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INTRODUCTION

	 Posterior urethral valves (PUV) is an abnormal 
development of an accessory urethral membrane 
in the proximal urethra resulting in obstruction of 
urine outflow from the bladder.1 PUV is common 
obstructive uropathy in boys contributing to 
etiology of chronic kidney disease(CKD) in 42.7% 
of cases 2 The reported incidence of PUV is one in 
5000 to 8000 live births.3 In a recent study from 
Pakistan PUV has been reported as 34.3% among 
140 children with congenital anomalies of kidneys 
and urinary tract(CAKUT).4 Pathophysiological 
effects of obstruction at proximal urethra leads 
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ABSTRACT
Background & Objective: Posterior Urethral Valves (PUV) are common cause of congenital obstructive 
uropathy in boys and may be associated with urinary tract infection(UTI) and chronic kidney disease(CKD) 
if not managed timely. The objective of our study was to determine the clinical profile of children with 
PUV.
Methods: This is a descriptive case series comprising of 30 children aged 1-5 years, diagnosed and 
managed as PUV over six months, conducted at the Department of Pediatric Nephrology, National 
Institute of Child Health, Karachi. Patients were followed for 12 weeks and the outcome was assessed 
in terms of recovery, UTI, urinary incontinence and CKD. Descriptive statics were used for data analysis.
Results: Thirty cases of PUV were managed during study period. Clinical presentations were poor urinary 
stream (83%), fever (73%), signs and symptom suggesting UTI (96.6%), pallor (73.3%), acute kidney injury 
(37%)and urinary retention (13%). UTI was confirmed in 73.3 % and E.Coli was the most common pathogen. 
Ultrasonography showed bilateral hydronephrosis/hydroureter in 80% and micturating cystourethrogram 
demonstrated vesicoureteral reflux in 86.66% cases. All patients received intravenous hydration (97%), 
urinary decompression, and antibiotics. Meropenem was the most commonly used. Packed cell transfusion 
and peritoneal dialysis was done in 73.33% and 13.3% respectively. Cystoscopic valve fulguration was 
done in 86.66% and vesicostomy in 13.3%. On short-term follow-up, 60% recovered,16.66% experienced 
UTI and remained incontinent whereas 23.33% had CKD.
Conclusion: Our study showed a high frequency of UTI and AKI. E. coli was most common pathogen. 
Despite valve fulgration, significant patients had CKD.
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to an increase in intravesical pressure, dilatation 
of ureters and pelvicalyceal system resulting in 
hydroureter, hydronephrosis and VUR. Severe 
intrauterine obstruction leads to renal parenchymal 
damage in the form of renal dysplasia. The effects 
of VUR, recurrent UTI resulting in renal scarring, 
all these are associated with high risk of CKD.5 
	 The clinical spectrum of PUV depends upon the 
age of presentation and antenatal fetal ultrasound 
(US) findings. Patients with PUV may present 
in their early infancy or in older children. In 
newborns, it may present with respiratory distress, 
sepsis, azotemia, poor urinary stream, failure 
to void in the first 24 hours, palpable bladder, 
abdominal distension as a result of urinary ascites, 
or recurrent urinary tract infection, failure to 
thrive, and the manifestation of CKD in older 
children.5

	 Diagnosis of PUV may be suspected on 
antenatal US scan as proximal urethral dilatation, 
hydronephrosis and oligohydramnios.3 However, 
diagnosis is confirmed postnatally by micturating 
cystourethrogram (MCUG) which may show the 
classical posterior urethral dilatation and bladder 
trabeculation.1,6 Sometimes PUV is diagnosed after 
cystoscopy for evaluation of bladder dysfunction 
and UTI in older children.
	 Management of PUV is surgical and should be 
attempted after treating or excluding UTI and 
assessing renal functions. Urethral valve ablation 
can be achieved by endoscopic valve resection 
or electro-cauterization (fulguration).4 In some 
patients, renal function does not improve despite 
valve ablation due to associated renal dysplasia and 
may progress to CKD.7

	 However, long term renal outcome depends on 
multiple factors including the age of presentation, 
serum creatinine at initial diagnosis, age at 
intervention, prenatal diagnosis, associated, 
renal dysplasia, scarring, presence of secondary 
vesicoureteral reflux (VUR), upper tract obstruction, 
bladder dysfunction and UTI.5,8 

	 Several studies have been done on different 
aspects of PUV.8-11 Though, there are some studies 
carried out on Pediatric obstructive uropathy in 
Pakistan like stone disease, PUV and VUR but 
there is no prospective study on a clinical profile 
of PUV.3,4,11 This study may give us current pattern 
of clinical presentation and short-term treatment 
outcome of these patients managed at tertiary care 
center. Therefore, the objective of our study was to 
determine the clinical profile of children with PUV 
and short- term outcome.

METHODS

	 This descriptive case series was conducted at 
the Department of Pediatric Nephrology, National 
Institute of Child Health (NICH), Karachi over a 
period of six months from July 2019 to December 
2019. The ethical clearance was taken from the IERB 
(28/2019) of NICH and consents were taken from 
parents. There were 30 boys with PUV who under-
went diagnostic workup and management during 
the study period. Patients aged 1-5 years, who pre-
sented with suspicion of PUV with one or more than 
one manifestations such as poor urinary stream, 
fever, dysuria, hematuria, retention of urine, pal-
lor, palpable bladder, and signs of deranged renal 
functions were investigated with urinalysis, urine 
culture and sensitivity, complete blood counts and 
radio imaging including US and MCUG. The di-
agnosis was confirmed on MCUG which showed 
dilated posterior urethra and trabeculated bladder. 
All patients underwent either cystoscopic valve 
fulguration / vesicostomy and the outcome was 
assessed in follow up at 12 weeks in terms of UTI, 
urinary incontinence and CKD. Children were ex-
cluded if already underwent PUV resection, had as-
sociated congenital anomalies like duplex system, 
prune belly syndrome, and spina bifida. Also, chil-
dren whose parents did not consent and who left 
against medical advice or lost follow-up were ex-
cluded. 
	 The financial status of parents was divided 
based on monthly income in Pak rupees(Rs) as a 
low-income group (Rs ≤ 15000), lower-middle (Rs 
15000-25000), and middle-income group (Rs 25001-
45000).12 It was a convenience sampling technique 
and due to the rarity of PUV, a sample size of 30 cases 
was taken. Data were collected from all patients in-
cluding demographic information, anthropometric 
measurements, various clinical presentations and 
outcomes, labs parameters including urine culture, 
complete blood count (CBC), biochemistry, radio 
imaging like US kidneys, ureter and bladder(KUB), 
MCUG, dimercaptosuccinic acid (DMSA) kidney 
scan, and type of surgical procedure. Data was ana-
lyzed on SPSS Version 22. Mean and standard devi-
ations were calculated for the quantitative variables 
like age, height, weight, and duration of symptoms. 
Frequencies and percentages were calculated for 
the qualitative variables like gender, clinical pres-
entation and outcome. Paired “t” test was applied 
to determine the change from initial eGFR at diag-
nosis to eGFR at 12 week’s follow up. A p-value of 
≤ 0.05 was considered significant.
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RESULTS 

	 We studied thirty boys with a mean age of 2.2 
± 0.80 months with a diagnosis of PUV, worked 
up, managed, and followed up for about 12 weeks’ 
duration. The majority of patients (n=22, 73.3%) 
were below six months of age, between six to 12 
months were five (16.6% and 3(10%) were above 
one year. The mean height and weight were 58.97± 
12.8 cm and 4.63 ± 3.26 kg respectively. The mean 
duration of symptoms was 1.27 ± 1.04 months and 
the majority (n= 24, 80%) of cases had symptoms 
of more than one month. The educational status 
of the family showed that the maternal education 
level was primary or secondary in 10 and 9 families 
and 11 (36.7%) were illiterate. Family income 
status showed that 13 (43.3%) were a low-income 
group and 16 (53.3%) belonged to a lower-middle 
group and one (3.3%) was from the middle-income 
group. The majority of families (n=20, 66.7%) were 
resident of Karachi whereas only 10 (33.3%) were 
from rural areas of Sindh.

	 The clinical profile of patients showed that the 
majority (83%) had a poor urinary stream. Other 
common presentations were fever (73%), signs 
and symptoms of UTI (96.6%), pallor (73.3%), AKI 
(37%) and palpable bladder (13%).
	 The baseline laboratory parameter of the study 
population are shown in Table-I. The CBC showed 
mean hemoglobin 8.92 ± 2.71G/dl, a mean total 
leukocyte counts 13.86 ±6.45 10x9/L, mean platelet 
count 344.83 ± 150.76 10x9/L. The mean serum 
Na137.50 ±7.12, K 4.4 ± 0.80 and Cl 104.06 ± 5.44 
mEq/L. The mean urea and creatinine were 75.17 
± 12.07, 1.7 ± 0.27mg/dl respectively. The mean 
pre and post eGFR was 25.5 ± 22.2 and 68.7 ± 37.8 
ml/min per 1.73 m2 respectively.
	 Urine analysis (Table-I) shows significant pyuria 
(WBC ≥ 08 /hpf) in 26 and positive nitrites and 
leukocyte esterase in 17 (56.70%) and 16 (53.3%) 
respectively. The urine culture was positive in 
22 (73.3%) cases. E.coli was the most common 
pathogen (08) followed by Proteus mirabilus, 
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Table-I: Biochemical, hematological and urinary 
findings in children with posterior urethral valves (N=30).

Parameters  Mean SD

Hematology

Hemoglobin(G/dl) 8.92 2.71

Total leucocyte count(10x9/L) 13.86 6.45

Platelet(10x9/L) 384.80 156.66

Biochemical

Urea(mg/dl) 74.27 63.75

Creatinine(mg/dl) 1.65 1.46

Na(mEq/L) 137.50 7.12

K(mEq/L) 4.48 .80

CL(mEq/L) 104.06 5.44

Urinalysis N % 

Pyuria (>8 cells/hpf) 26 86 

Nitrates positivity 17 56.70 

Leucocyte Esterase positivity 16 53.30 

Urine culture  

Positive 22 73.3

Negative 8 26.6

Table-II: Radio imaging characteristics of 
patients with posterior uretheral valves(n=30).

Ultrasound Findings Number Percentage

Parameter 

Hydronephrosis 30 100

Hydroureter 24 80

Parenchymal changes 25 83.33

Dilated Post Urethra 26 86.33

Bladder trabeculation 
and wall thickening 22 73.33

VUR grading on 
MCUG (n=26)

Right 
(n=26)

Left 
(n=23) Total

VUR Grade V 10 5 15

VUR Grade IV 8 10 18

VUR Grade III 5 5 10

VUR Grade I 3 3 6

DMSA renal Scan 
Findings (n=30) Right Left

Fair -functioning 7 8

Well-functioning 14 13

Non-functioning 9 9
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Burkholderia cepacia, Pseudomonas aeruginosa 
(each in 3 cases), and others (Fig.1).
	 Ultrasography (Table-II) showed bilateral 
hydronephrosis and hydroureter in 100% and 
80% respectively. Bladder trabeculation and 
thick-wall were observed in 22 (73%).MCUG 
showed dilated posterior urethra in 26 (86.33%) 
patients and VUR either bilateral or unilateral in 
28 (93.33%) children. There was high grade VUR 
(IV= 18, V=15) in majority (60%) cases. Dilated 
posterior urethra suggestive of PUV was observed 
in 26(86.33%) cases. DMSA nuclear scan showed 
that on right side, well-functioning kidneys in 14 
(46.7%), fair functioning in 7 (23.3%) and non-
functioning in nine (30%) cases while on left side, 
well- functioning 13(43.3%) fair functioning 8 
(26.7%), and non-functioning in seven (23.33%) 
cases.
	 Patients received intravenous hydration in 96.6% 
depending upon the clinical status of hydration 
and urine output. Packed cell transfusion was done 
in 22 children (73.33%). Initial decompression by 
catheterization was done in 29 children. Various 
antimicrobial agents were used in all patients to 
treat UTI or urosepsis (Fig.2). As per protocol, 
ceftriaxone or cefoperazone was started before 
the culture result. Meropenem was the most 
common antibiotic used in 15 patients followed 
by ceftriaxone (12), tazobactam, ceftozime, 
amikacin (each in 9 patients), and fosfomycin (6). 
Cystoscopic valve fulgration was done in 26 and 4 
had temporary vesicostomy (Table III).
	 At 12 week’s follow-ups, there was an 
improvement in the urinary stream in 18(60%) and 
were symptom-free. Five children had urinary 
incontinence and UTI was observed in five and 
seven patients had CKD (residual eGFR < 60ml/
min /1.73m2).

DISCUSSION

	 Posterior urethral valves are common obstructive 
uropathy leading to recurrent UTI, CKD and 
urinary incontinence in boys. The current study 
was aimed to determine the clinical profile and 
short-term outcome of children with the posterior 
urethral valves at a tertiary care unit of Pakistan. 
	 We observed a mean age of children with 
PUV as 2.2±0.80 months suggesting the delayed 
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Fig.1: Types of pathogen in children 
with urinary tract infection.

Fig.2: Antimicrobial agents used in 
children with urinary tract infection.

Table-III: Management and outcome of 
children with posterior urethral valves(n=30).

Management Yes N (%) No N(%)

Parameter

Intravenous fluid therapy 29 (96.6) 1 (3.33)

Catherization 29 (96.6) 1 (3.33)

Antimicrobial therapy 30 (100) -

Peritoneal dialysis 4 (13.3) 26 (86.66)

Vesicostomy 4 (13.3) 26 (86.66)

Valve fulguration 26 (86.66) 4 (13.3)

Outcome at 3 months 

Recurrent UTI 5 (16.66) 25 (83.33)

Urinary incontinence 5 (16.66) 25 (83.33)

Improved urinary stream 18 (60) 12 (40)

Renal Outcome Mean ± 
SD

Mean 
change p-value

eGFR ml/min/1.73m2

At initial 
diagnosis
At 3 months 
follow-up 

25.5± 22.2
68.7±37.8 -43.2 <0.001

CKD (eGFR <60 ml/min1.73m2) 7 (23.33)
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diagnosis, likely to be due to either lack of 
antenatal US. A high percentage (63.3%) of 
children were brought to the hospital after the 
age of one month and 10% after one-year age 
again highlighting the poor health infrastructure. 
Similar to our result Nasir et al showed that 
41.4% of patients with PUV were brought to the 
hospital after one year of age.10 A similar finding 
has been reported in a case report who presented 
as urinary incontinence.13 The reasons of delayed 
presentation in this particular case had been 
attributed to ignorance, poor health care like our 
three cases who were brought after one year of 
age.
	 Though, 66.7% of our patients were residing 
in Karachi but presented late suggesting a lack 
of education among parents (36.7% illiterate 
mothers) as well as lack of awareness among 
practicing health personnel for early pickup and 
referral. Furthermore, financial constraint can be 
an additional factor behind parents’ reluctance 
to visit a hospital since the majority belonged to 
either low 13 (43.3%) or lower-middle-income 16 
(53.3%) groups.
	 The most common presenting complaint in 
our patients was a poor urinary stream (83%) 
followed by fever (73%), pallor 22 (73.33%) and 
palpable bladder (13%). Though poor urinary 
stream is a classical presentation in these children 
but pallor indicates either infection or uremia 
again suggesting late arrival with complication. 
Dribbling of urine / poor stream has been 
reported in 51% of children with PUV in other 
studies.4,9,14 UTI is common in children with distal 
urinary tract obstruction like PUV. A recent local 
study has shown UTI in 67 (47.86%) out of 140 
children with CAKUT in which 34.3% had PUV. 
We observed significant pyuria, positive nitrite, 
and leucocyte esterase in 26 (86%), 17 (56.70%) 
and 16 (53.30%) cases. Subsequently confirmed 
by positive bacterial growth in 73.3% of cases and 
E. Coli as the most common pathogen (36.3%). 
Similar findings have been reported in our 
previous study and by others.15,16 As discussed 
above more than 70% had culture proven UTI 
and negative culture in rest of children could be 
explained by prior use of antibiotic before coming 
to our center.
	 Ultrasound showed hydronephrosis and 
hydroureter in most of the cases suggesting 
obstructive uropathy. Various grades of VUR 
were demonstrated by MCUG in our study in 

93.33% cases. There was unilateral (n=5) and 
bilateral(n=10) grade V -VUR. The proportion of 
secondary VUR in our study is consistent with a 
recent study by Shakoor J et al and Wanjari M et 
al.4,17

	 Urethral catheterization has been a standard 
practice to relieve obstruction(decompression) 
and to improve immediate renal function. We did 
initial decompression in 97% of cases similar to 
others.11 Temporary diversions like vesicostomy 
was carried out in 13% due to disparity of size 
of rescetospoe and urethra. This may allow time 
to grow the child while preventing infection 
and further renal damage. Such practice of 
diversion procedure has been reported by 
others.18,19 Endoscopic valve fulguration was 
done in 27 (93%) of cases. Other studies have 
reported a similar pattern of endoscopic valve 
fulguration.5,20-22 The short-term outcome of PUV 
showed that the urinary stream become normal 
in 18 (60%) of patients, however episodes of UTI 
(5, 16.66%) could be explained by residual dilated 
urinary tract or colonization of the tract with 
microbial agents.

Limitations: Major limitations of our study are 
small number of patients and a short duration of 
the study period.

CONCLUSION

	 Our study showed that majority of children 
presented with complications of posterior urethral 
valves like UTI and impaired kidney function. E. 
coli was most common pathogen responsible for 
UTI. Cystoscopic valve fulgration was successful 
in 60%. However, CKD was observed in significant 
number of cases. We recommend study on larger 
sample and of longer duration of follow-up to find 
out long term outcome.

Conflict of interest: Authors declared competing 
interest none.

Financial Disclosures: No grant received for this 
study.

REFERENCES

1.	 Fernandez N, Fakih N. Urologic Neonatal Emergencies. A 
Clinical Guide to Urologic Emergencies. 2021; 6:245-269. 
doi: 10.1002/9781119021506.ch18 

2.	 Ahmad A, Badawy A, Khalifa A. Pattern of Renal Diseases 
among Children Admitted to Assiut University Children 
Hospital. GEGET. 2019;14(1):57-62. doi:  10.21608/
geget.2019.38025

Clinical Profile of Children with Posterior Uretheral Valves 

https://www.amazon.com/Clinical-Guide-Urologic-Emergencies/dp/1119021472
https://www.amazon.com/Clinical-Guide-Urologic-Emergencies/dp/1119021472


Pak J Med Sci     September - October  2022    Vol. 38   No. 7      www.pjms.org.pk     1826

Rabia Yamin et al.

	 Authors:

1.	 Dr. Rabia Yamin,
	 Resident, National Institute of Child Health, 
	 Karachi, Pakistan.
2.	 Prof. Khemchand N Moorani,
	 Professor of Pediatric Nephrology,
	 The Kidney Center Postgraduate Training Institute (TKC-PGTI),
	 Karachi, Pakistan.
3.	 Dr. Mehmood Shaikh,
	 Assistant Professor, 
	 National Institute of Child Health, 
	 Karachi, Pakistan.
4.	 Sidra Yamin,
	 IPP, Bahria University, 
	 Islamabad, Pakistan.

3.	 Khan K, Khan M. Management of infants and children 
with posterior urethral valves: early outcome of 
endoscopic valve fulguration in a tertiary care hospital in 
Peshawar. J Saidu Med Coll. 2018;7(1):7-21. doi: 10.52206/
jsmc.2017.7.1. %25p

4.	 Shakoor J, Akhtar N, Perveen S, Zafar GM, Chaudhry 
A, Hafeez F. Clinical and morphological spectrum 
of congenital anomalies of kidney and urinary tract 
(CAKUT)-a tertiary care center experience. Pak Armed 
Forces Med J. 2020;70(5):1565-1570.

5.	 Sharma S, Joshi M, Gupta DK, Abraham M, Mathur P, 
Mahajan JK, et al. Consensus on the management of 
posterior urethral valves from antenatal period to puberty. 
J Indian Assoc Pediatr Surg. 2019;24(1):4-14.

6.	 Orumuah AJ, Oduagbon OE. Presentation, management, 
and outcome of posterior urethral valves in a Nigerian 
tertiary hospital. Afr J Paediatr Surg. 2015;12(1):18-22. 
doi: 10.4103/0189-6725.150937. 

7.	 Velhal R, Jain A, Nayan A, Patwardhan S, Patil B. Impact 
of surgical intervention on progression to end-stage renal 
disease in patients with posterior urethral valve. Afr J 
Urol. 2021;27(1):1-8. doi: 10.1186/s12301-021-00261-8

8.	 Deshpande AV. Current strategies to predict and manage 
sequelae of posterior urethral valves in children. Pediatr 
Nephrol. 2018;33(10):1651-1661. 

9.	 Tambo F, Tolefac P, Ngowe M, Minkande J, Mbouche L, 
Guemkam G, et al. Posterior urethral valves: 10 years audit 
of epidemiologic, diagnostic and therapeutic aspects in 
Yaoundé gynaeco-obstetric and paediatric hospital. BMC 
Urol. 2018;18(1):1-7 doi: 10.1186/s12894-018-0364-1

10.	 Nasir AA, Oyinloye AO, Abdur-Rahman LO, Bamigbola 
KT, Abdulraheem NT, Adedoyin OT, et al. Short-Term 
Outcomes of Treatment of Boys with Posterior Urethral 
Valves. Niger Med J. 2019;60(6):306-311. doi: 10.4103/nmj.
NMJ_118_18

11.	 Naz I, Hafeez F. Metabolic Evaluation for Pediatric 
Renal Stones - A stitch in time. Pak Armed Forces Med J. 
2018;68(6):1668-16671.

12.	 Khan Y. Ordinance No. XXII OF 2021. 21st ed. Islamabad: 
Government of Pakistan Finance Division Islamabad; 
2022.p.1-16.

13.	 Abu S, Olatise OO, Igbokwe MC, Maduadi K. Delayed 
Presentation of Posterior Urethral Valve with Enuresis. J 
Med Bas Sci Res. 2021;2(1):149-154. doi: 10.46912/jmbsr.52

14.	 Mohan V. Outcome of Children with First Episode of 
Urinary Tract Infection. Int J Scient Soc. 2018;6(1):163-173. 
doi: 10.17354/ijss/2018/133

15.	 Hasan SF, Moorani KN, Laghari TM. Yield of Urinary 
Pathogens and their Sensitivity Pattern at Paediatric 
Tertiary Care Facility, Karachi. Ann Abbasi Shaheed 
Hospital Karachi Med Dent Coll. 2017;22(4):255-261.

16.	 Liang T, Schibeci Oraa S, Rebollo Rodriguez N, Bagade 
T, Chao J, Sinert R. Predicting Urinary Tract Infections 
with Interval Likelihood Ratios. Pediatric. 2021;147(1): 
e2020015008. doi: 10.1542/peds.2020-015008

17.	 Wanjari M, Rodge H, Mendhe D, Wankhede P, Late S. 
Bilateral Hydronephrosis with Grade 3 To 4 Vesicoureteral 
Reflux. J Pharm Rrch Intern. 2021;33(49B):121-124. 
doi: 10.9734/JPRI/2021/v33i49B33348

18.	 Bera D, Mandal TK, Kashyap V, Guha B, Tulsyan G, 
Dhanuka S. Cutaneous vesicostomy in infants and children 
with posterior urethral valve: Experience from a tertiary 
teaching hospital in eastern India. IOSR J Dent Med Sci. 
2021;20(4):38-41. doi: 10.9790/0853-2004013841

19.	 Sharifiaghdas F, Mirzaei M, Nikravesh N. Can transient 
resting of the bladder with vesicostomy reduce the need 
for a major surgery in some patients? J Pediatr Urol. 
2019;15(4):379.e1-379.e8. doi: 10.1016/j.jpurol.2019.03.026

20.	 Chan M, Chan E, Ng Y, Yap T, Ong L, Narasimhan K, et 
al. Outcome of boys with posterior urethral valves from 
a single tertiary hospital in Singapore. ANZ J Surg. 2022. 
doi: 10.1111/ans.17445: 1-7

21.	 Karim MR, Khan MO, Rahman MM, Alam MM, Gupta 
SD, Alam SM. Outcome of Endoscopic Fulguration of 
Posterior Urethral Valves (Puv) in Children. Bang J Urol. 
2020;22(1):8-14. doi: 10.3329/bju. v22i1.50068

22.	 Omodu OJ, Eli S, Okengwu C, Kalio DG. Posterior Urethral 
Valve Ablation Using Holmium Laser: A Single Centre 
Experience in Port Harcourt. Int J Therap Applicat. 2020;37. 
Available at: https://npaa.in/journal-ijta/wpcontent/
uploads/2018/09/1052IJTA_201-2.pdf

Authors’ Contributions:

KNM: Conceptualization of idea, guidance in 
manuscript writing, preparation, final editing and 
responsible for integrity of study. 
RY: Data collection, literature search, write up and 
referencing. 
MS: Literature search, help in write up and review. 
SY: Data entry and analysis.


	_GoBack
	_GoBack
	_Hlk79069152
	_GoBack
	_GoBack
	OLE_LINK7
	_Hlk70104692
	_GoBack
	_GoBack
	_GoBack
	_Hlk73788734
	OLE_LINK2
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK9
	OLE_LINK10
	_Hlk37442229
	_Hlk38933558
	_Hlk38933077
	_Hlk37506796
	_Hlk37502294
	_Hlk37526929
	_Hlk90657461
	_Hlk90680995
	_Hlk90731238
	_Hlk90713830
	_Hlk91124019
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_Hlk76224297
	_Hlk76225729
	_GoBack
	_1fob9te
	_3znysh7
	_Hlk90834194
	_Hlk6074559
	_GoBack
	_GoBack
	_Hlk97823749
	_Hlk528096407
	_GoBack
	_Hlk504299113
	_Hlk504580550
	_Hlk504637028
	_Hlk108862231
	_Hlk504760301
	_Hlk108782691
	_Hlk80963801
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_Hlk93228119
	_Hlk58530608
	OLE_LINK9
	OLE_LINK65
	OLE_LINK67
	OLE_LINK22
	OLE_LINK121
	OLE_LINK138
	OLE_LINK93
	OLE_LINK5
	OLE_LINK7
	OLE_LINK89
	OLE_LINK140
	OLE_LINK103
	_Hlk98403680
	_Hlk108205934
	_Hlk108205983
	_Hlk107531831
	_Hlk107528053
	_Hlk108427971
	_Hlk98405647
	_Hlk67764789
	_GoBack
	7

