDNEY

The congenital anomalies of kidney can be described as follows.

Hor seshoe kidney, the most common fusion anomaly, occurs when
rena parenchyma on each side of the vertebral column is joined at
the corresponding (usually lower) poles; an isthmus of renal
parenchymaor fibroustissuejoinsat the midline. The ureters course
medially and anteriorly over thisisthmus and generaly drain well.
Obstruction, if present, isusualy secondary toinsertion of theureters

Fig 13. Pelvic kidney and horse shoe kidney
Sadler T W, Langman;s medical embryology

highintherena pelvis. Stonediseaseisthought to bedueto theassociated
hydronephrosis or ureteropelvic junction obstruction PUJ obstruction
that causes urinary stagis, which hinders stone passage.( Fig 13)
Crossd fusad renal ectopia isthe 2nd most common fusion anomaly.
The rend parenchyma (representing both kidneys) is on one side of the
vertebral column. One of the ureters crosses the midline and enters the
bladder on the side opposte the kidneys. When ureteropdvic junction
obstruction is present, pyeloplasty isthe treatment of choice.

Fused pelvic kidney (pancakekidney) ismuch lesscommon. A Sngle
pelvic kidney is served by 2 callecting systems and ureters.
Malrotation isusudly of littledinica significance. Thereisan axisshift
in the collecting system anatomy.

Multicygtic dysplastic kidney: In this condition, anonfunctioning rena



136

unit condsts of noncommunicating cysts with intervening solid tissue
composed of fibrogs, primitive tubules, and fod of cartilage. Usudly,
ureterd atresaisaso present. Uncommonly, thekidney developstumors
or infection, and hypertenson may develop.

Renal dysplasa: In rend dysplasa - a higologic diagnoss, the rend
vasculature, tubules, collecting ducts, or drainage apparatus develops
abnormally.

Renal ectopia: Rend ectopia, abnormal rend location, usudly results
when a kidney fails to ascend from its origin in the true pelvis, arare
exception occurs with a superiorly ascended (thoracic) kidney. Pelvic
ectopia increases the incidence of ureteropelvic junction obstruction,
vesicoureterd reflux, and multicystic rend dysplasia.

Renal hypoplasia: Hypoplasausualy occursbecauseinadequateureterd
bud branching causesan underdevel oped, smdl kidney with histologicaly
norma nephrons®-2,

CONGENITAL URETERE ANOMALIES

The ureter drains urine from the kidney into the bladder. Not Smply a
tube, the ureter isan active organ that propel s urineforward by muscular
action. It has avave at its lower end that prevents urine from flowing
backward into the kidney. Normally there is one ureter on eech Sde of
the body for each kidney. Ureters may aso be maformed in avariety of
ways—which can cause have severe manifestations, and some go
unnoticed in life.

Double ureter: However, anong the many abnormdities of ureterd
development, duplication is quite common

Retrocaval ureter: A ureter canbeperfectly norma but havean abnormd
position, such as behind the vena cava (retrocavd ureter), thelarge vein
in the middle of the abdomen. Inthis case the ureter may be pinched by
the vena cava S0 that flow is hindered. Other abnormd locations may
a0 lead to compression and impaired flow, leeding to hydronephrosis.
Uretherd anomdlieswhich can beassociated with obstructive ueopathies,
can be enumerated as phimosis, paraphymosis, hypospadius,
maformation of penis, ureterd reflux..

Henceonecan condudethoughtheetiology of urolithiasisismutifactoria
andisstrongly rdlated to dietary lifestyle habitsand practices adefective
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anatomy could be a mgjor contributing factor. Ingght into the etiology
would help in proper management of the condition.
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LITERATURE REVIEW

Factors other than glomerular filtration rate affect serum cystatin C levels Lesey A Sevens, Christopher H Schmid, Tom Greene, et.al.
Kidney Int. 2009, 25, 652-660

Cydtatin C is an endogenous glomerular filtration marker hence its serum level is affected by the glomerular filtration rate (GFR). To study
what other factors might affect it blood level we performed a cross-sectional analysis of 3418 patients which included a pooled dataset of
clinical trial participants and a clinical population with chronic kidney disease. The serum cystatin C and creatinine levels were related to
clinical and biochemical parameters and errors-in-variables models were used to account for errors in GFR measurements. The GFR was
measured asthe urinary clearance of #-iothalamate and 5!Cr-EDTA. Cystatin C was determined at a single laboratory while creatinine was
standardized to reference methods and these were 2.1+/-1.1 mg/dL and 1.8+/-0.8 mg/L, respectively. After adjustment for GFR, cystatin C
was 4.3% lower for every 20 years of age, 9.2% lower for female gender but only 1.9% lower in blacks. Diabetes was associated with 8.5%
higher levels of cystatin C and 3.9% lower levels of creatinine. Higher C-reactive protein and white blood cell count and lower serum
albumin were associated with higher levels of cystatin C and lower levels of creatinine. Adjustment for age, gender and race had a greater
effect on the association of factors with creatinine than cystatin C. Hence, we found that cystatin C is affected by factors other than GFR
L which should be considered when the GFR is estimated using serum levels of cystatin C.

~

J

effective antibodies to complex biotechnological processes.
L

é )
NOBEL PRIZE IN CHEMISTRY

Dr. Venkataraman Ramakrishnan — a scientist of Indian origin, working at MRC laboratory of Molecular Biology at Cambridge, England
has been awarded this Noble Prize in Chemistry for year 2009, for his work on ribosomes which began way back in 1978. A ribosome is a
collection of several DNA molecules and some protein molecules. Dr.Venkataraman's work has wide ranging applications from designing more

(Source TOI October 8" 2009) )
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ETIOPATHOGENESIS OF RENAL STONE DISEASE

S. K. Agarwal
Department of Nephrology, AlIMS, Ansari Nagar, New Delhi-110029, India

(Abstract: Renal lithia sisis a common condition encountered specially in  Sone belt” in India. Majority of stones in\
India and all over the globe consist of calcium stones. Nucleation is an important mechanism, which increases the
tendency of stone formation. In addition to concentration of solutes, stone inhibitors are also important components;
decreased concentration of which leads to calculus formation. There are two types of stone inhibitors; organic and
inorganic. hypercalicuria, hyper-oxaluria, hyperuricosuria and hypocitraturia are primary metabolic abnormalities
in more than 95%. Renal stone disease is of multifactorial etiology but the basic defect is relative concentration of
solvent and solutes along with disturbance of urinary inhibitors. In the background of some genetic abnormality in a

\risk prone person, dietary and environmental changes lead to renal stone formation.

J

EPIDEMIOLOGY

Renal stone disease (RSD) is third commonest disorder of urinary
tract after urinary tract infection (UTI) and benign prostatic
hyperplasia (BPH). It is more common in a region of India, called
“stone belt”, which runsin the north part of India. Peak incidence of
RSD isin thirties and new stone formation goes on decreasing with
age. RSD hastendency to recur with average 50% recurrenceratein
10-year time.

Trueprevaencein Indiaisnot known, asthereareno good population
based studies. It is estimated that prevalenceis 7% in men and 3%in
women. In a hospital-based study from AIIMS, Agarwal et d have
shown that of the 14,456 new patients who attended renal outpatient
department, 6.6% patient had RSD*. Of these new patients 60% were
male. Of these patients, 72.3% presented as RSD, 15% as chronic
kidney disease (CKD), 5% as obstructive uropathy and 7.7% with
other miscellaneous presentations. Further, Agarwal et a in a
community based study, while studying prevalence of CKD in Delhi,
showed that at least 4.4% adult population in community had self
reported rena stone disease out of 5000 approximate population
screened?.

The common types of stone found in clinical practice are:

1. Calcium stone 80%
2. Struvite stones 12%
3. Uric acid stones 6%

4. Cystein stones 1.5%
5. Others 0.5%

ETIOPATHOGENESIS OF RENAL STONE
DISEASE?

Urineisaliquid, which asin any liquid has solvent and solutes. It is
primarily imbalance of solvent and solutes relative concentration,
which leads to tendency of precipitation of solutes which leads to
stoneformation. In addition to solvent and solute concentration, there
are some crystal inhibitor substances, which prevent rena stone
formation.

Depending upon concentration of solute, the state of urine asafluid
isclassified into different stages of saturation of solute. First stageis
under-saturation; in which mgjority of crystal of solute remains
dissolved and very few crystals remain in solution.

Next stageis called saturation in which majority of crystals remain
in solution and though thereislittle new crystal nucleation, previous

crystal aggregation does increase in size. Once the concentration of

soluteincreasesfurther, it reachesto Third stage of super-saturation.
In this stage there is new crystal nucleation and further aggregation
of previous nucleated crystals.

Nucleation isanimportant mechanism, which increasesthetendency
of stone formation. Nucleation is of two types. homogenous
nucleation, inwhich nuclestion materia issameasof thestoneitself.
Thistypeof nucleationisbasically dueto over excretion of aparticular
type of solute. Another type of nucleation is called heterogeneous
nucleation; in which nuclestion is due to substance other than stone
materia itsalf; this tendency is aso caled ‘nidus formation’. The
few examples of heterogeneous nuclestion are uric acid for calcium
oxalatestone, infectionin urinary tract and hypovitaminosis-A causing
changes in epithelium, which act as a nidus.

Super Saturation
Erystal nuciessan New Crystal formation
* |phbio
E Metastabie bmit
_E & Premaism
| c Lrevious crysftr.;l may T
¢ Ly * No new crystd
E . . + Crystal in solution
Baburation
Cryatals disscive * Crystal dissolve
Under Saturation * Few crystal in solution

Figure 1. Renal Sone: Basic Pathogenesis

STONE INHIBITORS

In addition to concentration of solutes, stone inhibitors are also
important components, decreased concentration of which leads to
RSD. There are two types of stone inhibitors; organic and inorganic.
I. Inorganic Stone Inhibitors

1. Citrate

Hypocitraturiais defined as urinary citrate excretion of <250 mgin
24 hours. Urinary citrate forms a soluble complex with calcium that
inhibits the formation and propagation of crystals. It is a common
correctable cause of recurrent pure calcium phosphate or brushite
stones. Women excrete more citrateand havelower incidence of stone
formation than men. Urinary citrate is mainly derived endogenously
through the tricarboxylicacid cycle and is excreted by renal tubular

Correspondence: Prof. SK Agarwal, E-mail: skagarwal58@yahoo.co.in
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cells. Intracellularacidosis, acidic diets(dietsrichin animal proteins),
and hypokalemia decrease urinary citrate excretion. Fruits such as
oranges and grapefruits are the main exogenous sources of urinary
citrate. Hormonal replacement therapy in postmenopausa women
resultsin higher urinary calciumexcretion, but it dsoincreasesurinary
excretion of citrate and leadsto net inhibitionof crystal precipitation,
thereby decreasing the risk of calcium stones.

2. Magnesium

There are usualy no mgjor differences reported in magnesium (Mg)
excretion between stone formers and normal subjects. Low urinary
Mg excretion is only observed in patients with disturbed intestinal
function and malabsorption. The inhibitory properties of Mg are
mainly related to the growth of calcium phosphate crystals. Interms
of calcium oxalate reduced magnesium excretion dightly increases
the ion-activity product of the salt. Mg aso reduces the rate of
conversion of amorphous calcium phosphate (ACP) to octacalcium
phosphate (OCP) and HAP.

3. Pyrophosphate

Inorganic pyrophosphateisa potent inhibitor which appearsto affect
calcium phosphate more than calcium oxdate crystals.

[1. Organic Stone Inhibitors

1. Nephrocalcium

It is a strongly acidic glycoprotein present in norma urine, which
inhibits calcium oxalate crysta growth and has been isolated from
urinary stone matrix

2. Tamm-Horsfall (TH) Protein

THP is aglycoprotein produced by the thick ascending limb of the
loop of Henle of mammalian kidney. Whilethe monomeric molecule
hasaMW of approximately 68 kD, it is physiologically presentin a
highly aggregated state in urine. When this protein is concentrated at
low pH, it forms agel. Tamm-Horsfall protein is the most abundant
protein in mammalian urine. It isthe matrix of urinary casts derived
from the secretion of rena tubular cells. Tamm-Horsfal protein is
part of thematrix inrenal caculi butitsroleinkidney stoneformation
remains debatable.

3. Glycosaminoglycans

The glycosaminoglycans excreted in urine are chondroitin sulfate,
heparan sulfate, and hyaluronic acid, but the major
glycosaminoglycans in stones are heparan sulfate and hyaluronic
acid. Glycosaminoglycansinhibit calcium oxalate crystal growth and
crystal aggregation, but their definite role in stone formation is not
known and there are usually no differencesin the total excretion of
glycosaminoglycans between stone formers and normal subjects.

4. Osteopontin

A negatively charged extracellular matrix protein that playsarolein
theregulation of bone metabolism and a variety of other biological
functions. Its decrease is responsible in some cases for tendency to
stone formation

ETIOLOGY

Renal stone are formed due to primary metabolic abnormality in
morethan 95% cases and systemic diseaseisresponsiblein lessthan
5% cases. Basic metabolic abnormalities are:

1. Hypercalicuria

2. Hyper-oxaluria

3. Hyperuricosuria

4. Hypocitraturia

. HYPERCALCIURIA

Urine calcium excretion more than 4 mg/Kg/day is classified as
hypercalciuria. Common systemic diseases associated with
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hypercalciuria are as follows:

Hyperparathyroidism

Hyper-vitaminosis-D

Sarcoidosis

Renal Tubular Acidosis

Prolong immobilization

Paget Disease

. Hyperthyroidism

Other than small number of patients in whom renal stone diseaseis
because of above systemic abnormality, majority is caused by
idiopathic hypercalciuria. There are four types of idiopathic
hypercalciuria.

A. Type-l idiopathic Hypercalciuria

In type-l hypercalciuria, there is excess absorption of Ca from the
diet. It issimilar to type-ll Idiopathic hypercalciuria but the degree
of Caabsorptionissignificantly highintype-l thanintype-1l. Mgority
of studies of type-l and Il Idiopathic hypercalciuria has shown that
1,25(0H) , Vit-D concentrations in serum are high as compared to
normal individuals. This may be the cause of excess Ca absorption
fromdiet, but the cause of excessVit-D isnot knowninthese patients.
There is some suggestion of candidate genes related to this
phenomenon but exact causeisstill not clear. Candidate genesshown
insomestudiesaretype-2 Na-PO4 cotransporter, Casensing receptor,
chloride channel, vitamin-D receptors etc.

B. Type-ll idiopathic Hypercalciuria

Type-ll Idiopathic hypercalciuria is very similar to Type-l except
that the degreein type-l1 isless than Type-l.

C. Type-111 idiopathic Hypercalciuria

In Type-lll Idiopathic hypercaciuria, there is excess absorption of
Ca from kidney.

D. Renal leak hypercalciuria

Inrenal leak Idiopathic hypercaciuria, thereisleak of PO4 fromthe
kidney, which leads to hypo-PO4 in blood. This hypo-PO4 leads to
stimulation of 1,25(0OH) hydroxylase enzyme in kidney which in-
turn leads to excess conversion of 25(0OH) to 1,25(0H) ,in kidney
tubules, which causes excess absorption of Ca from intestine. This
causes hypercalcemia and hypercaciuria.

In all the above types of hypercaciuria, increasing salt in diet will
increase hypercalciuria. Excess salt can cause volume expansion
and will decrease the absorption of solutes including calcium from
the proximal tubules and thus can lead to hypercalciuria and
increases tendency to stone formation. Further, increasing Ca in
diet obviously increases hypercaciuria. Increasing dietary protein
has also shown in the studies increase in hypercalciuria. Thus,
patientswith cal cium stone tendency should be advisableto decrease
salt, calcium and protein in diet to moderate degree.

[I. HYPER-OXALURIA

Urinary oxalate excretion in excess of 40 mg /day is taken as
hyperoxaluria. Hyperoxaluria is classified as dietary, enteric and
genetic.

Dietary hyperoxaluriaisusualy amildtypeof hyperoxauria, where
urinary excretion of oxa atesis40-60 mg/day. 50% of urinary oxalate
is contributed by dietary oxalate. Thus, dietary hyperoxaluria is
common. 80% patientsof dietary hyperoxa uriahave somemembrane
abnormality causing excess absorption of oxalate from diet. Some
of these patients also have oxalobacter formigines deficiency.
Oxalobacter formigines are norma florain intestine upto 1% year of
life. They degrade oxalates using oxaate dehydrogenase enzymes
and thus decrease absorption of oxaate from intestine. However, its
role in recurrent oxalate stone formation is not clearly known. The
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substances, which are rich in oxalate, are beets, spinach, rhubarb,
tea, chocolate and peanuts. Their excess use is linked with dietary
hyperoxaluria.

Enteric hyperoxaluria is little more severe than dietary
hyperoxaluria, in the sense that urinary oxalate excretion is usualy
more than 60 mg/day. Normdlly bile acid is absorbed in proximal
intestine. If for any reason, its absorption in proxima intestine is
decreased, then it reaches to distal intestine. In distal intestine bile
acid binds with Ca and decreases free Ca in bowel. Once free Ca
decreasesin bowel, it leaves more oxal ate, which can be absorbed as
normally Ca binds to oxalate and decreases its absorption. This
ultimately leads to hyperoxauria. This can also be understood from
some studiesin which low Ca intake in diet has been associated with
increased oxal ate absorption fromintestineand hyperoxaluria. Enteric
hyperoxauria is seen in patients with Crohn’s disease, particularly
following intestinal resection, with jguno-ilea bypass for obesity,
or with any other condition associated with fat and bile acid
mal absorption such as pancreatic insufficiency. It has, moreover, been
suggested that hile acids, which are present at high concentrations
throughout the intestinal tract because of the malabsorption, increase
the permeability of the colon. This mechanism might thus further
augment the intestinal absorption of oxalate. The importance of the
colon for oxalate absorption is further supported by the fact that
patients with an ileostomy usualy form uric acid and not calcium
oxaate stones.

Genetic hyperoxaluria, the most serious abnormality of the
metabolism of oxalate occurs in two different forms: Type 1 and
Type 2; the 24-h excretion in these patients is usualy greater than
100 mg/day. Patientswith Type 1 hyperoxaluriahave adeficiency of
alanine-glyoxylate aminotransferase (AGT), which is a pyridoxal
phosphate-dependent enzyme. This enzyme is responsible for the
conversion of glyoxylate to glycine. The deficiency or insufficient
synthesisof AGT resultsin anincreased supply of glyoxylate. Inthis
way increased amounts of oxaate are synthesized from glyoxaate
by the action of peroxisomal glyoxylate oxidase (XO) and cystosolic
lactate dehydrogenase (LD). The enzyme AGT is synthesized in the
liver where it is localized to the peroxisomes. It is encoded by the
AGXT gene on the 2q 37.3 chromosome. Several mutations have
been identified. The analytical findings in patients with primary
hyperoxauria Type 1 are increased urinary excretion of oxalate and
glycolate . The stones are in most cases composed of COM. Liver
biopsy and assessment of the AGT activity is required for areligble
diagnosis. A definite curefor these patients cannot be obtained unless
liver transplantation is carried out.

The abnormality behind primary hyperoxauriaType 2 isadeficient
production of GR. This enzyme is responsible for conversion of
glyoxylate to glycolate. A deficient function of GR leads to an
accumulation of glyoxylate with an increased conversion to oxaate.
Inasmuch as GR also is responsible for conversion of
hydroxypyruvateto d-glycerate, surplusamountsof hydroxypyruvate
give an excessive production of I-glycerate by the action of LD. The
genetic defect has been locdized to chromosome 9q11. Primary
hyperoxaluria Type 2 usually has a milder clinical course than
hyperoxaluria Type 1 and renal failure is less commonly seen in
patients with the Type 2 disease. Clinicaly, these patients have an
increased urinary excretion of oxalate and I-glycerate and it hasbeen
stated that stone formation is amore typica entity in hyperoxauria
Type 2 than is nephrocalcinoss.

1. HYPERURICOSURIA
Urate has no direct influence on the ion-activity products of calcium
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phosphate or calcium oxaate and itsrole in calcium stone formation
has been a matter of debate for decades. It has been suggested that
sodium urate might serveasanidusfor calcium oxalate precipitation,
that colloidal urate might interfere with the activity of crystallization
inhibitors, or that cal cium oxaateisprecipitated asaresult of asalting-
out effect. Of these alternatives the last one presently appears most
plausible. Coeand coworkersdescribed auricosuric calciumoxalate
stone syndrome, but thereisno information available on how common
thissyndromeis. Geographical and dietary factors might explain the
variability by means of which hyperoxaluria calcium oxaate stone
formation obvioudly occursin different populations of the world. In
some groups of stone-formers urinary urate is increased compared
with normal subjects, in others it is not. It is noteworthy that an
increased excretion of urate usually accompanies severd of the other
changes in urine composition that are associated with excessive
dietary habits.

Thereis significant effect of urinary pH on dissolution of uric acid.
As the pH decreases towards acidic side, undissociated uric acid
concentration increases and chances of uric acid crystallization
increases. Dietary protein aso is another factor, which increases
urinary uric acid excretion.

V. HYPOCITIURIA

Normad excretion of citrate in urine is more than 325 mg/day. Itisa
stone inhibitor as it complexes Ca and decreases Ca oxalate
crystalization. More than 30% of calcium stone formers have
hypocitraturia. Hypocitraturia can be idiopathic or it can be caused
by systemic acidosis and hypokaemia. In a small study after oral
citrate therapy tendency of recurrent stone formation had decreased
significantly.

Comparative sgnificance of various abnormdlitiesis shown in figure-2.

| 1 Renal i Hypor Mypo Hypes
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Figure 2: Renal Sone: Comparative Primary Abnormality
CONCLUSION

Renal stonediseaseisof multifactoria in etiology but the basic defect
isrelative concentration of solvent and solutesa ong with disturbance
of urinary inhibitors. Inthe background of some genetic abnormality
in arisk prone person, dietary and environmental changes lead to
rena stone formation.
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UROLITHIASIS - CLINICAL FEATURESAND DIAGNOSIS

R.C.M.KAZA
Department of Surgery, Maulana Azad Medical College &
Associated Lok Nayak & G.B. Pant, Hospital, New Delhi- 110002, India

Abstract : Urinary tract stone disease has been an important part of the human disease for millennia. Pain, infection,
or hematuria are classical triad of symptoms reported by patients with renal stone disease. While acute obstruction
may produce a classic renal colic, long standing obstruction may be asymptomatic and may present with symptoms of
renal failure; costovertebral angle tenderness is common; this pain can move to the upper or lower abdominal
quadrant as a ureteral stone migrates distally. -Peritoneal signs are usually absent—an important consideration in
distinguishing renal colic from other sources of flank or abdominal pain. A detailed radiological investigation and
metabolic profile are essential for the diagnosis for renal stone disease.
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Urinary tract stone disease has been a part of the human condition
for millennia; in fact, bladder and kidney stones have even been
found in Egyptian mummies. Some of the earliest recorded medical
texts and figures depict the treatment of urinary tract stone disease.
Theoverdl lifetimerate of kidney stonesin the general populationis
approximately 12% for men and 4% for women. Having a family
member with a history of stones doubles these rates. Approximately
30 million people are at risk in the United States. No such data
available for the Indian population. Peak incidence occursin people
aged 35-45 years, but the disease can affect anyone at any age.

HISTORY

e Patients with urinary calculi may report pain, infection, or
hematuria. Small nonobstructing stones in the kidneys only
occasionally cause symptoms. If present, symptoms are
usually moderate and easily controlled.

e The passage of stones into the ureter with subsequent acute
obstruction, proximal urinary tract dilation, and spasm is
associated with classic renal colic.

e Rena colic is characterized by undulating cramps and
severe pain and is often associated with nausea and
vomiting.

e Asthe stone travels through the ureter, the pain moves
from the flank to the upper abdomen, then to the lower
abdomen, down to the groin, and eventually to the
scrotal or labial areas.

e Associated bladder irritative symptoms are common
when the stone is located in the distal or intramural
ureter.

e Patients with large renal stones known as staghorn calculi
are often relatively asymptomatic.

e Staghorn refers to the presence of a branched kidney
stone occupying the renal pelvis and at least one
calyceal system. Such calculi usually manifest as
infection and hematuria rather than as acute pain.

e Asymptomatic bilateral obstruction, which is
uncommon, manifests as symptoms of renal failure.

* Important historical features are as follows:

¢ Duration, characteristics, and location of pain

History of urinary calculi
Prior complications related to stone manipulation
Urinary tract infections
Loss of renal function
Family history of calculi
e Solitary or transplanted kidney
A few important words about the pathophysiology of rena colic.

RENAL COLIC PAIN

The colicky-type pain known as renal colic usually begins in the
upper lateral mid back over the costovertebral angleand occasiondly
subcostaly. It radiates inferiorly and anteriorly toward the groin.
Thepaingenerated by renal colicisprimarily caused by thedilatation,
stretching, and spasm caused by the acute ureteral obstruction. (When
asevere but chronic obstruction devel ops, asin sometypesof cancer,
itisusualy painless.)

Calicisamisnomer becauserenal colic paintendsto remain constant,
whereas intestinal or biliary colic is usually somewhat intermittent
and often comes in waves. The pattern of the pain depends on the
individual’s pain threshold and perception and on the speed and
degree of the changes in hydrostatic pressure within the proximal
ureter and rend pelvis. Uretera peristaSs, sonemigration, and tilting
or twisting of the stone with subsequent intermittent obstructions
may cause exacerbation or renewal of therena colic pain. Theseverity
of the pain depends on the degree and site of the obstruction, not on
the size of the stone. A patient can often point to the site of maximum
tenderness, which islikely to be the site of the ureteral obstruction.
A stone moving down the ureter and causing only intermittent
obstruction actually may be more painful than a stone that is
motionless. A constant obstruction, even if high grade, alows for
various autoregulatory mechanisms and reflexes, interstitial renal
edema, and pyelolymphatic and pyelovenous backflow to help
diminishtherenal pelvic hydrostatic pressure, which gradually helps
reduce the pain. The interstitial rena edema produced, stretches the
renal capsule, enlargesthekidney (ie, nephromegaly), and increases
renal lymphatic drainage. (Increased capillary permeability facilitates
thisedema.) It may also reducetheradiographic density of the affected
kidney’s parenchyma when viewed on a noncontrast CT scan.
Distension of the renal pelvis initially stimulates ureteral
hyperperistalsis, but this diminishes after 24 hours, as does rend
blood flow. Peak hydrostatic rend pelvis pressureis attained within
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2-5 hours after acomplete obstruction. Within the first 90 minutes of
a complete ureteral obstruction, afferent preglomerular arteriolar
vasodilation occurs, which temporarily increases rena blood flow.
Between 90 minutes and 5 hours after the obstruction, rena blood
flow starts to decrease while intraureteral pressure continues to rise.
By 5 hours after a complete obstruction, both rena blood flow and
intraluminal ureteral pressure decrease on the affected side. Rend
blood flow decreasesto approximately 50% of normal baselinelevels
after 72 hours, to 30% after 1 week, to 20% after 2 weeks, and to
12% after 8weeks. By thispoint, intraureteral pressureshavereturned
to normal, but the proxima uretera dilation remains and ureteral
perigtalsisis minimal.

Interstitial edema of the affected kidney actualy enhances fluid
reabsorption, which helps to increase the renal lymphatic drainage
to establish a new, relatively stable, equilibrium. At the same time,
rena blood flow increasesinthe contraatera kidney asrena function
decreases in the obstructed unit.

In summary, by 24 hours after a complete ureteral obstruction, the
renal pelvic hydrostatic pressure has dropped because of (1) a
reduction in ureteral peristalsis; (2) decreased renal arteria vascular
flow, which causes a corresponding drop in urine production on the
affected Sde; and (3) interdtitia renal edema, whichleadsto amarked
increase in rena lymphatic drainage. Additionally, as the ureter
proximal to the stonedistends, some urine can sometimesflow around
the obstruction, relieving the proximal hydrostatic pressure and
establishing a stable, relatively painless equilibrium. These factors
explain why severerend colic pain typically lastslessthan 24 hours
in the absence of any infection or stone movement.

Experimenta studies in animals have suggested that renal damage
may begin within 24 hours of a complete obstruction and permanent
kidney deterioration startswithin 5-14 days. While some practitioners
wait several months for a stone to pass in an asymptomatic patient,
others argue that permanent damage is occurring as long as
intervention is delayed. Based on persona experience and anecdotal
cases, the author recommends waiting no longer than 4 weeks for a
stone to pass spontaneously before considering intervention.
Convincing asymptomatic patients of the need for surgical
intervention may be difficult in the absence of a clear consensusin
the urological community about the length of time to wait before
surgica stone remova, fragmentation, or bypass.

If only a partial obstruction is present, the same changes occur, but
to a lesser degree and over a longer period. Proximal ureteric and
renal pelvic hydrostatic pressures tend to remain elevated longer,
and ureteral peristalsis does not diminish as quickly. If the increased
pressure is sufficient to establish a reasonable flow beyond the
obstructing stone, glomerular filtration and renal blood flow
approximates reference range baseline levels, although pain may be
ongoing.

PHASESOF THE ACUTE RENAL COLICATTACK

Theactua pain attack tendsto occur in somewhat predictable phases,
with the pain reaching its peak in most patients within 2 hours of
onset. The pain roughly follows the dermatomes of T-10 to S-4. The
entire process typically lasts 3-18 hours. Renal colic has been
described as having 3 clinical phases.

Acute, or onset, phase

Thetypica attack starts early in the morning or at night, waking the
patient from sleep. When it begins during the day, patients most
commonly describethe attack as starting slowly and insidiously. The
pain is usualy steady, increasingly severe, and continuous, some
patientsexperienceintermittent paroxysmsof even moreexcruciating
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pain. The pain level may increaseto maximum intensity in aslittleas
30 minutes after initia onset or more sowly, taking up to 6 hours or
longer to peak. Thetypica patient reaches maximum pain 1-2 hours
after the start of the rend colic attack.
Constant phase
Oncethe pain reaches maximum intensity, it tendsto remain constant
until it is either treated or alowed to diminish spontaneously. The
period of sustained maximal pain is caled the constant phase of the
renal colic attack. This phase usually lasts 1-4 hours but can persist
longer than 12 hours in some cases. Mot patients arrive in the ED
during this phase of the attack.
Abatement or relief phase
During thisfinal phase, thepain diminishesfairly quickly, and patients
finaly fed relief. Relief can occur spontaneoudly at any time after
the initial onset of the colic. Patients may fal adeep, especidly if
they have been administered strong analgesic medication. Upon
awakening, the patient notices that the pain has disappeared. This
fina phase of the attack most commonly lasts 1.5-3 hours.

Pain in renal colic

Renal painfibersareprimarily preganglionic sympathetic nervesthat

reach spinal cord levels T-11 to L-2 through the dorsal nerve roots.

Aortorenal, celiac, and inferior mesenteric gangliaare alsoinvolved.

Spina transmission of rena pain signals occurs primarily through

the ascending spinothalamic tracts. In the lower ureter, pain signals

arealso distributed through the genitofemoral andilioinguinal nerves.

The nervi erigentes, which innervates the intramural ureter and

bladder, is responsible for some of the bladder symptoms that often

accompany an intramural ureteral calculus.

e Upper ureter and renal pelvis: Painfrom upper ureteral stones
tends to radiate to the flank and lumbar areas. On the right
side, this can be confused with cholecystitis or cholélithiasis;
on the left, the differential diagnoses include acute
pancreatitis, peptic ulcer disease, and gastritis.

e Middle ureter: Midureteral calculi cause pain that radiates
anteriorly and caudally. This midureteral pain in particular
can easily mimic appendicitis on the right or acute
diverticulitis on the left.

« Distal ureter: Distal ureteral stones cause pain that tends to
radiate into the groin or testicle in the male or labiamajorain
the female because the pain is referred from the ilioinguinal
or genitofemoral nerves. If astoneislodged in the intramural
ureter, symptoms may appear similar to cystitis or urethritis.
These symptoms include suprapubic pain, urinary frequency,
urgency, dysuria, stranguria, pain at the tip of the penis, and
sometimes various bowel symptoms, such as diarrhea and
tenesmus. These symptoms can be confused with pelvic
inflammatory disease, ovarian cyst rupture, or torsion and
menstrual pain in women.

Most of the pain receptors of the upper urinary tract responsible for

the perception of renal colic are located submucosaly in the renal

pelvis, calices, rena capsule, and upper ureter. Acute distention seems
to be more important in the development of the pain of acute rena
colic than spasm, local irritation, or ureteral hyperperistalsis.

Stimulation of the peripelvic rena capsule causes flank pain, while

stimulation of the renal pelvis and calices causes typical rena colic.

Mucosal irritation can be sensed in the rena pelvis to some degree

by chemoreceptors, but thisirritation is thought to play only aminor

role in the perception of rena or uretera colic.

In the ureter, an increase in proximal peristalsis through activation
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of intrinsic ureteral pacemakers may contribute to the perception of
pain. Muscle spasm, increased proximal peristalsis, local
inflammation, irritation, and edema at the site of obstruction may
contribute to the development of pain through chemoreceptor
activation and stretching of submucosal free nerve endings.
Nausea and vomiting are often associated with acute renal colic
and occur inat least 50% of patients. Nauseaiscaused by the common
innervation pathway of the renal pelvis, stomach, and intestines
through the celiac axis and vagal nerve afferents. This is often
compounded by the effects of narcotic analgesics, which ofteninduce
nauseaand vomiting through adirect effect on Gl matility and through
an indirect effect on the chemoreceptor trigger zone in the medulla
oblongata. Nonsteroida anti-inflammatory drugs (NSAIDs) can often
cause gadtric irritation and Gl upset.

The presence of a renal or ureteral calculusis not a guarantee that
the patient does not have some other, unrelated medical problem
causing the GI symptons.

Acute onset of severe flank pain radiating to the groin, gross or
microscopic hematuria, nausea, and vomiting not associated with an
acute abdomen are symptoms that most likely indicate renal colic
caused by an acuteuretera or renal pelvic obstructionfromacalculus.
Renal colic pain rarely, if ever, occurs without obstruction.

In some cases, a stone may pass before the definitive imaging
procedure has been completed. In these cases, residua inflammation
and edematill may cause sometransient or diminishing obstruction
and pain even without any stone being positively identified.

NERVE BLOCK & RENAL COLIC

Nerve blocks have been used successfully in both the diagnosis and
treatment of renal colic, athough they are more helpful in chronic
thaninacute cases. Intercostal nerveblockscan beused to differentiate
pain from chondritis, neuromas, and radiculitis from true rena pain.
Thisis achieved by injecting an anesthetic agent, such as lidocaine,
around the 11th or 12th intercostal nerve proximal to the site of the
pain at atime when the patient is experiencing pain. If the injection
causes abalition of the pain, a peripheral nerve or musculoskeletal
etiology is suggested. Subsequent injections of various agents to
produce neuralysis (eg, 10% phenol or 100% absolute alcohol) have
been tried but often result in an intolerable denervation-related
discomfort.

In the mid 1950s, a study was reported in which 51 patients with
documented rend colic were successfully treated for pain using only
aunilateral posterior splanchnic nerve block. Complete relief from
pain, nausea, and vomiting was reported in all 51 patients treated.

PHYSI CAL EXAMINATION

» Dramatic costovertebra angletendernessiscommon; thispain
can move to the upper or lower abdomina quadrant as a
ureteral stone migrates distally.

e Peritoneal signs are usually absent—an important
consideration in distinguishing renal colic from other sources
of flank or abdominal pain.

e Findings should correlate with the reports of pain, so that
complicating factors (eg, urinary extravasation, abscess
formation) can be detected.

* Beyond this, the specific location of tenderness infrequently
correlates with the exact location of the stone, although the
calculusis often in the genera area of maximum discomfort

LABORATORY STUDIES
e Urinalysis
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e Evaluatlon of the urine for evidence of hematuria and
infection. Approximately 85% of patientswith urinary calculi
exhibit hematuria.

e An absence of hematuria does not rule out urinary calculi; in
fact, approximately 15% of patients with urinary stones do
not exhibit hematuria.

e Complete blood cell count. In the context of nephrolithiasis,
an elevated white blood cell count suggestsrenal or systemic
infection.

e A depressed red blood cell count suggests a chronic disease
state or severe ongoing hematuria.

e Serum electrolytes, creatinine, calcium, uric acid, parathyroid
hormone (PTH), and phosphorus studies

e These are needed to assess a patient’s current renal function
and to begin the assessment of metabolic risk for future stone
formation.

e A high serum uric acid level may indicate gouty diathesis or
hyperuricosuria, while hypercalcemia suggests either renal-
leak hypercalciuria or hyperparathyroidism.

e |f the serum calcium level is elevated, serum PTH levels are
usually obtained.

e Twenty-four—hour urine collection for levels of pH, calcium,
oxalate, uric acid, sodium, phosphorus, citrate, magnesium,
creatinine, and total volume

Metabolic Evaluation

e Thisisdesigned to provide moreinformation about the exact
nature of the chemical problem that caused the stone. This
information is useful not only to alow more specific and
effective therapy for stone prevention but also to identify
patients with renal calculi who might have other significant
health problems. Thefollowing are the objective indications
for a metabolic evaluation with a 24-hour urinaysis:

(i) Residua cdculi after surgical treatment; (ii) Initial presentation

with multiple calculi; (iii) Initia presentation before age 30 years;

(iv) Rend failure; (v) Solitary kidney (including rend transplant) ;

(vi) Family history of calculi; (vii) More than one stone in the past

year ; (viii) Bilateral calculi.

Animportant consideration in determining whether to perform a24-

hour urine study is the patient’s interest. If a patient is strongly

motivated to follow a protracted stone-prevention treatment plan

(involving diet, supplements, medications, or acombination), obtain

the study. If a patient is unlikely or unwilling to follow along-term

treatment plan, a metabolic evaluation is probably unwarranted.

Patients have to understand that stone diseaseisachronic disease. If

they do not commit to hel ping themselvesin behavior modification,

dietary changes, or medica compliance, they are prone to frequent
and possible symptomatic caculi.

Calcium, oxalate, and uric acid Elevation of the 24-hour
excretion rate of any of these 3 components indicates a
predisposition to form calculi.

e Hypercalciuria can be subdivided into absor ptive, resor ptive,
and renal-leak categories based on the results of blood tests
and 24-hour urinalysis on both regular and cal cium-restricted
diets.

¢ Depending on the specific subtype, the treatment of absor ptive
hypercalciuria may include dietary calcium restriction,
thiazide diuretics, oral calcium binders, or phosphate
supplementation. Resorptive hypercalciuriaoccursin primary



hyperparathyroidism and requires parathyroidectomy.

¢ Renal-leak hypercalciuria, which isrelatively uncommon, is
usudly associated with secondary hyperparathyroidism and is best
managed with thiazide diuretics.

e Another clinica approach to hypercalciuria, once
hyperparathyroidism hasbeen excluded with gppropriate blood tests,
isto avoid excessve dietary calcium (usua recommendation, 600-
800 mg/d) and to use thiazides. I thiazide thergpy fails, additiona
workup (eg, cacium-loading test, more thorough evaluation) may
be needed.

¢ Hyperoxaluriamay beprimary (arare genetic disease), enteric (due
to mal absorption and associated with chronic diarrheaor short-bowe
syndrome), or idiopathic. Oxdate restriction and vitamin B-6
supplementation are somewha helpful in patients with idiopathic
hyperoxauria Enteric hyperoxduriaisthetypethatismost amenable
totrestment; dietary calcium supplementation often producesdramatic
results. Cacium citrate is the recommended supplement because
citrate tends to further reduce stone formation. Calcium carbonate
supplementationislessexpensvebut doesnot providecitrate sadded
benefit. Calciumtherapy worksasan oxaaebinder, reducing oxdae
absorption from the intestind tract. Cacium should be administered
with meds, especidly those that contain high oxadate levels. The
supplement should not contain added vitamin D becausethisincreases
cacium absorption, leaving less in the intestind tract to bind to
oxadate.

¢ Hyperuricosuria predisposesto theformation of cacium-containing
calculi because sodium urate can produce malabsorption of
macromolecular inhibitors or can serve as a nidus for the
heterogeneous growth of cacium oxadaecrysas. Gouty diathesis a
condition of increased stone production associated with high serum
uric acid levels, isdso possible. Thergpy involves potassum citrate
supplementation, dlopurinal, or bath. In generd, patients with pure
uric acid stones and hyperuricemia are treated with alopurinol, and
those with hyperuricosuric calcium stones are treated with citrate
supplementation.

Sodium and Phosphorus

¢ Excess sodium excretion can contribute to hypercalciuria by
aphenomenon known as solute drag. Elevated urinary sodium
levelsare almost always associated with dietary indiscretions.
Decreasing the oral sodium intake can decrease calcium
excretion, thereby decreasing calcium saturation.

¢ An elevated phosphorus level is useful as a marker for a
subtype of absorptive hypercalciuria known as renal
phosphate leak (absorptive hypercalciuria type I11).

¢ Rena phosphate leak isidentified by high urinary phosphate
levels, low serum phosphate levels, high serum 1,25 vitamin
D-3 (calcitriol) levels, and hypercalciuria. This type of
hypercalciuria is uncommon and does not respond well to
standard therapies. The above laboratory tests are
confirmatory, but they are performed only if the index of
clinical suspicion is high. Any patient with hypercalciuria
who has alow serum phosphorus level and a high-normal or
high urinary phosphorus level may have this condition.
Phosphate supplements are used to correct the low serum
phosphate level, which then decreases the inappropriate
activation of vitamin D originally caused by the
hypophosphatemia.
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Citrate and Magnesium

e Magnesium and, especialy, citrate are important chemical
inhibitors of stone formation. Hypocitraturia is one of the
most common metabolic defects that predispose to stone
formation, and some authorities have recommended citrate
therapy as primary or adjunctive therapy to almost al patients
who have formed recurrent calcium-containing stones.

e Liquid or powder pharmacologic citrate preparations are
recommended when absorption is a problem or in cases
involving chronic diarrhea. Sustained-release tablets are
available and may be more convenient for some patients.
Concentrates of lemon juice provide an excellent source of
citrate, or, alternatively, large quantities of lemonade can be
ingested, which, of course, has the added benefit of providing
increased fluid intake.

e Potassium citrate is the preferred type of pharmacologic
citrate supplement, although a potassium/magnesium
preparation is under investigation.

e Magnesium is a more recently recognized inhibitor of stone
formation, and the clinical role of magnesium replacement
therapy is less defined than that of citrate.

Creatinine

» Creatinine is the control that allows verification of a true
24-hour sample. Most individual sexcrete 1-1.5 g of creatinine
daily.

* Values at either extreme that are not explained by estimates
of lean body weight should prompt consideration that the
sample is inaccurate.

Total volume

»  Patientsin whom stones form should strive to achieve aurine
output of more than 2 L daily in order to reduce the risk of
stone formation.

e Patientswith cystine stones or those with resistant cases may
need a daily urinary output of 3 L for adequate prophylaxis.

pH: Some stones, such as those composed of uric acid or cystine,
are pH-dependent, meaning that they can form only in acidic or
basic conditions. Although the other parameters in the 24-hour
urine usually identify patients at risk of forming these stones, pH
studies can be important in monitoring these patients or in
identifying occult stone disease in some patients.

IMAGING STUDIES

These have been detailed el sawherein this Journal;and are discussed
in brief :-

Plain abdominal radiography (also known asaflat plate or kidney,
ureter, and bladder [KUB] radiography) (a) may sufficefor assessing
total stone burden, aswell asthe size, shape, and location of urinary
calculi in some patients. (b) Calcium-containing stones
(approximately 85% of all upper urinary tract calculi) areradiopague,
but pureuric acid, indinavir-induced, and cystinecaculi arerelatively
radiolucent on plain radiography. (c) When used with other imaging
studies, such as a renal sonography or, particularly, CT scanning,
the plain film helps provide a better understanding of the size, shape,
location, and even composition of urinary stones

Renal ultrasonography

(8) Rend sonography by itsdlf is frequently adequate to determine
thepresence of arena stone. The study ismainly used in combination
with plain abdominal radiography to determine hydronephrosis or
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uretera dilation associated with an abnormal radiographic density
believed to be a urinary tract calculus. (b) A stone easily identified
with rena ultrasonography but not visible on the plain radiograph
may be auric acid or cystine stone, which is potentialy dissolvable
with urinary dkalinization thergpy. (¢) Ureterd caculi, especidly inthe
distal ureter, and stones smaler than 5 mm are not easily observed with
ultrasonography.
Intravenous urography
(@ An intravenous urography (IVU) test, dso known as an intravenous
pyeography (IVP), isthe standard for determining the size and location
of urinary calculi. IVU provides anatomica and functiond information.
A replacement imaging techniqueisbeing sought because VU isalabor-
intensveimaging study. (b) Up to 6 hours may be required to complete
the study in the presence of severe obstruction; for optima results, IVU
requires a bowel preparation; It involves intravenous injection of
potentidly alergicand mildly nephrotoxic contrast materid. (¢) Although
someauthoritieshaveadvocated substituting plain abdomind radiography
plus rend ultrasonography for IVU, ahdica CT scan without contrast
materid iscurrently believed to be the best radiographic examination for
acuterend colic. (d) The so-cdled delayed nephrogram onthe IVU is
oneof thehdlmark signs of acute urinary obstruction. The rdative delay
inpenetration of intravenous contrast passing through an obstructed kidney
dicitsthissgn. Thekidney gppearsto develop awhitish color, and contrast
appearance within the collecting system of the affected rend unit is
sgnificantly delayed. (€) ThelVU ishdpful inidentifying the specific
problematic stone among numerous pelvic cacifications and for
establishing that the other kidney isfunctiond. These determinationsare
particulaly helpful if the degree of hydronephrossis mild and the CT
<can findings are not definitive.
Helical CT scanning without contrast material
a) Technologicd advancesin CT scanning dlow imaging of the entire
abdomenin asingle breath hold; (b) When performed with thin cutsand
without intravenous contrast meteria, CT scanning is the most sengtive
clinical imaging modality for calcifications. Even cdculi that are
radiolucent on a plain radiograph (except for indinavir-induced stones)
are dlear and digtinct on a CT scan. (¢) Contrast is not used because it
meakes the entire urinary collecting system appear white on the study,
thusmaskingthestones. d) At most ingtitutionsthat offer thisexamination,
CT scanning has replaced or is replacing I\VVU for the assessment of
urinary tract stone disease, especidly for acute rend colic. €)
Adding plain radiography to noncontrast CT scanning increases the
vaueof thestudy by dlowing visudization of thesize, shape, andrelaive
position of the stone. Visudization isespecidly useful if surgery isbeing
congdered. It isextremey helpful in observing the patient because only
KUB radiography may be needed later to determine if the stone has
moved or passed. A lucent stone on the KUB radiograph thet is clearly
visble on the CT scan may indicate auric acid calculus. Thissuggestsa
different diagnosisand thergpy (alopurinol and/or urinary dkalinization)
then for a calcium tone. For these reasons, many indtitutions routingly
perform KUB radiography whenever arend colic noncontrast CT scan
is performed.
e Advantages of a CT scanning include the following:

e It can reveal other pathology (eg, abdominal aneurysms,

appendicitis, cholecystis).

e It can be performed quickly.

e It avoids the use of intravenous contrast materials.
¢ Disadvantages of CT scanning include the following:

e It cannot be used to assess individual renal function.

e [t canfail to reveal some unusual radiolucent stones, such
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as those caused by indinavir, which are invisible on the

CT scan. Because of this possibility, IVUs with contrast

should be used for patients taking indinavir.

e At mostingtitutions, CT scanning is still more expensive

than IVU.
e Plain renal tomography
Although largely replaced by helical CT scanning without contrast
(when available), plain rena tomography is often helpful in finding
small stones in the kidneys, especidly in patients who are large or
obese whose bowel contents complicate observation of any renal
cacifications. Tomography does not require extensive preparation
and can be performed quickly. Plain renal tomography ismost useful
when monitoring a difficult-to-observe stone after therapy or for
clarification of stones not clearly detected or identified with other
studies. It isaso useful in determining the number of stones present
in the kidneys before a stone-prevention program is ingtituted. This
information is used to better differentiate stones formed before
therapy began from those formed later.

NUCLEAR SCINTIGRAPHY

Bisphosphonate markers can identify even small calculi that are
difficult to appreciate in plain films.

RETROGRADE PYELOGRAM (RGP)
Delineatesthe upper urinary tract anatomy and locaisessmall calculi.
MRI-MRU

¢ MRI not avery good investigation.
¢ MRU — may help in difficult cases/ collecting system
abnormalities.
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RADIOLOGICAL INVESTIGATIONS IN UROLITHIASIS

Sapna Singh, Veena Chowdhury
Department of Radiology, Maulana Azad Medical College & Associated Lok Nayak and G.B. Pant Hospital,
New Delhi- 110002, India

Abstract : Radiological investigationsplay a key rolein diagnostic work up of uralithias's. While conventional investigationslike
Xray KUB, USG and I VP are dill considered essential for diagnosis ,newer modalitieslike CT Urography and MR Urography
have increased the sengtivity and specificity of diagnostic work up. Decision on the appropriate radiological investigation is
usually based on several factors which include the pretest probability of the disease, the prevalence of the disease, the accuracy
of the test, the potential risks of the test and the discomfort it causes to the patients & the cost; theideal test should improve the

patient’s treatment by providing answers to the clinical questions.

Acute flank pain or acute rend colic, secondary to urolithiasis, isa
common problem in patients presenting to the emergency unit of a
hospital and majority are between 30 and 60 years of age. Men are
affected three times more often than woment.

X-RAY KUB

A plain film of the abdomen/X-ray KUB is usually the first
radiologicd investigation performed in these patients. Thediagnostic
accuracy of the plain film for the detection of urinary tract calculus
depends on the chemical composition of the stone, its size, location,
overlying bowel gas shadows and technical quality of the film.
Approximately 90 percent of urinary stonescontain calcium (calcium
oxalate, magnesium ammonium phosphate) and 10 percent are
cacium free (uric acid, cystine and xanthine)?. Although 90% of
urinary tract calculi areradio opaque, only 59% of urinary stonesare
visible on abdominal radiographs®.

Bowel gas or extrarenal calcification may lead to calculi being
overlooked or obscured. In addition the ribs, transverse processes
and the sacrum may obscure urinary tract calculi. Thecortical margin
of the lateral edge of the transverse process may mimic a ureteral
caculus and can be particularly confusing. Common calcifications
inthe abdomen need to be distinguished from rend caculi. Gallstones
need to be distinguished from rena calculi. Gallstones are large with
a characteristic ovoid shape. However, renal calculi in a calyced
diverticulum or an obstructed portion of the collecting system may
mimic gallstones. In such cases a latera or oblique radiograph of
theabdomen helps. Onthelatera view, thegallstonesliein an anterior
location whilerenal calculi remain in amore posterior location (Fig.
1 A & B). Pancrestic calcification of chronic pancredtitis often
involves the entire gland and this helps to distinguish these
cacifications from renal stones. Calcification of the costd cartilage
of theribs and arteria calcification is usudly linear which helpsto
separate them from renal stones. Mesenteric nodes have a
characteristic mottled appearance. The calcifications most often
confused with ureteric calculi are phleboliths. Typically phleboliths
are rounded have a central lucency and are seen in the true pelvis
often below the distal ureter.

RADIODENSITY OF THE VARIOUS

TYPES OF CALCULI ON KUB

A careful examination of the shape and density of the calculi may
provide a clue to the chemical composition of the calculus.

Calcium Stones
Calcium oxalate and calcium phosphate stones crystalize when the

Fig. 1 A & B: Plain abdominal radiograph AP view(A) showing a densely
calcified left renal stone and the lateral film(B) showing the calculus to lie
posteriorly overlying the spine.

product of the two ions exceeds the solubility of the product.
Hypercalcemiais acommon cause of hypercalciuriaand may result
from a variety of metabolic processes. Hypercalciuria may be
idiopathic and this is probably the most common cause of
nephrolithiasis. Pure calcium phosphate and calcium monohydrate
stones are the densest per volume of stone. (Fig. 2A &B) Thisfactis
important since these stones are less amenable to ESWL. Cacium
oxaate dihydrate stones are considered fragile and have aspiculated
or mulberry / dotted configuration.

Fig. 2A & B: Plain abdominal radiographs showing densely calcified right
renal stones (different patients) suggesting calcium containing stones.

Correspondence: Prof. Veena Chowdhury, Director, Professor & Head of Department, Maulana Azad Medical College & Associated Lok
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Infection stones

Magnesium ammonium phosphate (struvite) stones are usually
infectious based stones and grow to become large branched calculi.
(Fig. 3,4) These stones form in part due to urinary infection with
bacteriathat harbour aurea splitting enzymethat causes alkaization
of the urine which favours stone formation. The calcium phosphate
component often layers on the struvite and leads to a laminated
appearance. Although these stonesare easily fragmented with ESWL,
their large size and infectious aetiology often precludes successful
ESWL treatment®.

Fig. 3: Plain abdominal radiograph
showing a branched calculus/ staghorn
calculus on theright side.

Fig. 4: Plain radiograph showing bilateral
branched infection based struvite calculi

Cystine stones

Cystine stone contains no calcium and are rendered radio-opaque
by their sulfur content. They are less opague than calcium stones of
acomparable sizeand have ahomogeneousdensity. Thisappearance
is described as opalescent or ground glass. (Fig. 5)

Fig. 5: Plain X-ray showing a calculus in
the left kidney. The stone has homogeneous
density and hasa ground glass or opal ascent
appearance suggesting cystine stone

Uric acid stones

Uric acid stones account for the majority of lucent stones. They are
easily seenon CT.
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Xanthine stones

Thesestonesarere atively radiolucent becausetheir density issimilar
to uric acid stones.

Matrix stones

Matrix stones are composed primarily of coagulated mucoids with
little crystalline component. They arefound in patients with proteus
infection. Matrix stones are relatively radiolucent and may be
confused with uric acid calculi®.

Composition of Renal Calculi and Radio Opacity (5)

Composition Frequency (%) Radio opacity
Pure Calcium Phosphate 10 4
Mixed Calcium Phosphate oxalate 40 3-4
Pure calcium oxalate 30 3
Struvite 10 2-3
Cystine 1 1
Uric acid 10 0

Fig. 6: Plain X-ray showing bilateral renal
and left ureteric calculi. Calculi are seen in
both the renal areas, opposite the transverse
process of L, vertebra on the left side and
overlying theleft sacral ala suggestive of |eft
ureteric calculi.

Calculi in the ureters can be difficult to visualize on plain X-raysin
view of the fact that third of the ureter may overlie bone. (Fig. 6)
Levine et a retrospectively reviewed abdominal radiographs and
CT scans of 178 patients who had acute flank pain and found that
abdominal radiographshad asengitivity of 45% to 59% and specificity
of 77% inthedetection of urinary tract calculi®. Levine and collegues
found that the mean size of stones seen on abdominal radiographs
was 4.2 mm and the mean size of stones not visualized was 3.1 mm?®
Zagoria and colleagues found that 79% of calculi larger than 5mm
and 95% of calculi with CT attenuation greater than 300 HU were
detectable on conventional radiographs’. Stones composed purely
of uric acid are not detectable on plain radiographs regardiess of
size. Phlebolithsmay beimpossibleto distinguish from ureteral stones
by abdominal radiography aone, athough radiographic findingssuch
as central lucency or anatomic position may allow differentiation of
these structures from true ureteric calculi.

Nevertheless, plain films are still good as baseline study and for
follow-up of stone disease post —treatment. (Fig.7) The plain X-ray
has the advantages of low cost, low radiation dose and wide
availability.

Fig. 7: Plain radiograph showing aradio-
opacity below the symphysis pubis
suggestive of a urethral calculus.
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INTRAVENOUS UROGRAPHY (1V) /
EXCRETORY UROGRAPHY (EU).

Excretory urography is performed for thelocalization of the calculus
and for the function of kidneys. The site, size, anatomy of the
pelvicaycea system can be clearly defined. The calculi are seen as
filling defects within the opacified calyced system. (Fig. 8A & B)
Urography isalso useful for theradiolucent calculi which aremissed
on the plain abdominal radiographs. The presence/ absence of
obstruction and the degree of obstruction if present can be clearly
demonstrated on a urogram study®.

Fig. 8A & B : Plain X-ray(A) showing a radio-opacity in theright renal area
suggestive of right renal calculus. Excretory urogram(B) showing the calculus
asafilling defect in theright renal pelvis. Thereismild back pressure change
seen as loss of normal cupping of the calyces.

The earliest urographic change in hydronephrosis is a flattening of
thenormal concavity of the calyx and blunting of the sharp peripheral
angle produced by the papilla. The pelvis enlarges gradually with
increasing or prolonged obstruction but pelvisand calycedl dilatation
are not necessarily parallel. (Fig.9) The next calyceal change isthat
of “clubbing” in which the concavity produced by the papilla is
reversed.(Fig. 10 A and B) Cayces then gradually enlarge with
progressive destruction of the parenchyma and enlargement of the
collecting system until the kidney becomes a nonfunctioning
hydronephrotic sac in which the normal anatomy is obliterated®.

Fig. 9: Excretory urography filmshowing
moderate hydronephrosis of the right
kidney evidenced by loss of the normal
concavity of the calyx and blunting of the
angle produced by the papilla owing to
the calculus in the right renal pelvis
obscured by contrast. The left
-— pelvicalyceal systemis normal.

Renal function may be greatly diminished in severe hydronephrosis
and there is accumulation of opaque material in the parenchyma
adjacent to the grosdly dilated calyces. Thisforms crescentic areas of
faint opacification termed the crescent sign of hydronephrosis. In
long standing chronic obstruction, there is gross pyelocalyceal
dilatation with non-visuaized kidney on urogram and obstructive
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atrophy.

In patients with rena or ureteric colic, there is usualy delayed
excretion by theinvolved kidney. With the acute obstruction produced
by the passage of a ureteric stone the intrapelvic pressure increases
to the point at which there is decreased glomerular filtration of the
contrast material. Increased density of the kidney (nephrogram) is
due to the ongoing tubular water reabsorption in the nephrons
resulting in an increased concentration of the opacified urine.
Eventually thereissomeopacification of thecalyces, pelvisand ureter.
It is important to take delayed films when prlonged nephrogram is
seen on the IVU images. The delayed films will show enough
opacification to visuaize the Site of the obstructing ureteric calculus
and confirmits presence within the ureter. (Fig. 11 A and B) IVU has
ahigher sensitivity and specificity than an abdominal radiograph in
diagnosing urinary caculus disease as the cause of acute flank pain.
(64% versus 97% and 92% versus 94% respectively)®. VU hasthe
advantagesof providing exquisiteinformation about the pelvicaycea
system anatomy and provides physiologic information about the
kidneys. However it doesnot provideinformation about the extrarend
structuresand extrarena pathology. Also, thereisneed of intravenous
contrast administration and hence the risk of contrast reactions. It is
not the modality of choice in renal failure, contrast induced
nephropathy and pregnant patients.

Fig. 10 A& B: Plain radiograph(A) showing a radio density in the left pelvis
at thelevel of theischial spine SO lower left ureteric calculus. Theleft kidney
shows marked hydronephrosiswith clubbing of the calyces seen on the excretory
urogram(B) in the patient.

In patients with renal or ureteric colic, there is usualy delayed
excretion by theinvolved kidney. With the acute obstruction produced
by the passage of a ureteric stone the intrapelvic pressure increases
to the point at which there is decreased glomerular filtration of the
contrast material. Increased density of the kidney (nephrogram) is
due to the ongoing tubular water reabsorption in the nephrons
resulting in an increased concentration of the opacified urine.
Eventually thereissomeopacification of thecalyces, pelvisand ureter.
It is important to take delayed films when prlonged nephrogram is
seen on the IVU images. The delayed films will show enough
opacification to visuaize the site of the obstructing ureteric calculus
and confirmits presence within the ureter. (Fig. 11 A and B) IVU has
ahigher sensitivity and specificity than an abdominal radiograph in
diagnosing urinary calculus disease as the cause of acute flank pain.
(64% versus 97% and 92% versus 94% respectively)®. IVU hasthe
advantagesof providing exquisiteinformation about the pelvicaycea
system anatomy and provides physiologic information about the
kidneys. However it doesnot provideinformation about the extrarena
structuresand extrarena pathol ogy. Also, thereisneed of intravenous
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contrast administration and hence the risk of contrast reactions. It is
not the modality of choice in renal failure, contrast induced
nephropathy and pregnant patients.

Fig. 11 A& B: Plain X-ray(A) showing a radio density below the sacral ala on
the left side So left ureteric calculus. Excretory urogramimage(B) showing a
dilated collecting system and ureter with evidence of the radio opacity within
the lumen of the left ureter.

Ultrasound / Sonography

A rend caculus may be seen as a highly reflective focus with a dista
acoudtic shadow. (Fig.12 A to C) The compastion of the stone has no
effect onwhether itisseen, uratetonesbeing aseesy toidentify ascacified
stones. (Fig. 13Ato C) Thelarger theca culusthebetter isthevisudization
but caculi as smdl as 5mm can be identified sonographicaly®. Caculi
aremoreeasly detected in adilated collecting sysem. Ultrasoundisadso
helpful in demonstrating obstruction of the collecting system. Although
the degree of ureteropelvocdiectass from an acute ureterd obstruction
may bemild, it canusudly bedistinguished fromnormd collecting system
inpatientswith flank pain dueto acuteinfections. Furthermore, thedilated
ureter can befollowed to the point of obstruction and the soneidentified.
(Fig. 14) Cdculiintheupper andthelower ureter aremoreeasily identified
as compared to caceuli inthe mid ureter.( Fig. 15A and B) .

lﬂll"-

Fig. 12 A, B & C : Plain X-ray(A) showing a calculus in the left kidney.
Excretory urogram(B) demonstrates the calculus in the left renal pelvis as a
filling defect. Sonogram image( C) showing the left renal calculus as a highly
reflective focus with distal acoustic shadow in the renal pelvis.
Ultrasonographic evaluation of the ureterd jets correlates inversely
with the degree of ureteral obstruction. With high degree of
obstruction there may be no detectable jet™. In fact, the combination
of plain abdomina radiography and sonography is reported to be
virtually aseffective asexcretory urography in diagnosing stones.(Fig.
16 AtoB).

Fig. 13A, B & C: Plain film(A) showing a staghorn calculusin theright renal
area. The staghorn cal culusis obscured by contrast on the urogramimage(B).
No significant back pressure changes seen in the right kidney. Sonography(C)

demonstrates dense acoustic shadowing from the renal sinus owing to the
staghorn calculus filling the collecting system.
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Fig. 14 Sonogram image showing a upper ureteric calculus with proximal
hydronephrosis.

Fig. 15 A& B: Plain X-ray(A) reveals a faint radio opaque shadow opposite
thetransverse process of the L, lumbar vertera on theleft side Soleft ureteric
calculus. Excretory urogram(B) showing the calculus as a filling defect in the
mid- ureter. Sonography failed to demonstrate the calculus.

f

Fig. 16 A & B: Urogram image(A) showing left hydronephrosis and left
hydroureter. Sonogram (B) showing a calculus at the left uretero vesical
junction.

Ultrasonography, alone or combined with conventiona radiography,
has been compared with unenhanced CT. Sheafor in 2000 compared
CT and ultrasound and found that CT depicted 22 or 23 uretera
caculi (sengtivity 96%). Ultrasound depicted 14 of 23 ureteral calculi
(sendgitivity 61%)™. CT can give arapid and definitive diagnosis of
urinary calculus disease as well as other abdomina disorder with
the same presentation. Sonography is often used asthefirst imaging
procedure in patients where radiation is to avoided e.g. pregnant
women and in the paediatric age group.

Computed Tomography (CT)
It has been established unequivocally that multidetector CT (MDCT)
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is the most sengitive and specific test for the diagnosis of urinary
tract caculi. Fielding et al have reported a98% sensitivity and 100%
specificity’?. Niall et al have reported a sensitivity of 100% and
specificity of 92% in the detection of urolithiasis®. A non-contrast or
unenhanced CT has been demonstrated to be the most accurate and
efficient diagnostic imaging means to evaluate urinary lithiasis.
CT Stone Study

No preparation is necessary and because no contrast isused there are
virtudly no contraindications to performance of enhanced CT but
the possibility of pregnancy must be addressed in women. No
intravenous (i.v.) or oral contrast medium is indicated for the study
as dense oral contrast in the bowel and contrast in the vessels can
make detection of ureteral stones difficult. Using MDCT, thin
collimation (3-5 mm) non-contrast scans are obtained through the
abdomen from the superior aspect of the kidneys (or from the dome
of the liver) through the inferior aspect of the bladder base or pubic
symphysiswithin seconds. Regardless of the cal cium content almost
all urinary tract calculi are radio-opague on the non-contrast scans.
Reconstructed image such a MPR and CPR are useful in
demonstrating the exact location of the stones and their relationship
to the ureter. Non contrast CT is aso helpful in detecting non
obstructing calculi in patients who have hematuria. Stone sizeisthe
single most reliable indicator of stone passage and can be measured
accurately on CT*. (Fig.17)

CT signs of a Ureteral Stone (5)

PRIMARY SIGN

Homogenous dengity in ureter lumen
SECONDARY SIGNS

Unilatera hyronephrosis

Unilateral hydroureter

Enlarged kidney

Perinephric stranding

Periureter oedema

Unilateral loss of white rena pyramids

Themost specific diagnostic finding of urolithiasisistheidentification
of astone within the ureter. The second important finding isthe“rim
sign,” seen as 1 to 2 mm of soft tissue thickening around the stone
secondary to ureteral wall edema at the site of stone impaction®.
(Fig.18) Other secondary CT findings of urolithiasis are dilatation of
theureter or collecting system, asymmetric enlargement or decreased
density of the kidney, and perinephric stranding. Renal edema from
obstruction resultsin loss of the hyperdense pyramid (white pyramid
sign) and the attenuation of the parenchymaon the obstructed sideis
5 to 14 HU less than on the normal side, an objective finding of
obstruction®®. (Fig. 19)

Fig. 17: Non contrast CT
showsaradiodense focus
at the right uretero
vesical junction
suggestive of a calculus.
The  calculus is
measuring 6 mmin size.
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Fig. 18 : Non contrast CT scan
showing a calculus in the left
midureter with a soft tissuerim
around it consistent with the
“rimsign” seeninacalculus.

Fig. 19: Non contrast CT
showing a hydronephrotic left
kidney with attenuation of the
renal parenchyma on the left
side 10 HU lessthan that of the
contralateral right side, an
objectivefinding of obstruction
on the left side.

Some degree of uretral edema and thickening can be seen if astone
already has passed into the bladder. To decide whether or not adistal
ureteral stoneisintheureterovesical junction or inthe bladder, prone
position imaging can be useful.

Pelvic phleboliths, arterial vascular calcification, calcified vas
deferens, and acal cified appendicolith can be considered adifferentia
diagnosisof ureteric calculi. Phleboliths often show acentral lucency,
whereas true calculi are as dense or more dense at the center than at
the periphery. Another useful sign for diagnosing phleboalith is the
comet-tail sign, which isalinear or curvilinear soft tissue structure
represented by the noncalcified vessdl, extending from an abdominal
or pelvic calcification; its positive predictive value for phlebalith is
100%.

Another advantage of CT is its ability to detect nongenitourinary
and non stone disease which may be the cause of pain such as
appendicitis, diverticulitis biliary colic etc®.

MULTIDETECTOR CT UROGRAPHY

(MDCTU)

Multidetector CT urography may be defined as the examination of
the urinary tract by MDCT in the excretory phase following
intravenous contrast administration. ( Fig. 20 to 22)

Fig. 20 : Volumerendering (VRT) technique displaying theentireurinary tract.
Thistechnique takes the entire volume of data and displays anatomic structures
with different levels of opacity / attenuation.
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MDCTU PROTOCOL

Themost commonly used MDCTU protocol comprisesathree phase
protocol, which consists of an initial unenhanced phase, a second
phase following the administration of non-ionic contrast material
(2100 — 150 ml of 300 mg/ml iodine concentration at arate of 2-4 ml
/ second) acquired following 90 — 100 sec delay aso known as the
nephrographic phase. This phaseisfollowed by pyelographic phase
contrast taken 12 — 15 minutes following contrast to evaluate the
urothelium from the pelvicalycea system to the bladder®. A four
phase protocol consists of two excretory phases (5 mintuesand 7.5
minutes) to optimize ureteric distension and opacification. However,
because of radiation dose a three phase protocol is considered
sufficient.

Fig. 21: Normal CT urogram image using
maximum intensity projection (MIP) with
bone editing displaying the entire urinary
tract.

Fig. 22: Normal CT
urogram image using
volumerendering with bone|
editing displaying theentire
urinary tract.

Split bolus MDCT urography with synchronus nephrographic
and excretory phase enhancement:- Chai and colleagues have
proposed the use of a split bolus technique in place of a single
intravenous injection to facilitate a two phase protocol, namely an
unenhanced series of images, and a second phase in which
nephrographic and pyel ographic phases are smultaneoudly acquired
called the “ nephropyel ographic” phase®®. With this protocol, after the
initial non-contrast administration, 30 CC of non — ionic contrast
materia isinfused intravenously and the patient is removed from the
CT table. The patient is encouraged to walk for 10 minutes. 10 — 15
minuteslater, the patient isplaced inthe CT tablein the prone-position.
A dynamic contrast enhanced CT is then performed following the
administration of an additional 100 cc of non—ionic contrast materia
(300mg/ ml injected at 2 cc/second) following adelay of 100 seconds.
Thus in a single “nephropyelographic phase” acquisition, the renal
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paremchyma (nephrographic phase) and the collecting system, ureters
and bladder (pyelographic phase) are assessed. The main objective
with MDCT urography is to detect all possible causes of hematuria
while using the lowest possible radiation dose to the patient. (Fig. 23
A and B) The split bolus technique has the potentia to reduce both
radiation dose and the number of images generated by MDCT
urography?.

Techniquestoimprove urinary tract distension and opacification have
been done to achieve adequate opacification and distension of the
pelvicaycea system and ureters.

Fig23 A& B: CT urogram using MIP technique (A) depicting a calculus at
the pelviureteric junction on the right side and a calculusin the proximal left
ureter. There are backpressure changes on both sides. VRT image (B)
displaying the same.

CT urography is very useful in urinary calculi as it Smultaneously
evaluatesthefunctiona status of the kidney, detects dilatation of the
pelvicalyced systemaswell asthelevel and cause of obstruction.(Fig.
24Ato C) and (Fig. 25Ato C)

Fig. 24 A, B & C: Noncontrast axial CT (A) showing a radiodensity at the
right ureterovesical junction (UV junction) s/o calculus. Curved MPR image
after contrast opacification (B) depicting the calculus at theright UV junction
with proximal hydronephrosis and hydroureter. CT urography using MIP (C)
image showing the dilated hydroureter and hydronephrosis proximal to the
calculus. The normal non dilated pelvicalyceal system and ureter is seen on
the left side.

ZIA

Fig. 25 AB & C: Noncontrast CT (A) depicting a left ureteric calculus. CT
urogram using volume rendering (B, C) shows the pelvicalyceal system to be
bifid and the calculus in the upper left ureter.

CT AND CT UROGRAPHY

CT and CT urography have an increased radiation burden as
compared with abdominal radiography. In astudy by Pfister et a the
mean applied radiation doses were 3.3 mSv for IVU and 6.5 mSv
for unenhanced helical CT?. Lack of diagnostic accuracy however,
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hasled the radiologists to consider VU aless optimal choicefor the
initial imaging in acute abdominal or flank pain.

The radiation dose can be substantially reduced by decreasing
milliamperes without decrease in diagnostic accuracy. Increase in
pitch also lowers dose in CT examination?.

DUAL SOURCE CT IN THE CHEMICAL
COMPOSITION OF URINARY TRACT
CALCULI

With dual source CT the two X-ray tubes can be set at different
energiesKvpi.e. a 80 Kvp and 140 Kvp and dual energy scans can
be acquired concurrently. Uric acid and non uric acid stones behave
differently with respect to their attenuation values when scanned
with CT at different energies. A specid software is available with
dual source CT scanners that takes advantage of these differences
and uses a decomposition agorithm to differentiate between the
various caculi. Accurate determination of the chemical composition
of caculi can lead to a quicker and more accurate treatement e.g.
uric acid stones can be treated with oral dissolution medication and
hydration while non-uric acid stones require surgica treatment.

MR UROGRAPHY

MR urography congtitutes the evaluation of the collecting system
and urinary tract. Itisbased on the principle that smplefluids, such
as urine have very long T2-relaxation time and heavily T2-weighted
pul se sequence generateimageswith high signal intensity from static
fluid in the collecting system whereas lower signa intensity from
parenchymal tissueis suppressed. It is performed using heavily T2-
weighted images such as rapid acquisition with relaxation
enhancement (RARE) and haf fourier acquisition single-shot turbo
spin-echo (HASTE) sequences. These sequences are extremely fast
and are performed in one breathhold. The fat in the background is
suppressed. Thisisuseful in patientswhere use of ionizing radiation
or iodinated contrast materia is to be avoided. A T1 weighted
gadolinium enhanced 3D FLASH sequence is used after a contrast
injection of 0.1mmol/kg and multiple thin sections are obtained.
These are processed with maximum-intensity-projection to produce
images similar to conventional contrast urography and provide
quantitative functional as well as high resolution anatomical
information. Low doses of a diuretic agent can be administered
beforethe examination for better filling of the pelvicalcycea system.
Magnetic Resonance Urography (MRU) is an ided technique in
pregnancy, where there is contrast alergy, rena failure patients and
if radiation doseisanissue(Fig 26 A & B). Thelevel of obstruction
is aways identified, however, it is poor in the detection of urinary
calculi specialy thoselessthan4mminsize. Urothelid lesions, blood
clots and debris can mimic caculi®.
Decisionontheappropriateradiologica investigationisusually based
onseveral factorswhichincludethe pretest probability of the disease,
the prevalence of the disease the accuracy of the test, the potential
risks of the test and the discomfort it causesto the patients & the cost
the idea test should improve the patients treatment by providing
answers to the clinical questions.
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Fig. 26 A & B: T1 post gadolinium fat suppressed coronal (A) and MIP (B)
MR urogram image showing a renal calculus on right side as a hypointense
filling defect and | eft hydroureteronephrosisdueto a stricturein the left ureter.
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MEDICAL MANAGEMENT OF UROLITHIASIS -

A SSMPLIFIED APPROACH

OP Kalra, Dinesh Bansal
Department of Medicine, Division of Nephrology, University College of Medical Sciences and
GTB Hospital, Delhi-110095, India

Abstract : Although Extracorporeal Shock-Wave Lithotripsy (ESWL), Percutaneous Nephrolithotomy (PCNL) and Uretero-
renoscopy (URS) have considerably reduced the morbidity of stone disease, the incidence of stone recurrenceis not altered
by removal of stones. In contragt, a variety of medical treatments can prevent recurrence of stones. A detailed diagnostic
work up isan essential prerequisite for medical management Dietary modifications like high fluid intake and animal protein
restriction are necessary for any type of stone disease. Specific modalities like potassium citrate, thiazide diuretics, allopu-
rinol and treatment of infections might help in preventing recurrent stone disease in specific situations

INTRODUCTION

Urolithiasis denotes stones originating anywherein the urinary tract,
including the kidneys and bladder. Kidney stonesform asaresult of
physicochemical or genetic derangements|eading to supersaturation
of the urine with stone-forming salts or, less commonly, from
recurrent urinary tract infection with urease producing bacteria. In
contrast, bladder stonesform amost exclusively asaresult of urinary
stasis and/or recurrent infection due to bladder outlet obstruction or
neurogenic bladder.

In the United States, the incidence of urinary stone disease is about
12% in men and 7% in women, and evidence suggests that these
numbersareincreasing. For patientswho form stones, thelikelihood
of recurrence is nearly 50% within five years and up to 95% over a
lifetime'. After the first recurrence, the subsequent relapse risk is
increased and the interval between recurrences gets shortened?.
While rarely fatal, urolithiasis causes substantial morbidity. In
addition to the pain and suffering of an acute stone event, treatment
incurs substantial costs, and additional costs result from the time
lost fromwork, asmany individua sareaffected during their working
years. Although Extracorporea Shock-Wave Lithotripsy (ESWL),
Percutaneous Nephrolithotomy (PCNL) and Uretero-renoscopy
(URS) have considerably reduced the morbidity of stone disease,
theincidence of stonerecurrenceisnot atered by remova of stones®.
In contrast, a variety of medical treatments can prevent recurrence
of stones”.

A meta-analysis of randomized medical therapy triads has shown
that drug and dietary therapy can reduce the risk of urinary stone
recurrence by 22.6%°. Hence, to reduce considerable morbidity and
cost associated with treating recurrent urolithiasis, efforts should be
directed at identifying the underlying pathophysiology and instituting
appropriate general and specific preventive measures.

COMPOSITION OF STONES

Seventy percent of all renal stones primarily contain calcium, and
approximately 26% of cal cium stones are composed of purecalcium
oxalate, 35% are composed of calcium oxalate and calcium
phosphate, and approximately 5 to 10% are composed of calcium
crystallized around a uric acid core®. Approximately 5 to 10% of
renal stonesare composed of pure uric acid. Magnesium ammonium
phosphate or struvite stones account for approximately 10 to 15%

of stones and are more commonly found in women than in men.
These stones are formed in urine infected with urease-producing
organisms such as Proteus or Morganella. Cystine stones account
for 1 to 2% of kidney stones and are found in patients who suffer
from autosomal recessive cystinuria
Prevalenceof varioustypesof urinary stonesin Indiaisasfollows”:
- Calcium oxalate stones - 93.04%
- calcium oxaate monohydrate (COM)-80%
- calcium oxaate dihydrate (COD) - 20%
- Struvite -1.42% and
Apatite -1.80%.
Uric acid stones - 0.95%
Mixed stones (COM + COD and calcium oxalate + uric acid,
calcium oxalate + calcium phosphate, and cal cium phosphate
+ magnesium ammonium phosphate) - 2.76%
A total of 89.98% of staghorn stones are made of oxalates
(COM/+COD) and only 4.02% are struvite.

DIAGNOSTIC WORK UP OF

UROLITHIASIS

There is paucity of reliable prospective data that can be used to
formulate a definitive outcomes-based approach to managing the
patient who has had one kidney stone. Several authors suggest that
minimal investigations be performed in patientswith their first stone
provided no signs of infection or obstruction are present®°. A
reasonable approach for alow risk patient would include a detailed
history and physical examination (although specific cluesare seldom
noted on physica examination), selected laboratory tests, urinalysis
and culture, review of any radiographs, and stone analysis (Table 1
and Fig. 1). For patients at high risk, an extensive evaluation should
be done.

Table 1. Evaluation of a patient with a first kidney stone episode

Complete history, with emphasis on:
Family history
Occupation and hobbies that may predispose to
dehydration
Dietary history

Correspondence: Prof. O.P. Kalra, Department of Medicine, Division of Nephrology, University College of Medical Sciences and GTB

Hospital, Delhi-110095, India
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Fluid intake (types and volumes of fluids ingested)
Nonprescription medications (calcium supplements,
vitamins, antacids)
- Infection/systemic disease/abdominal surgery
Physical examination
Laboratory evaluation
Stone analysis (if retrieved)
Urinalysis/culture
Serum electrolytes, calcium, phosphate, uric acid, and
creatinine levels
Abdominal radiograph (kidney, ureter, and bladder)
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Fig. 1. Evaluation and management of a patient with kidney stones

After the diagnosis of urolithiasis and the implementation of
appropriate initial management of the stones, the physician should
evauate the patient for the possibility of recurrence.

BIOCHEMICAL INVESTIGATIONS

Urine examination
Examination of urine is important in evaluation of patients with
urolithiasis. A number of aternative options for collection of urine
sample are available. The choice is influenced by the parameters
being measured.A collection of urine without HCI is necessary for
pH measurement. In this respect, a sample collected with sodium
azide is useful. A night-time urine sample in which pH is measured
soon after the urine has been collected is useful because the pH may
be atered when urine is stored. A pH above 5.8 in fasting morning
urine raises the suspicion of incomplete or complete rena tubular
acidosis. Inthesamefasting morning or spot urinesample, bacteriuria
and cystinuria can be checked by an appropriate test.
The recommendation to collect two urine samples is based on
observations that such an approach will increase the likelihood of
detecting urine abnormalities. It must be emphasized that the urine
sample used for anaysis of calcium, oxalate, citrate and phosphate
hasto beacidified, preferably with HCI. Thereasonsfor acidification
ae
e Tomaintain calcium, oxalate and phosphatein solution, during
and after the collection period.
e To prevent bacterial growth and the associated alteration of
urine composition.
e To prevent in-vitro oxidation of ascorbate to oxalate.
The variables that can be analyzed in the acidified sample include
calcium, oxalate, citrate, magnesium, phosphate, urea, sodium,
chloride and potassium. Although the creatinine concentration might
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be dightly affected, it has to be assessed in the same sample when
cregtinine-related variables are used. In acidified samples, uric acid
precipitatesand hasto bedissolved by akainization, if urateexcretion
isof interest. Urate can be anayzed in samples collected with sodium
azide.

Serum investigations

The purpose of analyzing serum or plasma calcium is to identify

patientswith hyperparathyroidism or other conditionsassociated with

hypercalcaemia. In the case of a high calcium concentration (>2.60

mmol/L), the diagnosis of HPT should be established or excluded

by repeated calcium analyses and assessment of the parathyroid

hormone level. High serum urate level together with a radiolucent

stone supports the suspicion of a uric acid stone. The aim of adding

serum potassium, pH, bicarbonate and chloride to the biochemical

analysis is to obtain further support for the diagnosis of suspected

rend tubular acidosis.

Analysis of stone composition

Stones that pass spontaneousdly, are removed surgically, or excreted

as fragments following disintegration, should be subjected to stone

analysis to determine their composition’®. The preferred analytical

procedures are X-ray crystalography and infrared spectroscopy. All

patients should have at least one stone analyzed. Repeated analysis

isindicated if changes occur in urine composition, due to medical

treatment, dietary habits, environment or diseases, can be expected

to have influenced the stone composition. When stone or stone

materia has not been retrieved, conclusions on stone composition

may be based on the following observations:

e Qualitative cystine test

e Bacteriuria/urine culture

* Demonstration of crystals of struvite or cystine upon
microscopic examination of the urinary sediment

e Serum urate

e UrinepH (low in patientswith uric acid stones, highin patients
with infection stones)

» Radiographical characteristics of the stone

An appropriate quantitative or semi-quantitative analysis of the stone

materia should enable conclusions to be drawn regarding the main

condtituent or congtituents.

TREATMENT OPTIONS TO PREVENT
RECURRENT UROLITHIASIS

The medical therapy consist of two parts:

Dietary modification

Selective treatment of individual risk factors.
Dietary Modification
All patients of stone disease are advised to follow the dietary
modification irrespective of normal investigation reports.
High fluid intake
Patient is advised to measure urine output once a week and then
adjust the fluid intake to maintain urine output more than two litres
per day. They ared so advised to take maximumintake of fluid within
three hours after taking the meal's, during periodsof physical exercise,
bed-time and once at midnight. Plain water is good enough but
potassium rich citrus fruit juices such as orange, grape fruit and
cranberry are preferable to low potassium citrus fruits such as lime
and lemon. Orange juice, for example, represents a natural form of
potassium citrate and possesses akalinizing and citraturic action.
Limejuice, on the other hand, iscomposed largely of citric acid, and
does not affect acid base balance appreciably, so it does not alter
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urinary pH and only modestly increases urinary citrate. Increasing
fluid intake actually has been demon-strated to have positive effect
on two urinary inhibitors, citrate and Tamm-Horsfall protein.
Hydration augments urinary citrate excretion, which is thought to
result from an increased fluid flux in the proxima tubuleresultingin
the delivery of more bicarbonate to the cells of this portion of the
nephron. Urinary dilution has been found to increase the inhibitory
activity of Tamm-Horsfall pro-tein on the calcium oxalate
monohydrate crystal aggrega-tion in the urine of the stone formers™
13

Restriction of animal protein

Patient is advised to avoid or restrict nonvegetarian diet and the
recommendationisof 8 0z or lessof dry meat per day. Anima proteins
are rich in sulphur-containing amino ac-ids such as cystine and
methionine, which on oxidation produce sulphate which forms a
soluble complex with calcium in the nephron and limits the
reabsorption of this cation. Bone serves as a buffer and the resultant
osseous dissolution provides more calcium to be excreted. Chronic
metabolic acidosis decreases calcium reabsorp-tion within the
nephron, which further augmentsexcretion of thismineral. Increased
protein consumption also augments glomerular filtration, thus
delivering more ca cium to the nephron, which promotesitsexcretion.
Anima protein has a high purine content, which leadsto increasein
uric acid excretion. The associated acidosis resultsin a decrease in
urinary pH that could potentiate uric acid urolithiasis. Acidosis dso
enhancescitrate reasbsorptioninthe proximal tubule, thusdecreasing
the excretion of citrate in the uring'*s,

Sodium restriction

Patient isasked to avoid high sodium-containing food with restriction
of st in the diet and saty shakes. In-creased sodium intake may
promote a variety of metabolic changes that may be detrimental to
stone formers, including increase in the urinary pH, calcium and
cystine excretion and a decrease in citrate excretion.

Oxalate restriction

Avoidanceof nuts, spinach, dark roughage, chocolate, tea, and vitamin
C coupled with the advice to maintain recommended daily intake of
cacium and to ensure that calcium consumption accompanies the
ingestion of oxalate rich foods to prevent the absorption of oxalate.
Restriction of calcium

Moderate restriction of calcium is recommended and about 250 ml
of milk or milk products can be taken daily. In patients who are
advised long-term restriction of calciumintake, measurement of bone
density, particularly in the spine is recommended.

TREATMENT OF VARIOUS STONE RISK
FACTORS

Hypercalciuria

The management of hypercaciuria depends on its type.

Absor ptive hypercalciuria

Typel - Celulose phosphate in the dose of 10-15 g ordly in three
divided doses is to be taken with meals. It is an effective
nonabsorbable exchange resin, which binds the calcium in the gut
and prevents bowel absorption. It has no impact on the calcium
transport mechanism and the urinary calcium excretion returns to
normal values with therapy. This therapy is contraindicated in
postmenopausal women and in children during the period of active
growth. Hydrochlorothiazideis an alternative treatment but the effect
on cacium excretion is temporary. It causes a decrease in the rend
excretion of calcium. The increased absorbed calcium is deposited
inthe bone. Gradually the bonereservoir reachesits capacity and the
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drug becomes ineffective. Hydrochlorothiazide may be aternated
with cellulose phosphate for an effective treatment regimen.
Typell - Since thisis dietary dependent, reduction of the calcium
intake to 400-600 mg/day reduces calcium excretion to normal.
Type 111 - Orthophosphate is administered in the dos-age of 250 -
2000 mg 3-4 times/day preferably after meals and before bedtime. It
inhibits vitamin D synthesis, which finaly decreases absorption of
the cacium.

Renal hypercalciuria

Thiazide diuretic like hydrochlorthiazide is recommended; if has
effect on the proximal and the distal tubules. Acting as a diuretic, it
decreases the circulating blood volume and subsequently stimulates
proximal tubular resbsorption of calcium.

Hyperoxaluria

Patients suffering from mild hyperoxauria (<60 mg/ day) are easily
managed on the dietary restriction of oxalate rich foods such as
spinach, dark roughage, tea, chocolate and nuts. Vitamin C
supplementation should not increase more than 500 mg/day in such
patients. Patients suffering from absorptive hypercal ciuriamaintained
on calcium re-striction could have mild hyperoxaluria due to
insufficient amount of calcium left in the bowel to bind oxaate.

In patients with moderate to severe hyperoxauriacommonly seenin
patientssuffering from intestinal mal ab-sorption of fat, inflammatory
disease or resection of the small bowel, patients with aborptive
hypercalciuria taking cellulouse phosphate, a rigid restriction of
dietary oxaate is critical. Solublized calcium may further help to
lower urinary oxalate by binding oxalate.

In the absence of bowel disease or absorptive hypercaciuriain the
patients suffering from moderate to severe hyperoxaluria, mild
metabolic hyperoxaluriaor primary hyperoxal uriamust be suspected
and pyridoxine in the dosage of 100 to 200 mg/day is required for
suppression of oxalate synthesisin vivo.

Hyperuricosuria

In patientswith normouricemia, hyperuricosuriais caused by dietary
excess of animal proteins. The general recommendation in these
patients is a balanced diet with a reduced intake of animal proteins
and increased intake of vegetables and fruits, athough thelong-term
compliance in patients with dietary modification is very poor.
Allopurinol (300 mg/day) is indicated in such patients if
hyperuricosuriais more than 800 mg/day.

In patientswith hyperuricemiae.g., gouty diathesis, alopurinol (300
mg/day) is indicated to reduce serum uric acid. Potassum citrate is
also added to alkalinize the urine.

Cystinuria

The main goa of therapy is to lower cystine concentration in the
urine below 200 mg/L. Dietary restriction is the primary therapy
with the avoidance of diet containing essential amino acid methionine
suchasmeat, poultry, fish, and dairy products. Increasing urine output
on 3 L/day dlows dissolution of existing stones and prevents new
stone formation. The pH of the urine is kept high (>7.5) to alow
dissolution of the stone. Sodium bicarbonate (15-25 ¢/ day) and
potassium citrate (15-20 mmol two to three times per day) are
commonly used to alkdinize the urine. Acetazolamide 250 mg three
times a day augments the akalinization achieved by the citrate and
bicarbonate. Glutamine 2 g/day can further reduce the excretion of
the cystine especidly if the intake of sodium isvery high.

If hydration and alkalinization isineffectivein reducing the excretion
of cystine or cystine formation then complexing agents such as
penicillamine or alfa mercaptopurine can be used. These agentshind
cystine, forming a complex solution that is soluble in the urine.
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Captopril has aso been used to lower cystine excretion by forming
a captopril-cystine disulfide complex.
Hypocitraturia
Citrate is an important inhibitor of crystallization of stone-forming
salts and hypocitraturia being common among patients with calcium
nephrolithiasis. It is apparent that maneuvers that maintain urinary
pH between 6 and 7 and that raise urinary citrate levelsto the normal
would be desirable in preventing the formation of calcium oxaate
stones.
Potassium citrate taken orally is absorbed mostly under normal
circumstances. The citrate after absorption is metabolized to
bicarbonate. In the absence of a deficit of bicarbonate in plasma, the
bicarbonate ions are excreted in urine that isrendered alkaline. The
small amount of absorbed citrate that escapes oxidation in the urine
contributesinaminor way to the citraturic action of potassium citrate.
In the presence of hypokaemia, the potassium ion augments citrate
excretion by correcting intracellular acidosis.
During long-term treatment, potassium citrate has been shown to
cause asustained risein urinary citrate and pH. In patientswith mild
to moderate hypocitraturia (100-320 mg/day), potassium citrate (60
mEg/day) increases urinary citrate by about 400 mg/day. Theurinary
pH rises by about 0.5 units and can be maintained at about 6.5. The
citraturic action is less prominent in those cases with severe
hypocitraturia (e.g., complete renal tubular acidosis and severe
chronic diarrhoeal syndrome). The total rise in urinary pH is less
marked in renal tubular acidosisin which urinary pH isusually high.
Potassium citrate has a hypocalciuric effect because of enhanced
renal calcium absorption and is usually tran-sient. In patients with
renal tubular acidosis the hypocalciuric effect is sustained. Thisisin
contrast to sodium citratewhere calcium excretionisunaffected since
alkali mediated hypocalciuric effect is offset by sodium linked
caciuresis'.

Physiochemical effects of potassium citrate are due to its citraturic

and akalinizing action resulting in

¢ Inhibition of the crystallization of calcium saltsin the urine'’.

¢ RiseinpH contributesto the retardation of the crystallization
of calcium salts and inhibits uric acid crystallization.

¢ At a high pH more phosphate and citrate ions become
dissociated further augmenting the complexation of calcium.

« Dissociation of citrate, pyrophosphate and other
macromol ecules may accentuate their inhibitor activity against
crystallization of calcium salts.

e Therisein urinary pH increases the dissociation of uric acid,
reducing the concentration of undissociated uric acid and the
propensity for the uric acid lithiasis'.

Distal Renal Tubular Acidosis Type 1

Potassium citrate therapy is capable of correcting both metabolic

acidosis and hypokaemia. In severe acidosis, large doses (up to 120

mEg/day) may be required to restore normal urinary citrate level®.

Urinary calcium declineswith the correction of acidosis. The overall

rise in urinary pH is generaly below 7.5 during treatment unless

there is a complication of urinary tract infection.

If thereisasubstantial renal sodium leak, alkali must be provided as

a mixed sodium potassium sdt, dthough renal sodium wasting is

not prominent in most patientswith rena tubular acidosiswho present

with stones.

Potassium citrateiscontraindicated in patientswith moderateto severe

renal disease (endogenous creatinine clearance of <40 ml/mt). If it

were to be used in those with moderate rena disease, it should be
begun at alower dosage and the serum potassium levels should be
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carefully monitored.

Chronic diarrhoeal syndrome

In patients with mild to moderate severity of intestinal fluid loss
and in whom hypocitraturia is not severe (100-320 mg/day),
potassium citrate (40-60 mEg/day in 3-4 divided doses, is effective
in restoring normal urinary citrate.

A liquid preparation is usually preferred in such cases rather than
aslow rel ease tabl et because some of these patients have intestinal
adhesion and may be prone to obstruction from a tablet
preparation. Furthermore, aslow rel ease medication may be poorly
absorbed due to rapid intestinal transit. A frequent dose schedule
(3-4 times/day) is advisable for the liquid preparation because of
relatively short duration of biological action. Other drugs may be
necessary for the treatment of additional disturbances. If
hypomagnesuria is present, magnesium citrate (10 mEq two to
four times/day) may raise urinary magnesium and increase urinary
citrate and pH.

When hyperoxaluriacoexists, dietary oxalaterestrictionisamust.
In patients of hyperoxaluria with hypocalciuria, calcium citrate
isuseful which lowersrena excretion of oxalate by bindingitin
the intestinal tract, raises urinary citrate, corrects malabsorption
of calcium and averts potential development of bone disease.
Thiazide induced hypocitraturia

Hypokalemia resulting from thiazide leads to hypo-citraturia,
which may attenuate the beneficial hypocal ciuric effects of therapy
in urolithiasis®. Use of potassium citrate with thiazide raises
urinary pH and citrate. It is recommended that potassium citrate
(15-20 mEq twice a day) be given to al patients being treated
with thiazide for hypercalciuric nephrolithiasis™.

Idiopathic hypocitraturic calcium nephrolithiasis
Thisincludes hypocitraturiaoccurring a one with cal-cium stones
and hypocitraturia occurring in conjunction with absorptive and
renal hypercalciuria and hyperuricosuric calcium oxalate
nephrolithiasis. In these patients the stones are predominantly
calcium oxalate.

Potassium citrate (15-30 mEq twice a day) produces a sustained
increase in urinary citrate excretion, maintains pH between 6.5-
7.0 and decreases the urinary saturation of calcium oxalate to
normal limits.

Uric acid nephrolithiasis

Potassium citrateis recommended in patients with hyperuricosuric
(gouty diathesis) for prevention of both calcium oxalate and uric
acid stone formation.

Potassium citrate creates an environment less conducive to the
crystallization of uric acid by increasing urinary pH and reducing
the amount of undissociated uric acid. It inhibits urinary
crystallization of calcium oxalate by reducing urinary saturation
and augmenting the inhibitor activity owing to therisein urinary
citrate and pH.

Post-extracorporeal shock wave lithotripsy fragments
Thenatural history of residual stone fragmentsafter ESWL shows
growth and persistence of the calculus. In patients with residual
fragments <5 mm or clinically insignificant residual fragments
(CISF) with calcium oxalate and/or infection stones use of
potassium citrate (6-8 gm in 2-3 divided doses) has significantly
ameliorated the outcome of these residual fragmentsby decreasing
growth or agglomeration, allowing spontaneous passage and
fi-nally improving the clearance rate®.

Advantages of potassium citrate compared with other alkali
Potassium citrate is abetter substitute than potassium bicarbonate
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because of more prolonged rise in urinary citrate and pH. The
increment in urinary citrate is more pronounced with potassium
citrate due to the renal excretion of small amount of absorbed
citrate that has excaped oxidation?®®.

When compared with sodium citrate, potassium citrate reduces
calcium excretion by augmenting the renal tubu-lar absorption of
calcium. Urinary sodium remains unal-tered with potassium citrate
but increases during sodium citrate therapy. In patients with
hypokalemia, potassium citrate causes a more pronounced rise in
citrate excretion than sodium citrate®®.

INFECTION (STRUVITE STONES)

Struvite stones are usually the result of urinary tract infection by
urease-producing organisms. Struvite stones are considered to be
infected, and medical therapy alone has a limited ability to
eradicate them and the infections associated with them. Early
referral to aurologist for ESWL (for stones< 2 cm) or alternative
intervention (for stones >2 cm) is recommended?. Bacteria
involved are usually proteus, klebsiella, pseudomonas and
enterobacter species and never E. coli. Once in place, stones and
their bacteriacannot betreated with antibiotics. The bacterialodge
in and stick to the stone and antibiotics cannot penetrate into the
depth of crystal masses to kill all of the organisms. Resistance
evolves easily under such circumstances. The only treatment
optionissurgical. When surgery isundertaken for infection stones,
the goal must be removal of all fragments, for al parts of the
stone are infected and can grow back.

SELECTIVE VERSUS NON-SELECTIVE
THERAPY

Therationalefor using selective therapy for nephrolithiasis based
on urinary biochemistry is the assumption that normalization of
urinary parameters prevents stone recurrences and that selective
therapy is more effective and safer than random therapy in
accomplishing this goal. Selective therapy induces a remission
rate of between 70 and 91% and reduced stone formation in 88 to
100%. It isintellectually appealing to categorize stone disease on
the basis of urinary metabolites and to use selective therapy (Table
2). There is no proof, however, that selective therapy is more
efficacious than non-selective therapy. One advantage of using
non-selective therapy is that it avoids the expense and the work
involved in categorizing calcium oxalate stone disease. It is also
sobering to note that in 3 of the 4 randomized trials in which
thiazides were found to be effective, the agent was used on anon-
selective basis, and only a minority had hypercalciuria.

SUMMARY

The preventive measures against the urolithiasis are fairly well
defined and most of them have proved their efficacy in studies.
However, in clinical practice it is very difficult as the patients
may have all normal urinary pa-rameters or multiple deranged
parameters. The issue is the extent to which these patients should
beinvestigated and rigour with which medical therapy isapplied.
Asanoversimplified ruleit can be said that instituting diet therapy,
without any metabolic evaluation at al, is cost effective in first
time stone formers. However, in recurrent stone formers detailed
evaluation and directed therapy is better. Both surgical and
medi-cal treatment is necessary for the complete management of
urolithiasis.
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Table 2. Selective treatment of recurrent stones

Disorder Treatment Mechanism of action

Low urine volume

High fluid intake Increases urinary volume,

decreases urinary saturation

Absorptive hypercalciuria,
type I thiazides and other

Decreases intestinal calcium
absorption, decreases urinary
calcium excretion

Sodium cellulose phosphate,

hypocalciuria diuretics

Absorptive hypercalciuria,

Low-calcium diet, sodium Decreases intestinal calcium

type IT cellulose phosphate absorption
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type I dihydroxyvitamin D, and
urinary calcium, increases
urinary citrate and
pyrophosphate

Hypocitraturia, including renal | Potassium citrate Increases urinary citrate,

tubular acidosis increases urinary pH
Hypomagnesiuria Magnesium citrate Incr urinary magnesium
and e

Hyperuricosuria with calcium | Allopurinol Decreases urinary uric acid,
oxalate stones

Potassium alkali salts
Reduced urine intake

increases urinary citrate and
pH, decreases urinary uric acid

Uric acid stones

Potassium alkali salts Increases urinary citrate,

Allopurinol increases urinary pH,
decreases urinary uric acid
Enteric hyperoxaluria Pyridoxine Decreases urinary oxalate,

Oral calcium supplementation | increases oxalate binding in
the intestine

Chronic diarrheal syndromes

Decreases oxalate
absorption, increases urinary
citrate

Cholestyramine
Potassium alkali salts

Infection stones

Acetohydroxamic acid Decreases urease, ammonium,

and pH

Cystinuria

D-penicillamine or (MPG) Increases solubility of cystine
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MANAGEMENT OF URINARY STONES-
CURRENT PERSPECTIVES

Anil Varshney; Jeetendra Rathore
R.G. Sone Urology & Laparoscopy Hospital, F-12, East of Kailash, New Delhi-110065

Abstract :  Percutaneous Nephralithotomy (PCNL) was established as a minimal invasive treatment option for removal of kidney stones in the
seventies and was further developed in the following years. However, PCNL-frequency diminished with the introduction of extracorporeal shock
wavelithotripsy (ESAL) intheearly eighties. In recent years, asdlinical experiencewith ESM. revealed itslimitations, the role of PCNL for treating
uralithiasis was redefined. Today, PCNL should be the first line treatment of large or multiple kidney stones, and stones in the inferior calyx.
Furthermore, improvementsin instruments (i.e. ureteroscopes) aswell aslithotripsy technology (i.e. ultrasound / pneumatic devices, Holmium-YAG-
Laser) increased the efficacy of percutaneous stone disintegration yielding stone free rates of >90% .

PERCUTANEOUS NEPHROLITHOTOMY
(PCNL)

Since Fernstrom and Johansson first removed arena cal culusthrough
anephrostomy tract in 1976, percutaneous nephrolithotomy (PNL)
has significantly changed and is continuing to evolve. Certain
indicationsfor percutaneous management of renal calculi have been
established; then depend on the size and the composition of the stone,
the site of the stone

PNL INDICATIONSAND LIMITATIONS

Size of the stone:

PNL as monotherapy has advantagesin the removal of large stones,
achieving excellent results with minima morbidity. The point of
trangition for theterm “large stone” is believed to be 2cm. Partial or
complete staghorn calculi may require multiple punctures or the
combination of PNL and SWL followed by repeat PNL (sandwich
therapy). PNL should be the preferred technique for patients with
struvite stones. When these infected stones are removed completely
by PNL, the patient has a 90% chance of remaining stone freefor at
least 3 years. Compared to SWL or open surgery, PNL, aoneor in
combinationwith SWL, resultsin higher stonefreerates, lessnumber
of procedures needed per patient, lower morbidity, shorter operative
time, shorter hospital stay and earlier return to work. Trestment of
lower pole calyced stones should be guided by the diameter of the
stone. In a metaandysis, limitations of SWL included lower stone
free and higher retreatment rates, compared to PNL2. Large stones
of thelower polearebest managed by PNL asafirst treatment option,
irrespective of the anatomy of the lower pole.
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However, PNL has a higher success rate at the cost of higher
complication rates. Asan dternative, flexible ureteroscopy and laser
disintegration have been proposed for lower pole stones upto 2 cm.
Despite recent technological advances, such as the use of ureteral
access sheaths, which in theory increasesirrigant flow and improves
visualization, the success rate does not exceed 88%. These rates
necessitated two sessions on several occasions.

Calyceal diverticula :

Although no prospective randomized trials comparing PNL,
laparoscopy and ureteroscopy exists, percutaneous nephrolithotomy
is considered the gold standard for managing calycea diverticul&.
High rates of stone clearance and diverticular obliteration have been
published in contemporaty series, while complications ranged from
0 to 30 %. When compared to SWL, PNL achieved a higher stone
free rate with similar recurrence rates and complication rates.
Ureteroscopic management yielded poor resultswith regard to stone
free (19 to 58 %), symptom free and diverticular obliteration status
(20 %). Ureteroscopy should be reserved for patients with anterior,
mid or upper polediverticulaor for patientswho areunableto undergo
PNL. The laparoscopic approach, athough applied in few patients,
seems appropriate for those with thin overlying renal parenchymaor
with anterior lesions that are too large or not accessible to
ureteroscopy.
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Renal anomalies

PNL in the horseshoe kidney*, marotated and pelvic kidneys® has
been safe and effective, especialy when large stonesor ureteropelvic
junction obstruction existed. Renal accessisobtained mostly through
an upper pole calyx and vascular injury is less likely in these
conditions. However, a second look procedure is occasionally
necessary to render the kidney free of stones. Currently, thereis a
growing evidence suggesting that for patients suffering by large or
complex stone burden in an ectopic kidney, a laparoscopic-assisted
PNL isthe optimal treatment, resulting in higher stonefreerates and
shorter hospita stay compared to standard PNL technique.
Patient Factors

Pediatric: There are no randomized controlled studies comparing
different treatment modalities for pediatric nephrolithiasis
standard PNL with the use of adult instruments or mini-PNL with
specifically designed pediatric instruments is safe and highly
effective treatment alternative for stone disease in infants,
preschool or older children. Although there is a no evidence
supporting a better functional outcome or a lower complication
rate. When specific criteria are followed PNL, SWL and
ureteroscopy are all valuable treatment options for pediatric
calculi. PNL in children is recommended when SWL or
ureteroscopy have failed, when a large stone burden is treated,
and when anatomical abnormalities, that may impair urinary
drainage and stone clearance, exist. Stone free rateswith asingle
session of PNL range from 67 % to 100 %. Retained calculi are
more common with staghorn and multiple stones compared to
solitary stones. The need for more that one session or for the
combination of PNL with SWL or URS hasbeen realized in these
situations®.

Obesity: Severa retrospective studies indicate that PNL in obese
patients can be performed with stone-free rates (as high as 100
%), complication rates and hospital stays comparable to those
achieved in an unselected population. In a recent retrospective
study, no statistically significant differences were found in
decrease in haemoglobin concentration, hospital stay, and
complication rate when patients were stratified in four groups
according to their body mass index. The need for auxillary
procedures and stone free rates were comparable ’.

H/o Surgery: Success and complication rates of PNL between
the patients who had and those who did not have previous renal
surgery is not significantly different.

Rigid Intracorporeal Lithotrites : The great advantage of rigid
intracorporeal lithotritesisthe efficiency with which they fragment
and remove a stone burden. The rigid devices are a mainstay of
PNL, and should be used in thetreatment of renal cal culi whenever
a rigid nephroscope will permit their passage. An obvious
shortcoming of rigid lithotrites is that they cannot be used with
flexible endocopes.

The Holmium: YAG laser is the intracorporeal lithotripter of
choicewhen aflexible deviceisrequired. Its superior safety profile
and ability to fragment stones of all compositions has helped
advance the technique of flexible ureteroscopic treatment of stone
disease.

Thesiteof kidney puncture: An optimal and atraumatic access to
the desired calyx is a crucial step in a successful PNL. In the
majority of casesthisispossible by asubcostal puncture. However,
a supracostal approach is preferable in patient with staghorn,
complex renal and proximal ureteral calculi, as it offers direct
access to most parts of collecting system and upper ureter. In
retrospective studies stone free rates upto 87 % have been reported
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with asingle session of supracostal PNL. The disadvantage isthe
high incidence of intrathoracic complications as well as a higher
rate of spleen and hepaticinjury. Theoverall pleural complication
rates in the retrospective studies published in the literature range
from 0 %, 37 %. The overall complication rate for supracostal
access tract was 16.3 % compared with 4.5 % for infracostal
access. Puunctures above the 11" rib resulted in a tremendously
higher intrathoracic complication rate (34.6%) compared to the
supra 12" rib access (1.4 %); This corroborates the strategy of
avoiding this high approach if possible ®.

MINI-PNL

Attempts have been made to popularize techniques of mini-
percutaneous nephrolithotomy in the hope to decrease the morbidity
associated with larger nephroscopes and tubes, especialy regarding
patient discomfort and potential renal damage. PNL with a 13 F
nephroscope followed by placing in 8 F nephrostomy tube with a7
F double pigtail ureteric stent. There were no conversions to
conventional PNL and no transfusions were necessary. Although a
high stone free rate was achieved, visibility with the smaller
neproscope was hindered with larger stones, than for standard PNL®.

EXTRACORPOREAL SHOCK WAVE
LITHOTRIPSY (ESWL)

The introduction of shock wave lithotripsy (SWL) and
endourologic techniques such as ureteroscopy (URS) and
percutaneous nephrolithotomy (PNL) radically changed the
treatment paradigm for upper urinary tract calculi. That is, stones
that once required an open surgical procedure to effect cure could
be treated with aminimally invasive approach (URS, PNL) or in
a completely non-invasive manner (SWL). Within 5 years of its
introduction, SWL became the most common intervention for
patients suffering from rena or ureteral calculi. SWL remains
very popular, however, where shock waves (SW’s) were once
considered the treatment of choice for virtualy all stones, it is
now recognized that SWL has practical limitations. Some
urologists are now lesslikely to turn to SWL, and some no longer
see SW’'s as afirst line option.

Since theintroduction of Dornier HM 3, lithotripters have become
compact and transportable. This evolution has made lithotripsy
more accessible but has introduced new problems such as the
challenge of achieving good coupling with adry treatment head.
Lithotripsy employs three modes of SW generation:
electrohydraulic, electromagnetic, and piezoelectric.
Electromagnetic lithotripters deliver more consistent pulses than
do electrohydraulic machines, and the shock sources have amuch
longer lifetime (millions of SW'’s). Electrohydraulic lithotripters
tend to have a wider focal zone than do electromagnetic
lithoripters, and generate lower acoustic pressures and lower
energy densities. Most new lithotripters either have a measurably
wide focal zone on the order of 17-18 mm, or they have settings
that procedure a relatively wide focal zone. Imaging for stone
localization is very effective, but imaging quality is rarely
sufficient to determine when stone breakage is complete.
Diagnostic US is available with many lithotripters but most
urologists choose to use fluoroscopy for stone localization and
monitoring during treatment.

Extracorporeal shock wave lithotripsy (ESWL) is still the first
line treatment for renal calculi with success rate of 70 % for all
renal calculi. The success rates of ESWL for lower pole calyceal
stones vary from 63 to 74 % and 23 to 56 % lessthan 1 cm and 1
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to 2 cm, stone respectively. Higher failure rates for lower pole
calyceal stones have been attributed to diminished infundibular
width, longer infundibular length and narrow infindibulopelvic
angle. Percutaneousremoval of renal stones(PNL) iswidely used
with a success rate of more than 90 % with greater morbidity
comparing to ESWL and ureteroscopy (URS). Advancesin design
of flexible ureteroscopes, use of nitinol baskets and graspers,
developments of smaller caliber flexible holmium laser (200
micron) and electrohydraulic (EHL) probes (1.6- 1.9 F) allowed
to treat intrarenal stones retrogradely with higher success rate
and minimal morbidity.

Retrograde intrarenal surgery (RIRS) has been mostly used for
stones failed with ESWL. In a retrospective study®®, the records
of 81 patients who had RIRS after multiple ESWL sessions were
reviewed™. Rigid ureteroscope in 8, flexible in 67 and both in 6
patients were used. The fragmentation was achieved by holmium
- YAG laser mostly and EHL occasionally. They reported 67 %
success rate and 46 % stone free rate (SFR) with minor
complications, based on KUB or US findings within 3 weeks
postoperatively; the procedure was unsuccessful in 13 patients
with larger stones or obstructed system in which subsequent
ancillary procedures were used. They concluded that RIRS could
be used as a salvage therapy in patients with renal stones smaller
than 2 cm that failed with ESWL. Similarly in another study™ 38
patient underwent RIRS for ESWL resistant renal stones. Stones
were disintegrated by 150-200 micron holmium : YAG laser
probes in 32 patients through both semirigid and flexible
ureteroscopes. Stone free rate was 58 % after a single procedure
and overall success rate was 76 % after second session. In
conclusion they recommended RIRS as a safe procedure with
high success rate for ESWL resistant renal stones lessthan 1 cm
and stones in anomalous kidney.

Extracorporenal shock wave lithotripsy was recommended for 1
cm or less lower pole calycea stones (LPS) and PNL for larger
stones by lower pole study group'?. However, recently effectivity
of RIRS for LPS has been investigated by many authors. Lower
pole calyx is one of the most difficult location to have an access
with flexible ureteroscope. The secondary deflection maneuver
and the use of nitinol tipless baskets and graspers, facilitated the
accessinto thelower calyx and subsequently improved the success
of stone treatment.

The treatment of renal stonesin morbidly obese patientsis often
associated with problems and complications. Extracorporenal
shock wave lithotripsy can not be performed in some morbidly
obese patients because of poor imaging, weight limitation of the
equipment and the skin to stone distance exceeding the F1 to F2
focal point distance. Percutaneous nephrolithotripsy has higher
risk of bleeding, anesthetic problems and postoperative
thromboembolic complications especially in patients with aBMI
greater that 40.

In the study®3, by Grasse, success rate for PNL was ranging from
74 % to 83 % however thiswas associated with higher transfusion
rate (14 % to 24 %) and significant complication such as acute
renal loss, acute renal failure, colonic injury, vascular injury,
pneumothorax, prolonged urine leakage, pyelonephritis, sepsis,
deep venous thrombosis and pulmonary embolus. Poor
visualization or inability to access stone bearing calyx. The
conclusion of the study wasthat RIRS for larger renal stoneswas
a safe and effective alternative to PNL and open surgery. They
also mentioned that smaller stone burden had greater successrate
with less operating time for the procedure.
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RETROGRADE INTRARENAL SURGERY

Theincreased successrate is not only due to advancesin flexible
ureteroscopy and intracorporeal lithotripsy technology, but also
the use of ureteral access sheath and tipless nitinol baskets,
graspers. The use of nitinol tipless basket or grasper is another
development enables to reach the stone in any calyx or calyceal
diverticulum. Ureteroscopes deflecting capability is not affected
by 2.6 or 3.2 F nitinol basket or graspers. The stones located in
the lower pole calyx can be easily entrapped with anitinol basket
or grasper. If the stoneislarger than 4 mm it isrelocated into the
mid or upper calyx for further disintegration.

Holmium YAG laser has been widely used for any ureteroscopic
lithotripsy. For intracorporeal lithotripsy, 550 and 365 micron
holmium: YAG laser fibers can only be used through semirigid
ureteroscopeswhile 200 micron fibers should be used with flexible
ureteroscopes. It has been demonstrated that 200 micron laser
fiber compromisetheflexible ureteroscopestip deflection by 7%-
16%. This decreases the success rate if the lower calyceal stone
is fragmented in situ. Painting vaporization technique with
holmium: YAG laser is described by Preminger which allows to
disintegrade the stoneinto the smaller particlesnot required active
removal**. Electrohydraulic lithotripsy is another option that can
be used in conjunction with flexible ureteroscopy. Especially, 1.6
or 1.9 F EHL probes are used with no limitation of tip deflection.
Electrohydraulic lithotripsy even with smaller probes may cause
mucosal injury and destroy the tip of the instrument. RIRS for
stones greater than 20 mm is associated with lower success rate
and longer operating time while multiple procedures are needed.
Retrograde intrarenal surgery for renal stones is reported to be
safe in patients with bleeding diathesis. There is not enough
experience with RIRS for stone in anomalous kidneys. However,
Weizer et a reported 88 % complete clearance of the stonein 8
patientswho had pelvic or horsehoe kidney. There are few reports
combining the RIRS with ESWL and PNL in the same session®.
In the seriesthat RIRS was combined with ESWL, all 14 patients
were not suitable candidates for PNL because of having risk of
bleeding, not to tolerate prone position, anatomic location of the
kidney and previous unsuccessful experience with the technique.
The stones were fragmented either intracorporeally with 200
micron holmium laser probe or ESWL monitored by flexible
ureteroscope with asuccessrate of 76.9%. One patient underwent
percutaneous nephrostomy and subsequent PNL because of
urosepsis. The authors reported that there was no damage to the
ureteroscope because of the narrow focal zone of the ESWL
system. In patients who had multiple or branched renal calculi,
PNL was combined with retrograde ureteroscopy to decreased
the number of percutaneous access without any complication and
blood transfusion. Simultaneous bilateral flexible ureteroscopic
treatment of renal stones has been reported but required more
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facilities and experience.

In the review of current literature, holmium : YAG laser seemsto
be the choice of method for intracorporeal lithotripsy during RIRS
for intrarenal stonesin most of the series. Flexible ureteroscopes
are used mostly and semirigid instruments occasionally. The use
of ureteral access sheath is still controversial but there are some
data showing that it facilitates the procedure while improving the
stone free rates. Prospective randomized studies are needed to
provethe benefit of ureteral access sheath use. Moreover, presence
of 4 mm and smaller fragments after the procedure is accepted as
success by some authors while 2 mm by others.

LAPAROSCOPIC RENAL STONE
EXTRACTION

The management of cal culus disease has changed with the advent of
extracorporeal shock wave lithotripsy (ESWL), percutaneous
nephrolithotomy (PNL) and rigid or flexible ureteroscopy (URS).
However, despite the technical development and the expanding
indications, the new technol ogies have not been ableto completely
replace open surgery. There are still some situations where open
surgery could be the most suitable option for treating calculus
disease. These arethe casesthat should be considered for potential
management with laparoscopic surgery.

Gaur and colleagues?® introduced the retroperitoneoscopic
Pyelolithotomy in five patients in 1994 and recommended the
procedure for stones not amenable to SWL or PNL or when both
thefacilitieswere unavailable. Review of theliterature by Hoening
et a' revealed 11 pyelolithotomies with a conversion rate of 27
% and an operative time of 2 to 5 hours ; this review confirmed
the feasibility of laparoscopic pyelolithotomy.

Since then many authors have reported their experience with
laparoscopic pyelolithotomy. Indications for the laparoscopic
approach included: study of the feasibility of the procedure,
previous failed endourologic approach, treatment of complex
staghorn calculi, stone-removal from an anomalous or ectopic
kidney, assistance of getting access during percutaneous
nephrolithotomy, concomitant correction of a pelvi-ureteric
junction obstruction, and finally absence of endourlogic facilities
in developing countries.

The results of these studies indicated that the laparoscopic
pyelolithotomy, performed either transperitoneally or
retroperitoneally, is a feasible as well as an effective and a safe
procedure for selected cases. Depending on indication, overall
success rates and stone free rates ranged from 71 % to 100 %.
Open conversion rates ranged from 0 % to 27 %. Mean operative
time, hospital stay and complication rate were all within acceptable
rates. However, all these studies were either case reports or
retrospective studies enrolling a small number of patients and
presented no comparison with other treatment modalities.
Laparoscopic pyelolithotomy was associated with longer
operating time, longer recuperation, was more invasive, less
cosmetic, and required more skill as compared to percutaneous
nephrolithotomy. Advanced endourlogic facilities, such as
laparoscopic ultrasound were required for removal of calyceal
stones in the event of migration or for localization of stone. PNL
is the best treatment modality for rena stones and laparoscopy
should be offered to those who need adjunctive procedure such
as pyeloplasty or punctures under vision during PNL.

Current relative indications for laparoscopic nephrolithotomy
include the ablation of diverticular mucosa for symptomatic
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calyceal diverticulla with stones and the removal of Staghorn
calculi via an anatrophic nephrolithotomy performed
|aparoscopically.

Several authors have explored therole of laparoscopy for calyceal
diverticula containing calculi, and 18 cases have been published
in literature. Of these, 6 were performed by a tranperitoneal and
12 by a retroperitoneal approach included a stone located in
anterior diverticula, with or without a thin overlying renal
parenchyma, need for ablation of the diverticula and previously
failed endourlogic procedures such as PNL or flexible
ureteroscopy. All stones were located in the upper pole with one
exception®®. Stone localization was achieved by palpation and
visual contact, especially when the overlying renal cortex was
either bulging or depressed because of scarring, and by retrograde
injection of indigo carmine, fluoroscopy or ultrasonography.
Stones and diverticula were successfully treated without open
conversion in al cases. The diverticula were generally managed
by fulguration, although in some cases, the cavity was closed
with perirend fat, gelatine resorcinol formal dehyde glue, or suture
closure of the diverticluar neck. Operative times ranged from 60
to 200 minutes. These studies indicate that laparoscopic
diverticulectomy and stone removal is an efficient and a safe
aternative or adjunct to endourologic procedure.

Relative contraindications to the laparoscopic approach include
failed PNL with perirenal adhesions overlying the side of surgical
interest and a thick rim of renal parenchyma obscuring the
diverticula and make the localization of its cavity and the stone
difficult. These cases could be challenging and impose an
indication for a limited anatrophic nephrolithotomy.

Shock wave lithotripsy and endourlogic approaches are highly
successful and constitute the treatment of choice for urinary
calculi. Laparoscopic pyelolithotomy is feasible but rarely
indicated in the present era. Laparoscopic nephrolithotomy may
be indicated to remove a stone from an anterior diverticulum or
when PNL or flexible ureteroscopy have failed.

MANAGEMENT OF URETERIC STONES

The ureter may bedivided anatomicaly into two segments, proximal
ureter ( ureter above iliac vessels) and distal ureter ( ureter below
iliac vessdls).

Spontaneous passage of Ureteral Stones

Idedlly, patients with ureteral stones will pass them spontaneoudly
while enduring minimal pain and complications. The mgjority of
stones which pass spontaneously do so within 4-6 weeks. Miller and
Kane reported that of stones < 2 mm, 2-4 mm and 4-6 mm, 95% of
those which passed did so by 31, 40 and 39 days, respectively.
Medical Expulsive Therapy

It should be considered for ureteric stones size less than 1 cm?.
Calcium Channel blockers and alpha receptor antagonists have
reported that patients given such treatment have asignificant reduced
time to stone passage, fewer, pain episodes, and lower anaogue pain
scores and they needed significantly smaller doses of analgesics.
Proximal Ureteral Calculi

URSwith Holmium Laser Lithotripsy hashigher stonefreeratethan
SWL for stones larger than 10 mm.

Distal Ureteral Calculi

Overdl, SWL and URS seem to have comparable stone free rates
for distal ureter stones. While the advantage of SWL is its non-
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invasiveness. The advantage of URS isimmediate stone removal.
Endoscopes

Semirigid URS The semirigid ureterorenoscope consistsof astainless
stedl shaft and fibre optic bundles as well as working channel for
irrigation and insertion of working instruments™.

Flexible URS Flexible ureterorenoscopes with shaft diameters of
6.5-9 Fr aso alow easy access to the upper urinary tract in most
cases without previous dilation. Flexible ureterorenoscopes should
not be used in the distal ureter, where semirigid instruments are alot
easer to handle®.

SWL: should bethefirst line therapy for patientswith stones< 1 cm
in proxima ureter. Stone push-back for upper ureteric calculi is not
mandatory in the absence of infection, and noted benefits may be
outweighed by the morbidity and cost associated with stent insertion.
Lower ureteric calculi may be treated equally successfully by either
SWL or ureteroscopic stone extraction based on the experience of
the operator and facilities available. Results of SWL are ingtitution
dependant and assuch cliniciansshould be guided by their ingtituion’s
experience and choice of equipment as to whether mid and lower
ureteric calculi are subjected to SWL as afirgt line treatment.
Open Surgery (Ureterolithotomy)

Theclinical useof incisiond surgery for ureteral stoneshas, however,
been reduced dramatically due to its high degree of invasivenessin
comparison with newly developed methods. The complication, the
process of wound healing and the scarring are obvious drawbacks of
open surgery. Today this method is an uncommon tool for removal
of ureteral stones because of the successful results obtained with
SWL and URS. The mgjor indication for incisiona surgery iswhen
the stone removal has to be combined with reconstructive surgery
for correction of anatomical abnormalities or when all other
therapeutic possibilities have failed.

Laparoscopic Surgery

When compared with open surgery treatment results are Similar, but
laparoscopic approach resulted in a shorter hospital stay less need of
anagesicsand superior cosmesis. Mg or disadvantage of |aparoscopy
islong duration of procedure. Magor indication are impacted stone
in proximal ureter.

Percutaneous approach with or without antegrade
URS

Impacted or hard stonesin proximal ureter; ureteral stonesin patients
with urinary diversion should be considered for percutaneous
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approach before open or laparoscopic approach.
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NoBLE Prize IN MEDICINE

Australian- American Researchers Elizabeth Blackburn, Carol Greider and Jack Szostak jointly won the 2009 Nobel
Prize in Medicine for their discovery of a key molecular switch in cellular aging. The trio was honoured for their
discoveries about how chromosomes are protected by telomeres and the role of an enzyme called ‘telomerase’ in
maintaining or strapping away this vital shield. This award recognises the discovery of a fundamental mechanism of
the cell, which has led to the development of new therapeutic strategies. Telomeres are like minute, protective caps,
fitting at the end of the DNA strands which are packed into ehromosomes. These scientists identified the ‘ Telomerase’
enzyme that made telomerase in DNA. This concept has broad medical implications for patients of cancer, certain
inherited diseases like aplastic anemia, genetic, skin and lung ailments and also aging process. The emzyme allows
cells to divide continuously without dying and could play a role in uncontrolled spread of cancer.

(Source TOI October 61 2009)
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CURRENT MANAGEMENT OF UROLITHIASISIN CHILDREN

Anjan Dhua, Satish Aggarwal
Department of Paediatric Surgery, Maulana Azad Medical College and
Associated Lok Nayak and GB Pant Hospitals,New Delhi-110002. India.

INTRODUCTION

Two to 3% of al patients of urolithiasis are children. Pediatric
urolithiasis is endemic in developing countries including India.
An underlying metabolic disorder is the cause in about half of
children, infection being the cause in the other half. In Uttar
Pradesh, parts of Gujrat and Maharashtra, vesical calculi are very
frequent. Thisisattributed to dietary cerealsbeing the predominant
source of proteins. Structural urinary tract malformations
predispose to stones because of “obstruction-stasis-infection”
relationship. Urinary reconstructions using intestines or hair
bearing skin predisposes to stone disease.

EPIDEMIOLOGY

The mean age of presentation is 6.9 years for girls and 5.2 years
for boys. Infected stones generally present early before 4 years of
age. Recurrence rates range from 3.6% to 68% and is the highest
for children with metabolic risk factors. Endemic vesical calculi
mostly affect boys between 1-5 years. In this group metabolic
abnormalities are seldom detected and the recurrence rate is low.

CLASSIFICATION

The following is the classification proposed by Smith and Segura
Renal Calealus Formation

Enzyme disorders
@ Primary hyperoxaluria (deficiency of hepatic enzyme)
@ 1 ,8-Dihydroxyadeniuria
@ Lesch—Nyhan syndrome
Renal tubular syndromes
@ Cystinuria
@ Renal tubular acidosis (types 1-4) (calcium phosphate
stones)
Hypercalcemic states
@ Hyperparathyroidism
@ Immobilization
Uric acid lithiasis
Enteric urolithiasis
I diopathic calcium oxalate urolithiasis

Solute excess.
Hypercalciuria
Hyperoxaluria
Hyperuricosuria
Hypocitraturia
Medications excreted into the urine

Endemic bladder stone formation

Secondary urolithiasis
Infection (struvite stones, secondary to UTI with bacteria
that produce urease)
Obstruction (PUJ, VUJ, Neurogenic bladder, diverticulum)
Bladder augumentation with intestines (mucus provides
nidus, chronic bacteriuria contributes)
Foreign body (ureteral stents, remnants of catheters, suture,
etc.)

PATHOPHYS OLOGY

Urinary calculi consist of crystalline and matrix components.
Matrix, a gelatinous glycoprotein, forms the predominant feature
of infective stones. Matrix also accounts for the softness of such
stones. On the other hand metabolic stones such as xanthine and
cystine are predominantly crystalline and accordingly hard.
Lithogenesis is a complex physical process involving
supersaturation of lithogenicionsand crystallization of compound
in the urine. The process is influenced by urinary dilution, pH,
and the presence of urinary ions or compounds that function as
promotersor inhibitors of crystallization. Spontaneous nucleation
takes place because of supersaturation of compounds. Secondary
nucleation occurs on cellular debris and other particles in the
urine. A damaged uro-epithelium, following urinary tract infection,
may provide anidus on which crystal growth occurs (heterogenous
nucleation). An acidic (pH< 6) urine increases the solubility of
calcium phosphate and a pH between 6 and 7, that of uric acid.
An akaline pH helps to keep cystine in solution. The formation
of calcium oxalate isindependent of changesin pH. Urinary tract
infection with urea splitting organisms such as Proteusis also an
important factor for precipitation of anmonium salts. Anatomical
abnormalities such as reflux, diverticulae etc produce stasis
thereby encouraging precipitation of lithogenic compounds.
Infective stones have a soft glycoprotein matrix on which
inorganic constituents such as magnesium ammonium phosphate,
ammonium phosphate and calcium phosphate deposit. Only
calcified stones are radio-opaque. Stag horn calculusisaninfective
calculus that grows into the configuration of the renal pelvis and
calyces. Occasionally it progresses to the entire kidney
parenchyma to produce an inflammatory mass -
xanthogranulomatous pyelonehritis.

CLINICAL FEATURES

Flank pain, urinary infection and hematuriaare predominant features
of rena stones. Radiating pain fromlointo groinisatypical feature
of ureteric stone. Vesical stones present as lower urinary tract
symptoms, stranguary and retention. Small vesical stones may get
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impacted in the urethra and cause sudden interruption in the stream.
In the endemic stone belt a diagnosis of stones should aways be
kept in mind if the child presentswith lower urinary tract symptoms.
Passage of gravel or asmall stonein urine may be forthcoming.

INVESTIGATIONS

Laboratory Studies

@® CBC count

@ Electrolytes, BUN, creatinine, calcium, phosphorus,
alkaline phosphatase, uric acid, total protein, albumin,
parathyroid hormone (PTH), and vitamin D metabolite
levels

@ Spot urinalysisand culture, including ratio of calcium, uric
acid, oxalate, cystine, citrate, and magnesium to
creatinine

@ Urine tests, including a 24-hour urine collection for
calcium, phosphorus, magnesium, oxalate, uric acid citrate,
cystine, protein, and creatinine clearance

Imaging Studies

@ A plain abdominal film KUB isthe first lineimaging in
any child presenting with a urinary infection or
hematuria.

@ Ultrasound is a sensitive modality for detection of
stones and is often used as a screening modality. solid
stones produce acoustic shadow that differentiates them
from other echogenic shadows. Radio-opaque as well
as radio-lucent stones can be picked up. However, small
ureteric and bladder stones are often missed.

@ The most sensitive test for identifying stones in the
urinary system is noncontrast helical CT scanning; it is
safe, rapid, and has been shown to have 97% sensitivity
and 96% specificity.

@ |Intravenous pyelography is useful for planning
treatment such as PCNL, ESWL, localizing ureteric
stones and detecting underlying anatomical abnormality.

Stone analysis

@ Attempting to obtain a stone for crystallographic
evaluation is essential. It is usually obtained by
straining urine in older children or examining diapers
in young children.

@ Content (i.e., cystine versus calcium versus uric acid)
of the stone may be the most important element in
developing atreatment program to prevent further stone
formation.

MANAGEMENT

The components of treatment are:

(1.)Stone clearance and prevention of recurrence

(2.)Prevention of renal damage, treatment of infection

(3.)Treatment of associated anatomical abnormality

There are three different modalities of treatment:

(1) Traditional open  surgery: Pyelolithotomy,
ureterolithotomy, cystolithotomy

(2)Minimally invasive (laparoscopic surgery): Lap
pyelolithotomy, ureterolithotomy

(3.)Endo-urological treatment: PCNL, URS, Cystoscopic
stone removal, Dormia basketing etc. In conjunction with
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ESWL.

General guidelines regarding treatment are as follows:

@ Anobstructed infected portion of the urinary tractisasurgical
emergency requiring drainage, antibiotic treatment, and
supportive care. This is best exemplified by pyonephrosis
secondary to an impacted upper ureteric stone.

@ A child presenting with acute renal colic and / or hematuria
can be managed with analgesics. If the stoneis small, it may
pass spontaneously.

@ Whenastoneissmall and at the ureteropelvic or ureterovesical
junction, it may pass spontaneously; afew days of observation
for spontaneous passage are justified.

@ A vesical stone that completely obstructs the bladder outlet
should be treated with catheterization using a Foley catheter.
Once urine outflow has been established, removal of stone
could be done endoscopically or open method.

@ |f thereis an associated anomaly of the urinary tract such as
PUJ obstruction, diverticulum etc, open surgery to correct
the anomaly and removal of stone is the preferred approach.

@ For other stonesendocscopic removal isthe currently favoured
approach if the case is suited to this and the logistics is
available. However, open surgery has a definite role.

@ Endoscopic treatment of stones comprises of breaking the
stone into small pieces and removing them. Small stones can
be removed without breaking. Several energy sources are
available to break the stones. These are: shock waves,
ultrasound, Laser and mechanical breaking. The choice
depends upon the stone size and location and surgeons
preferences.

@ Laparoscopic pyelolithotomy and ureterolithotomy are
gradually replacing open surgery for stones.

@ Withadvancement in miniature endourological equipment and
finer optics, endoscopic management of stones has become
popular in children. However, there is still a definite role for
open surgery in the following situations:

1. Whenfacilitiesand/or experiencefor endourological treatment
are not available and referral to the regional center is not
feasible.

2. Associated anatomical abnormality such as PUJ / VUJ
obstruction and calyceal, bladder or urethral diverticulum.
Both the stone and associated abnormality can be treated
simultaneously through an open or laparoscopic approach,

3. Failed endourological treatment.

4. Complex cases with large stone burden involving the
upper and lower urinary tracts

5. Large stones in augmented bladders.

EXTRACORPOREAL SHOCK WAVE

LITHOTRIPSY (ESWL)

ESWL provides an excellent mode of fragmenting stones
of upper tracts that can allow spontaneous passage of the
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stone fragments. It is a safe technique and can produce a

stone clearance rate of up to 75%. Shock waves are

delivered at the centre of the stone from an external source.

Thisleads to the stone getting fragmented into small pieces

that pass spontaneously. A JJ stent in the ureter helps

drainage in the post operative period for about 6-8 weeks.

Multiple sittings are sometimes required if the stone burden

is large. The procedure requires General anesthesia in

children.

Indications

@ Single or multiple pelvi- calycea stones.

@ Stag horn calculus (as a part of staged surgery with
percutaneous surgery )

@ Upper ureteric stones.

@ Bladder stones (controversial).

Contraindications

@ Anticoagulation.

@ Sepsis.

@ The stone is associated with distal urinary tract obstruction
secondary to a stone or a structural malformation

Preoperative preparation

The child is consented for general anesthesia and the procedure. A

current plain KUB film and an ultrasound are obtained. Urine must

be sterile before treatment. Antibiotic prophylaxis with broad
spectrum antibiotic is administered at the induction of anesthesia.

Technique

A I ureteric stent isinserted cystoscopically prior to the procedure.

The stone is localized with USG and fluoroscopy. The patient is

strapped to maintain a position so that the stone is aways focused

and the shock wave delivery machineis coupled to the skin through

a water bath. A variable number of shocks (2000-3000) are

administered to cause fragmentation. Thismay take up to 60 minutes.

Fragmentation is confirmed on fluoroscopy.

Postoperative care

Child can be discharged on ordl anagesics. Plain abdominal film

and USSisobtained after 2-3 weeks. Repeat procedureis carried out

if the stone burden dictates so. Severa sittings may be required.

Complications

@ Transient hematuria: no active treatment is required.

@ Urinary infection israre.

@ Hemoptysismay rarely occur asaresult of acousticimpedance
between the lung tissue and chest wall. Covering the lower
chest wall with a bubble-wrap dressing during the procedure
can prevent this.

@ Ureteric obstruction caused by fragments or sand. Usually
responds to hydration and JJ stenting. Occasionally requires
URS.

Ureteroscopic removal of ureteric stones /

Ureterorenoscopy (URS)

Ureteric stonesmay beaccessed using appropriate- Sized instruments
in a retrograde manner and then manipulated, fragmented and
retrieved. Almost all ureteric stones and some pelvic stonesin small
children can be dedlt with by thistechnique. Paediatric rigid compact
ureterorenoscopesare now availablein small sizes (6-8 Fr) with built
in telescope that can be passed per urethra and advanced into the
ureter and the pelvis. There is a working channel for instruments /
laser fibres and irrigation channel. Children as small astwo to three
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years can aso be treated.

Choice of energy source

Various options available are:

1. Laser lithotripter: Holmium laser (2150 nm wavelength)
delivered in pulses is highly effective. It gently breaks the
stone with low risk of mural damage. However, it requires
patience and at times the vaporization bubbles can obscure
the view.

2. Pneumatic and electro magnetic ballistic devices. good for
impacted stones as they achieve rapid fragmentation at alow
cost.

3. Electrohydrauliclithotripters(EHL): achievesrapid and good
fragmentation but carries higher risk of damageto the urethral
wall.

4. Ultrasound: provides a safe and reasonable fragmentation
alternative, athough it tends to be slower.

Fragment retrieval

It depends on the size of the fragments. Small stones and relatively
large fragments are retrieved by Dormia basket or forceps. Small
fragments may pass spontaneoudly.

Technique

Patient is placed in a Lloyd- Davis position under GA.
Preliminary cystoscopy is done. Position of the stone can
be assessed by using contrast material and fluoroscopy.
Guide wire is advanced into the ureteric orifice and then
into the renal pelvis. The ureteroscope is then advanced
under vision along side the guide wire. This may require
positioning the contralateral leg straight up to provide
angulations to the scope. Having visualized the stone it is
either retrieved directly if small or fragments if large. If
using Laser, precautions should be taken to safeguard the
personnel against Laser hazards. The Laser fiber is
positioned to touch the stone and energy is fired in bursts.
Care should be taken not to touch the ureteric wall. Very
small fragments of stone will pass spontaneously, larger
fragments are may have to be retrieved by forceps or
baskets.

Same techniques are applied to vesical stones using the
standard cystoscope sheaths. Even larger stones (up to 1cm)
may be removed without fragmenting by introducing a
forceps suprapubically through the bladder wall and
visualizing the stone through a cystoscope.

PERCUTANEOUS NEPHROLITHOTOMY

(PCNL)

PCNL is evolving as an alternative to open surgery in children. It is
suited for rend stones with hydronephrosis or stones where ESWL
hasfailed. Uncorrected coagul opathy isan absol ute contraindication.
It can not be applied to very small children and where the kidney is
shriveled up and the pelvisis not dilated.

Technique

GA and full muscle relaxation is required. Cystoscopy is done first
and an appropriate sized guide wire is placed retrogradely into the
renal pelvis. A catheter isthen fed over it and apyelogramisobtained
to confirm the anatomy and to decide the course of percutaneous
access. The catheter is secured; patient is repositioned for
percutaneous access. Usually the lower posterior calyx is punctured
and position is confirmed by aspirating urine from it. Under image
intengifier aj tip guide-wire is inserted and the tract is dilated. An
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Amplatz sheath (usualy 16- 18fr for infants, 18-24 for older children)
is then passed over the dilator to maintain the track. The Amplatz
sheath is to be kept in position by the assistant. A nephroscope is
then passed through the sheath and stone visualized. Fragmentation
and retrieval techniques are similar to those for ureteric stones.
Complications

Significant hemorrhage

Inadvertent puncture of pleura.

Inadvertent puncture of abdominal viscera.

Significant macroscopic hematuria.

SPECIAL SITUATIONS

Stones after surgery for ano rectal malformations
Boyswho have undergone surgery for ano- rectal malformationsand
present with lower urinary tract stones should be carefully evaluated
to exclude stone in a urethrd diverticulum. The diverticulum results
from elongation of a remnant of the recto-urinary fistulawhich isa
component of ano-rectal malformation. The senior author hastreated
such a case in a nine year old boy who presented with multiple
“vesica” stones. Hehad undergoneapull through for highimperforate
anus at one year of age. Plain film showed multiple faceted stones
immediately behind and below the pubic symphysis (bladder stones
show above the pubic symphysis). Retrograde urethrogram reveaed
alarge urethral diverticulum from the posterior urethra and filled
with multiple stones. The diverticulum wasexcised through aposterior
sagittal approach. The catch point in this case was that the stones
were multiple (bladder stonesare single) and on X-ray they appeared
below the bladder.

Urethral stones after reconstruction for hypospadias
and epispadias

A combination of strictureand stasis can predisposeto stoneformation
in the urethra. A mgjor contributor in the past was hair bearing skin
used in the reconstruction. The stones may be multiple and often
quite large at presentation. They amost invariably require open
surgery unless picked up early when endoscopic removal isfeasible.
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Often the hair bearing skin has to be replaced with buccal mucosa
or non hair bearing skin. Skin from inner thigh is often used for
staged reconstruction in failed cases of hypospadias. The senior
author usessplit thicknessgraft from thethigh sothat thehair follicles
are left behind in the lower layers of dermis and the grafted skin
becomes hair free.

Vesical stone after bladder augmentation

Bladder augmentation is often required for exstrophy or neurogenic
bladder. Most caseswill also have aMitrofanoff stomaand aclosed
bladder neck. The incorporated intestinal segments produce mucus
whichisagood nidusfor stoneformation. This, coupled with chronic
infection (secondary to repeated catheterization) and metabolic
alterationsleadsto large stoneformation. They require open surgery.
Recurrence is common unless an effective preventive strategy is
adopted. Regular washouts with citrate solution, timely drainage
by catheterizing the Mitrofanoff stomaand regular follow up isthe
key to prevention.
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equa affinity. In addition, moxoidine may aso promote sodium excretion, improve insulin resistance and glucose tolerance and protect againgt hypertensive target organ
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ALTERNATE SYSTEM S OF MEDICINE FOR

RENAL STONE DISEASE

Sanjeev Saxena
Department of Nephrology, Pushpawati Snghania Research Institute for Liver,
Renal & Digestive Diseases, Press Enclave Marg, Sheikh Sarai-11, New Delhi — 110017, India

Abstract : Although medical and surgical management constitutes the cornerstone of
management of nephrolithiasis, in India alternative and complimentary systems provide many
opportunities and claims for cure for this recurring disease. This review highlights some of the
important remediesin alter native system which many patients resort to in order to escape surgery.

INTRODUCTION

Nephrolithiasisis one of the most painful and common disorders of
the urinary tract.. Assuch, there is much interest among physicians
and patientsto identify effective measuresto promote stone passage,
stonedissolution and stone prevention. Besides surgery most patients
findrelief and solacein dternate systemsof medicineslikeAyurveda,
Homoeopathy Acupuncture and many others.

AYURVEDIC MEDICINE FOR RENAL
CALCULI

Most Ayurvedic medicines are believed to have a complex
antimicrobial, diuretic, antispasmodic properties and litholytic and
anticacifying activities. Some of the scientifically proven medicines
inuseare

Gokshura (Tribulus terrestris)

Tribulus terrestris is one of the most commonly utilized herbs in
Ayurvedic medicine for renal dysfunction. It is proposed to be
effective through diuretic, analgesic and litholytic properties and is
also reported to have haemostatic properties. 1t hasbeentraditionaly
used to have haemogtatic properties. It has been traditionally used as
treatment for cystitis and renal calculi and as a diuretic. The
mechanism of preventing nephrolithiasis is thought to occur by
decreasing urinary oxaate excretion through alteration in hepatic
oxal ate synthesizing enzymes, glycol ate oxidase (GAO) and glycolate
dehydrogenase (GAD).

In astudy, T. terrestris administration to sodium glycolate-fed mae
rats produced a significant decrease in urinary oxalate excretion and
asignificantincreasein urinary glycolate excretion ascompared with
contrals.

Uva-ursi

This compound acts as a urinary antiseptic through its active
ingredient arbutoside, the glycoside arbutin, which is chemicaly
transformed in the gastrointestinal, hepatic and urinary tracts to the
antimicrobia hydroquinone. Inastudy two formulationswereutilized
afilm coated tablets and agueous solutions, high performance liquid
chromatography (HPLC) cool array and capillary electrophoresiswere
utilized to evaluate the urine samples. The maximum urinary
concentrations of hydroquinone equivalents was higher and peaked
earlier in the quinone equivaents was higher and peaked earlier in
the aqueous solution group versus the film-coated tablet group.

Though Uva-urs iscommonly prescribed for the therapy of calculus
disease, only few studies supporting the use of Uva-urs in the
prevention or management of urolithiasis, are reported
Bahupatra (Phyllanthus niruri)

Phyllanthusniruri growsin India, Chinaand tropical locationsranging
from the Philippinesto Cuba. It hasbeen used for over 2000 yearsin
treating kidney stones. Barros and colleages evaluated the in vitro
effect of P. Niruri extract on calcium oxalate (CaOx) crystallization
through the addition of the extract to unfiltered rat and human urine
samples. The presence of CaOx crystalswas evaluated immediately
and 24 hlater. P, niruri extract failed to inhibit CaOx nucleation but
was effective at reducing crystal growth and aggregation. Barros
and colleagues subsequently demonstrated that P. niruri impacts
crystal aggregation and stone growth in a rat model, seeded with a
CaOx caculus.

Human studies have aso shown the efficacy of P. niruri in treatment
of stone disease. Nishiura and colleagues showed P. niruri to
significantly reduce urinary calcium excretion in patients with prior
hypercaciuria.

Java Tea (Orthosiphon stamineus and grandiflorus)
This herb has been used for trestment of kidney and bladder stones
and urinary tract infections. The proposed active ingredients are
flavonoids in the Orthosiphon that are believed to have diuretic,
antiseptic, and litholytic properties.

A prospective randomized trial of 48 patients compared the efficacy
of O.grandiflorus to sodium potassium citrate in the treatment of
patientswith renal caculi at least 10 mminsize. Patientswereeither
given a 2.5g tea bag of O.grandiflorus to be boiled in 250mL of
water twice daily or titrated sodium potassium citrate to keep their
urinary pH between 6.2 and 6.8. Efficacy wasdetermined by therate
of stone size reduction per year, which was 28.6% + 16% for the
group receiving O. grandiflorus and 33.8% + 23.6% for the group
receiving sodium potassium citrate. The difference between these
resultswasnot statisticaly significant; however, thesideeffect profile
was more pronounced for those patients taking sodium potassium
citrate.

Horse Gram (Dolichos biflorus)

Dolichos hiflorus has traditionally been used to dissolve existing
renal calculi, provide symptom relief and prevent recurrence.
Investigations have studied the litholytic properties of D. biflorus
and demonstrated the in vitro mechanism of action to be inhibition
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of calcium phosphate crystallization. Thisproperly decreasesin seeds
that had been stored for greater than 6 months postharvest.
Rotula aquatica lour

Traditional Indian medicine has used Rotulla aguatica lour as a
remedy for urolithiasis. Inarat model of calciumoxaateurolithiasis,
R. aguatica lour was demonstrated to reduce urinary calcium and
oxalate levels and prevent the histopatholigic abnormalities noted in
the untreated animals dilated renal tubules, microcrystals, and
epithelial cell damage. No significant change was noted in serum
calcium, phosphate, or magnesium.

Fish Stone (Sangesarmahi)

Fish stones are calcified materia present in the skull of Channafish
and are part of an Ayurvedic approach to treatment of urolithiasis. In
the clinical study, patients with existing ureteric and rena pelvic
stones ranging in size from 4-9 mm were given 75 mg of fish stone
powder three times a day for 5 days. No change was seen in the
urinary profile; however, 36% of the patients passed astonewithin 5
daysof starting therapy. Theauthors attribute thisto ureteric smooth
muscle for relaxation properties of fish stones; however, thiswas an
uncontrolled study.

HOMOEOPATHY FOR RENAL CALCUI
Apis Mdllifica

It isindicated when there is scanty, high colored or red urine renal
pain due to stones a ong with soreness on pressure or when stooping
or frequent sudden attacks of pain along with strangury and retained
urine.

Berberis Vulgaris

Mostly used when thereisdrawing pain often arising inlumbar region
on one or both sides extending into different parts, asin rena colic
and from passage of calculi. When the rena colic runs down the
spermatic cord into the testes, and the patient is greatly disturbed,
Berberiswill very quickly relieve this particular kind of rena colic.
Berberis makes the function of the kidneys normal and it has been
shown to throw out the stones.
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Benzoic Acid

The grand central characteristic of this remedy is found when the
smell of the urine is very very offensive like the urine of a horse
along with kidney stones and gout of the joints. This bad smell of
theurineisfoundin connectionwith kidney colic alongwith cystitis.
Pareira Brava

Indicated whenthereisgreat straining, pain going down thighsduring
effortsto urinate. It ismoreindicated in bladder stones. Symptoms
include violent pain in glans penis, itching along urethra and
urethritis.

Lycopodium

Used in patients with severe backache, relieved by passing urine
and graveluria. This drug has been used in many urethra conditions
too.

Sarsaparilla

This drug is useful in condition associated with lower urinary tract
symptom along with stones.

The list of homoeopathic medicinesislong and only an expert can
help identify one drug for a particular situation. However, there is
ample scientific literature to show that the drugs are more effective
than placebos.

Acupunctur e has been effectively used to treat rena colic and result
in stone passage. In one study acupuncture was shown to be more
effective than morphine in treatment of renal colic due to calcium
disease.
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LITERATURE REVIEW

Patterns of Alcohol Consumption in Medical Sudents Garg Ashish; Chavan B. S ; Pal Sngh Gurvinder; Bansal Ekta ;
Kidney Int. 2009: 75:1088-1098
A prospective study was carried out among undergraduate medical students of three different medical collegesin North India. The aim of
this study was to assess the consumption pattern of acohol among medical students and correlate psychiatric disturbance and parental
alcohol consumption with the patterns of alcohol use in them. Using an anonymous, self-administered questionnaire, we surveyed 168
subjectswho were at various stages of their undergraduate medical career. Alcohol wasthe frequently used substance by al groups; 56.57%
ever used acohol and 41.46% showed patterns of problem drinking. Alcohol dependence was found in 6.09% of the students; 71.95%
students started consuming acohol after admission in the medical college. Almost one-third of respondents (37.50%) were found to be
clinicaly depressed, anxious, or experiencing psychiatric disturbances. Such students had a greater frequency of acohol consumption (p =
0.05). Also, astrong association between positive family history of alcohol use/abuse and use of acohol among medical studentswas found
(p=0.001). Alcohal abuse amongst medical students should be taken more seriously because their own attitudes towards substances may
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