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CHARLES PHILLIP BEAN, JR. 
The Modified Mean Urethral Pressure Gradient as it relates to Urodynamics: A 
·Prognostic Indicator ofUpper Urinary Tract Distress 
(Under the direction of RONALD LE~S, MD) 

An urodynamic variable, the Modified Mean Urethral Pressure ·Gradient (MUPG), 

• 9 

was evaluated to identify the risk of adult males with ·spinal cord injury (SCI) or multiple 

sclerosis (MS) for developing upper urinary tract :distress. The mMUPG was ca~culated 
( 

from urodynamic inforrilation; urethral pressures were measured at the prostatic urethra . 

. Upper tract distress induded symptotrul:tic or c~lture p·~sitive urinary tract infections, 

renal insufficiency, vesicoureteral reflux, hydronephrosis, and stones. 

{ Five hundred and seventy-nine urodynamic studies from227 SCI and MS adult 

males were reviewed. The mMUPG, MaxPdet (maximal detrusor pressure), and Max 

Pura (maximal urethral pressure) values were analyzed for correlation with upper tract 

. \ 
dtstress. 

Subjects with a higher incidence of renal insufficiency had lower mMUPG values 

(p=0.0416); subjects with a higher incidence of stones had lower Max Pdet values 

(p=0.0233). 

The mMUPG and Max Pdet values indicated an inverse relationship to renal 

insufficiency and stones, respectively. The mMUPG , Max Pdet, and Max Pura did not 

aid in the detection of upper tract distress. 

INDEX WORDS: Urethral Pressure, Detrusor Pressure, Upper Tract Distress, 

Urodynamics, Spinal Cord Injury 
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STATEMENT OF THE PROBLEM 

Urethral pressures measured at the level of the prostatic urethra during 

urodynamics for the prediction of upper urinary tract distress has not been reported. This 

study intended to determine whether a newly described urodynamic variable, the 

Modified Mean Urethral Pressure Gradient (mMUPG), demonstrated prognostic 

properties in predicting upper urinary tract distress defined as urolithiasis, vesicoureteral 

reflux, hydronephrosis, symptomatic or culture specific urinary tract infections, or renal 

insufficiency in patients with spinal cord injury or multiple sclerosis. 
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DEFINITION OF TERMS 

Bladder compliance is the bladder's ability to accommodate increasing filling 

· volumes and _is reflected in the pressure-volume cUrve. Low compliance implies a poorly 

distensible bladder in which the pressure volume curve is steep and pressure_ rise is high 

for the given volume increase. 

Cystometry is the measure of bladder pressure during th~ instillation of a medium, 

gas, or liquid solution, via an urodynamic catheter. Bladder compliance and the degree 

and duration of detrusor contraction may also be assessed during with the use of 

cystometry and urodynamics·~ · · 

Detrusor areflexia is the failure to generate a bladder contraction due to 

neurologic causes. 

Detrusor external-sphincter dyssynergia is manifested as an involuntary 

. contraction of the external sphincter during detrusor contracture. It occurs only in 

·neurogenic circumstances. 

Detrusor hyperreflexia may be seen on urodynamic evaluation in patients with 

suprasacral spinal cord injuries. Detrusor hyperreflexia may transform from brief, low

level contractions to prolonged, forceful detrusor contractions. 
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Electromyography (EMG) is the study of bioelectric potentials that are generated 

in the distaJ striated sphincter mechanism. Th~ two types of electromyography recording 
. I 0 . 

devices are surface and needle electrodes. The surface electrodes do not detect inotor 

unit action potentials of the 'striated urethra, but they are suitab'te for the assessment of the 

overall muscle behavior and are better tolerated by the patient. 

Hydronephrosis is the dilatation of the collecting system within the kidney. 

A pressure-flow study is a simultaneous measurement of intravesicular and 

urethral pressure during urodynamics. 

Renal insufficiency (RI) may be caused by a spectrum of diseases resulting· in 

progressive loss of the kidney's ability to filter the blood's waste products or maintain 

homeostasis. Etiologies may include diabetes mellitus, hypertension, primary and 

secondary glomerular diseases, hereditary renal disease, obstructive uropathy, chronic 

I 
infection, and interstitial nephritis. An increase in serum creatinine, blood nitrogen, or 

decrease in glomerular filtration rate (GFR) are indications of renal insufficiency. 

Nuclear medicine renal scans also provide information regarding renal function. 

Renal calculi, or stones, are crystal or aggregate formations within the urinary 

system that are a result of supersaturation of certain co~ponen~s within the urine at a 

specific temperature and pH. They may be a product of chronic infection and may be 

infectious themselves. 
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Urinary tract infections (UTI) refer to the presence of bacteria in the urine. Urine 

culture is helpful to determine the specific offending organism in order appropriately treat 

the infection. Patients suffering with urinary tract infections may present with a variety 

of symptoms including fever, chills, sweats, etc. Depending on the degree and location 

of spinal cord injury, some individuals may not have classic presentations or subjective 

complaints with urinary tract infections. 

Urodynamics is a urologic evaluation and characterization of detrusor pressure, 

bladder outlet, voiding parameters, neuropathic presentation,- and synergy of micturition. 

Modalities include uroflowmetry,. cystometry, pressure-flow studies, and 

electromyography. 

Uroflowmetry is a facet ofurodynamcis that measures the volume of urine voided 

over a period of time. It is described iri milliliters per seconds (ml/sec). It represents a 

summation of detrusor and abdominal activity and urethral relaxation. 

Vesicoureteral reflux (VUR) is ·the retrograde flow of urine from the bladder into 

the upper urinary tract. It may be evid~nt from the distal ureter up to the pelvis of the 

kidney. 



HYPOTHESIS 

I believe that the Modified Mean Urethral Pressure Gradient (mMUPG), an 

urodynamic variable, would demonstrate prognostic value in predicting males with spinal 

cord injury or multiple sclerosis at risk for developing upper urinary tract distress defined 

as vesicoureteral reflux, hydronephrosis, stones, symptomatic or culture positive urinary 

tract infection, or renal insufficiency. However, if final analysis were to support the null 

hypothesis, the mMUPG would not have prognostic value in predicting upper urinary 

tract distress defined by this criterion .. 

5 



Spinal cord injury can be .. devastating to the affected individual, not mily 

emotionally, but also physically. Since the Second World War, the long-term mortality 

and morbidity of spinal cord patients has shown dramatic improvement. The 

establishment of special spinal cord units and advanced urologic testing, such as 

urodynamics in the 1960's, reduced the incidence of morbidity and mortality related to 

urological complications with great success (Mundy, Stephenson, & Wein, 1994). 

One aspect that has contributed greatly to the demise of the spinal cord injured is . 

in regard to the urologic system. In the past, renal failure was the most common cause of 

death in spinal cord injured patients (Donnelly, Hackler, & Bunts, 1972). Spinal cord 

disruption, with or without associated insults, :can have a profound effect on the urinary 

bladder. The bladder serves as the reservoir for urine until timely evacuation can take 

place; its dysfunction depends on the extent and level of spinal cord injury. A 

coordinated process.must take place between the bladder and urethra in order for 

successful voiding to occur. Any miscommunication, whether neurological or 

mechanical, may contribute to altered pressures within the bladder due to ineffective 

bladder emptying. It is well documented that long-term elevated bladder pressures lead 

to renal failure and upper urinary tract distress (McGuire, 1990) (Hutch & Bunts, 1951). 

Since the advent ofurodynamic testing, the degree oflmowledge that has been 

discovered in the realm of bladder function, espe~ially in the spinal cord injured 

6 
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population has been monumental. ·urodynamics is the urologic evaluation and 

characterization of detrusor pressure, bladder outlet, voiding parameters, synergy of 

micturition, and neuropathic presentation. Urodynamics is performed using a multi-

channel catheter to measure pressures within the bla~der and urethra. A rectal pressure 

catheter is also placed to gain information related to any voluntary or involuntary 

abdominal pressure component affecting the bladder, which may manifest itself during 

the storage and voiding of urine. It has been well established that efficient bladder 

emptying and maintenance of.low detrusor pressures during voiding are vital .to prevent . 

adverse effects of upper· urinary tract and preserve renal function (McGuire & Savastano;. 

1985). 

The viability of the upper· urinary tract system is dependent on the bladder's· 

ability to accommodate the filling and voiding of urine at low pressures. In a study of 

myelodysplastic children, McGuire et a1 demonstrated that the clinical presence of upper · 

urinary tract deterioration may manifest itself after many years of normality and often as 

late as the mid-teenage years. McGuire showed that in a 7~year follow-up of 

myelodysplastic children, children with a detrusor leak point pressure of more than 

40 em .of water at the moment of urethral leakage, 68 percent demonstrated upper urinary 

tract distress manifested by vesicoureteral reflux (McGuire, Woodside, Borden, & Weis, 

1983). In 1992, Killorin et a1 (Killorin, Gray, Bennett, & Green, 1992) later investigated 
. . : . . . 

the types of bladder management on adult spinal cord injured males~ Urodynamic studies 
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were performed on spinal cord injured males to determine the most effective bladder 

management i~ order to maintain low bladder pressures to prevent upper urinary tract 

distress, defined as febrile urinary tract infections, hydronephrosis, urolithiasis, and 

vesicoureteral reflux. Among the findings, a urodynamic variable was introduced, the 

Mean Urethral Pressure Gradient (MUPG). This variable allowed quantification of the 

pressure gradient that exists across the sphincteric mechanism during detrusor 

contraction. It also assisted in the predication of those subjects at risk for upper urinary 

tract distress (K.illorin et al. 1992). 

· As describe~ in Killorin's studies, the mean urethral pressure gradient. was used to 

assist in the identification of those individuals·· at risk for developing upper urinary tract . 

distress. The mean··urethral pressure gradient is a calculation derived from urodynamic 

information. The mean urethral pressure gradient is contingent on where it is measured. 

In order to q-qantify the pressure gradient across the sphincteric mechanism; that is to say, 

from the urinary bladder across the external sphincter, the difference in intravesical and 

urethral pressures must be determined. Killorin measured the urethral pressure at the 

level of the external sphincter immediately prior to the onset of detrusor contraction; this 

in tum was subtracted from the urethral pressure at maximal detrusor pressures. The 

difference was deducted from the detrusor pressure during maximal detru~or contraction. 

Little explanation was given to why the external sphincter was selected as the location for 
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urethral pres.sure measurement; perhaps because it is the segment of maximal point of 

urethral closure. 

I reviewed data from adult males with spinal cord and multiple sclerosis who 

und~rwent urodynamic testing as baseline or follow-up stUdies, or because of change in 

voiding behavior. Similar urodynamic and rectal pressure catheters were used as 
- .J • 

described in Killorin's studies. Patient selection was based on the presence of spinal cord 

injury, presence of detrusor contraction with ID:icturition on urodynamics, and male 

gender. The major distinction' between my urod)'namic study and Killorin's study was 

that urethral pressure was. measured at the level of the prostatic urethra, ·rather than the 

level of the extemalsphincter·(rhabddsphincter).: I followed the same calculation as 
' ', . . 

described by Kill orin. to .. obtain a mean.tirethral pressure gradient across the · 

vesica-sphincteric mechanism. However, I used the internal sphincter (bladder neck) as 

. the sphincteric chasm. I have referred to this variable as the Modified Mean Urethral 

Pressure Gradient (mMUPG). 

My opinio~ is that by measuring the urethral pressure across the prostatic urethra, 

more information may be obtained regarding the internal sphincter function and urethral 

pressures during detrusor contraction. Although pressures were not directly measured at 

the external sphincter, as Kill orin described, they may be inferred through the detrusor 

pressures and urethral flow measurements. I determined if the Modified Mean Urethral 

Pressure Gradient served as a prognostic indicator ofupper·urinary tract distress defined 
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by urolithiasis, symptomatic or culture specific urinary tract infection, vesicoureteral 

reflux, hydronephrosis, or renal insufficiency. It was my belief that the Modified Mean 

Urethral Pressure Gradient would demonstrate prognostic value in identifying those 

individuals are at risk for developing upper urinary tract distress. 



MATERIALS AND METHODS 

Five hundred and ninety.;. two urodynamic studies from 226 spinal cord injured 

individuals, including 11 patients with multiple sclerosis, were retrospectively reviewed 

from the archives at the Veterans Affairs Medical Center, Augusta, Georgia. The 

urodynamic studies were performed from November 1991 to June 2002. Past medical 

history, urodynamic, and radiologic information such as pressure flow studies, 

cystourethro graphy, renal ultrasound and nuclear medicine function· studies, urine 

cultures, and serum: creatinine were·screened within the patients' medical chart. 

Subjects 

Adult males with spinal cord injury or multiple sclerosis underwent urodynatnics 

for initial or follow-up evaluation or because of change in voiding behavior. The 

subjects' level of spinal cord injury ranged from C2 to S1. 

Inclusion criteria were based on the presence of spinal cord injury according to 

the American Spinal Injury ·Association scale, male gender, and' d_etrusor contraction with · 

voiding occurring during the urodynaln.ic study. 

Exclusion criteria included subjects .. who had previously undergone prostatectomy 

or external sphincterotomy prior to urodynamic evaluation. Other surgical or urological 

entities that exclud~d patients from review were bladder augmentation or 

11 
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urethrocutaneous fistula. Subjects with underlying urolithiasis prior to urodynamic 

evaluation were not included for that particular urological finding. However, findings of 

other upper urinary tract parameters (vesicoureteral reflux, renal insufficiency, 

hydronephrosis, and urinary tract infections) were evaluated and included for that 

particular urodynamic study. 

Measurements 

Detrusor pressure (Pdet) was calculated in the standard fashion: intravesicular 

pressure minus abdominal pressure at that point, given in centimeters of water (H20). 

The mMUPG, a urodynamic variable, was determined by introducing a triple lumen 

urodynamic catheter into the bladder allowing simultaneous measurement of intravesicle 

and urethral pressures. The urethral pressure w~ measured at the level of the prostatic 

urethra using radiographic contrast, foley measurement, or "pull through" technique. A 

gradient was determined by calculating the difference between intravesicle and urethral 

pressure during detrusor contraction. For each urodynamic study, the urethral pressure -

immediately before detrusor contraction and the difference of urethral pressure during 

maximal detrusor contraction was calculated. This value was subtracted from the 

maximum detrusor contraction pressure and called the Modified Mean Urethral Pressure · 

Gradient (see formula). This variable quantifies the pressure gradient that exists across 

the sphincter (internal) mechanism during detrusor contraction. Most studies urodynamic 

catheter was "zeroed" to atmosphere before inserted into the bladder. 
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Urethral pressures were measllfed at. the Jevel of the ·prostatic urethra located 

between the internal and external (striated) sphincters. Ureth!al pressures measured 

. immediately prior to detrusor contraction were noted as PuraPdet base. Urethral pressures 

measured duriJlg maximum detrusor contraction· were referred to as Pu~aPdetmax· The 

difference of these values was subtraGted from the maximum detrusor contraction, 

Pdetmax, and called the Modified Mean Urethral Pressure Gradient (mMUPG). 

The formula for calculating the mMUPG is as follows: 

mMUPG = (Pdetmax) ·- [(PuraPdetmax - PuraPdetbase)J 

The calculation· of the Modified Mean Urethral Pressure Gradient (mMUPG) was 

derived from the formula described by Killorin for the Mean Urethral Pressure Gradient 

(MUPG) (Kill orin, 1992). The major differentiating factor of the mMUPG and the 

MUPG was that the urethral pressure was measured at the location of the prostatic 

urethra, whereas, the MUPG measured the urethral pressure at the level of the 

mid-membranous urethra (rhabdosphincter). This study differs further from Killorin's in 

that it did not subgroup patients according to their voiding function on urodynamics, 

except for the omission of patients with detrusor areflexia. 
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Procedures 

Urologic evaluation included pressure flow studies, veiding cystourethrography, 

renal ultrasound, renal function studies, serum creatinine, and urine cultures. 

Nuclear function studies, serum creatinine, and renal ultrasound assessed renal 

function and anatomy. All pressure flow studies were performed with a moderate fill-rate 

of 35mllmin of isotonic solution or radiographic contrast via a triple lumen urodynamic 

catheter via the distal port. All pressure flow studies were performed with simulta;neous 

superficial electromyography (EMG). The urodynamic and rectal cathe~ers were used for 

intravesicle/urethral and abdominal pressures, respectively. Most studies were carried 

out in the supine position due to patient immobility; other studies were in the seated· 

position. 

All urodynamic studies were performed on the Dantec Menuet 9023 model. 

Radiologic imaging, such as voiding cystourethrography, renal function tests, and 

renal ultrasound were recorded from the radiologist interpretation. The presence or 

absence of vesicoureteral reflux, hydronephrosis, or urolithiasis was reported as either 

"positive" or "negative", respectively. Urinary tract infections were considered. present 

with organism specific culture with a colony count> 100,00 cfulml. Symptomatic 

urinary tract infections were identified at th~ physician's discretion based on clinical 

suspicion (fever, chills, sweats, etc.). Renal insufficiency was considered a positive 

finding if the serum creatinine was> 1.5 mg/dL or decreased calculated glomerular 
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filtration rate (GFR) on kidney function imaging studies, primarily Technetium 99M, 

DTP A Renal Scan. 



RESULTS 

Statistical analysis was performed using a Receiver Operating Characteristic 

(ROC) curve. The ROC curve was determined for the following urological entities: 

stones, vesicoureteral reflux, hydronephrosis, renal insufficiency, symptomatic or culture 

positive urinary tract infections, or any of the urological diagnoses. 

Means, standard deviations, t-statistics, and the corresponding p-values are given 

in Table 1 for mMUPG, Max Pdet, and Max Pura for each diagnosis. Only one 

statistically significant difference between mean mMUPG values was found. Those with 

renal insufficiency had significantly lower (p=0.0416) mMUPG values than those 

without renal insufficiency. Only one statistically significant difference between mean 

Max Pdet values was found. Those with stones had significantly lower mean Max Pdet 

values than those without stones (p=0.023.3). No statistically significant differences 

between mean Max Pura were found for any ofthe.diagnoses~ . 

Sensitivities and specificities correspon4ing to the value ofmMUPG, Max Pdet, 

and Max Pura that best discriminate between those: with and without the diagnosis are 

given in Table 2. Sensitivities and specificities were not high. 

Table 3 gives the area under the ROC curve and its corresponding 95% 

confidence interval (CI) for mMUPG, Max Pdet, and Max Pura. Additionally, the test 

16 
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comparing the areas of the mMUPG and Max Pdet are given. Only one area under the 

ROC curve indicated that it could distinguish between those With and those without the 

disorder better than a fifty-fifty chance and this was for the Max Pdet for stones (95% CI 

does not include 0.50). Additionally, areas under the ROC curve were not different 

between the mMUPG and the Max Pdet for any of the diagnoses of interest. 
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Table 1: Means, standard deviation and t-tests for mMUPG and Max Pdet by diagnosis. 

Diagnosi~ mMUPG MaxPdet MaxPura 
Mean SD p-value Mean SD p-value Mean SD 

p-value 

Stones 0.0998 0.0233 
0.0421 
Yes 54.91 29.81 63.17 29.31 25.17 9.51 
No 66.92 34.33 79.14 33.07 29.61 13.79 

VUReflux 0.9393 0.7852 
0.1442 
Yes 66.58 32.47 76.79 30.19 26.09 10.75 
No 66.11 33.83 78.39 32.77 39.68 13.83 

_Hydro 0.9105 0.9768 
0.6119 
Yes 64.78 41.51 78.44 38.78 31.67 16.39 
No 66.07 33.99 78.12 32.90 29.34 13.60 

RI 0.0416 0.0595 
0.2404. 
Yes 60.93 29.39 73.53 28.67 30.70 12.63 
No 67.63 35.23 79.56 33.98 28.99 13.88 

UTI 0.1083 0.0943 
0.3244 
Yes 68.73 35.05 80.76 33.95 29.97 46.58 
No 64.09 33.06 76.10 31.75 28.83 13.85 

Any Diagnosis 0.1483 0.1550 
0.2908 
Yes 68.14 34.54 . 79.97 33.50 29.75 14.54 
No 63.99' 33.16 76.02" 31.8.5 28.54 14.90 
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Table 2: Sensitivity (Se) and specificity (Sp) at the corresponding cut point (CP) that best 
discriminates between those with a diagnosis and those without. 

Diagnosis mMUPG Max-Pdet MaxPilra 
CP Se Sp CP Se Sp CP Se Sp 

Stones 51 0.61 0.64 60 0.48 0.82 24 0.52 0.68 

VUReflux 90 0.85 0.28 91 0.82 0.30 27 0.64 0.56 

Hydro 32 0.33 0.82 43 0.22 0.89 20 0.33 0.86 

RI 68 0.70 0.47 78 0.67 0.46 40 0.81 0.32 

UTI 57 0.42 0.66 107 0.80 0.28 30 0.54 0.56 

Any Diagnosis 83 0.71 0.35 103 0.77 0.32 30 0.51 0.56 



Table 3: Area under the ROC curve, corresponding 95% confidence intervals, and tests 
comparing AUC for ROC between mMUGP and Max Pdet. 

Diagnosis mMUPG MaxPdet 
p-value 

AUC 95%CI AUC 95%CI 

Stones 0.609 0.48-0.73 0.651 0.53-0.78 
0.1772 

VUReflux 0.498 0.40-0.60 0.507 0.40-0.61 
·. 0.7239 

Hydro 0.441 0.26-0.62 NC NC 

RI 0.555 0.49-0.62 0.550 0.49-0.61 
0.7436 _:: 

UTI 0.542 0.49-0.59 0.546 0.50-0.59 
0.7377 

. ' 

Any Diagnosis 0.538. . 0.49-0.59 0.540 0.49-0.59 
0.8662 

Diagnosis MaxPura 
AUC 95%CI 

Stones 0.596 0.47-0.72 

VUReflux 0.585 0.48-0.69 

Hydro 0.520 0.33-0.72 

RI 0.547 o.49- 9~Rl 

UTI 0.540 0.49-0.59 

Any Diagnosis 0.534 0.49-0.58 

NC- Not calculable due to small numbers of those with the disorder. 

20 
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Figure I. ROC curve for mMUPG on Urinary Tract Infections. 
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Figure II. ROC curve for mMUPG on Renal Insufficiency. 
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ROC- Curve for m·MP.UG: on VU ·,Reflux. 
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Figure III. ROC curve for mMUPG on Vesicoureteral Reflux. 
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Figure IV. ROC curve for mMUPG on Hydronephrosis. 
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Figure V. ROC curve for mMUPG on Stones. 
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Figure VI. ROC curve for mMUPG on Any Diagnosis of Upper Tract Distress. 
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Figure VII. ROC curve for Max Pdet on Urinary Tract Infections. 
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Figure VIII. ROC curve for Max Pdet on Renal Insufficiency. 
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Figure IX. ROC curve for Max Pdet on Vesicoureteral Reflux. 
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Figure X. ROC curve for Max Pdet on Hydronephrosis. 
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Figure XI. ROC curve for Max Pdet on Stones. 



32 

:siiiiiSitiv_i~Y.---------------------------------, . ·a·.o 

·0'.9: 

.j)·.s: 

,'();-0: ~· ;..:;..., -;-.,,........;-;-;-....;..-,-;-+-+--,-;.---r--;-.:.;-...;.--+....;,--i--r--,-+-;--.,,...-,-;-;--'-r--1:....-.r--T--:T--,-;.~T--';-.....-T~i-'-i-+-r...,-T-i~..;:-....;TI 
o:;o· 6.'r·. · 'o.2 0.3 0.4 

Figure XII. ROC curve for Max Pdet on Any Diagnosis of Upper Tract Distress. 
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Figure XIII. ROC curve for Max Pura on Urinary Tract Infections. 
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Figure XIV. ROC curve for Max Pur a on Renal Insufficiency. 
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Figure XV. ROC curve for Max Pura on Vesicoureteral Reflux. 
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Figure XVI. ROC curve for Max Pura on Hydronephrosis. 
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Figure XVII. ROC curve for Max Pura on Stones. 
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Figure :xvm. ROC curve for Max Pura on Any Diagnosis of Upper Tract Distress. 



DISCUSSION 

Most investigators agree that patients with a persistent intravesical pressure 

greater than 40 em H20 are at risk for developing upper tract deterioration (McGuire, 

Woodside, Borden, et al. 1981). This accepted data regarding the influences of 

intravesicular pressure in the neurologically impaired population was exlnoited in 

children. 

Killorin et al (1992) descnbed a mean urethral pressure gradient in adult SCI 

males and its predictive value in detecting patients at risk for developing upper urinary 

tract distress. However, the MUPG values descnbed in Killorin's pilot group were 

recorded in a small cohort of fifteen SCI adult males. 

Killorin demonstrated those patients managed by reflex voiding with a mean 

urethral pressure gradient of 80 em of.H20 or greater were at high risk fo~ developing 

upper urinary tract distress. Patients with a urethral pressure gradient of 50-79 em of H20 

exlnbited a greater risk of febrile urinary tract infection than those patients with gradients 

below 50 em ofH20. My study of a modified mean urethral pressure gradient did not 

reflect comparable results ofKillorin's MUPG. 

Additionally, my findings did not support McGuire's (1981) study of elevated 

detrusor pressures having a detrimental effect on the upper urinary system. 
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In this investigation, the mMUPG, ari urodynamic variable, demonstrated clinical 

significance in one area regarding upper urinary tract distress. :The mMUPG value was 

inversely associated with the upper tract finding of renal insufficiency. These findings 

were surprisingly contrary to the original belief that renal insufficiency would have 

higher prevalence with an elevated mMUPG. But those spinal cor~ injury and multiple 

sclerosis patients with renal insufficiency had significantly lower mMUPG values than 

those without. 

I credit this inverse relation to the vast possibilities of concomitant diagnoses that 

· may have an influence on the kidney's ability to properly function. These disorders 

include hypertension, metabolic disorders, end stage renal disease, diabetes mellitus, and 

age-related changes. Other contn'buting factors may also include dehydration and 

malnourishment. 

As discussed, MUPG values may be misrepresented due to the urethral pressure 

location at the external sphincter and be falsely elevated due striated muscle spasticity. 

Although studies do sugg~st that a large portion of men have striated muscle extending to 

the bladder neck and supramontane urethra, valuable information may be gained by 

measuring urethral pressures at the level of the prostatic urethra (Yalla et al. 1977). The 

additional data obtained from proxll:nal urethral measurements, especially the prostatic 

urethra, warr8!J.tS further investigation. 
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The diagnosis of renal insufficiency was defined as a serum creatinine 

level> 1.5 mg/dL or findings demonstrated on renal ~ction scan. The diagnosis criteria 

for renal insufficiency could have been more specific to include proteinuria and 

creatinine clearance as others have do~e '(Weld et al. 2000). Like Weld et ·al, I did 

include abnormalities on renal function or nuclear medicine scan as positive findings for 

renal insufficiency, and concur that creatinine production is highly variable in the .SCI 

population. 

A second finding was in regard to the mean maximal detrusor pressure values, 

- . 

Max Pdet. Those individua~ with stones had significantly lower mean Max Pdet values 

than those without stones. Once again, this finding is in opposition to the accepted idea 

that elevated detrusor pressures during contraction are associated with increased risk of 

upper urinary tract complications. The incidence of stones ( 4.29%) within this 

investigation may be somewhat lower when compared to other studies with similar 

population (Hall et al. 1986). 

This finding is contrary to McGuire's (1981) findings that illustrate the effects of 

elevated detrusor pressures and its contribution to upper urinary tract complications. 

Due· to the high incidence of urinary tract infections among this spinal cord 

population ( 4 7. 7 6% ), it is difficult to distinguish those patients who truly had stones as a 

result of elevated intravesicular pressures from those who may have suffered from 

urolithiasis with other infectious etiologies contributing to precipitous events. 
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The diagnosis of renal insufficiency was defined as a serum creatinine 

level> 1.5 mg/d.L or findings demonstrated on renal function scan. The diagno.sis criteria 

for renal insufficiency could have been more specific to include proteinuria and _ 

creatinine clearance as others have done (Weld et al. 2000). Like Weld et al, I did 

include abnonnalities on renal. function or nuclear medicine scan as positive findings :for . 

renal insufficiency, and concur that creatinine production is highly variable in the SCI 

population. 

A second finding was in regard to the mean maximal detrusor pressure values, 

Max Pdet. Those individuals. with stones had significantly lower mean M~ Pdet values . 

than those without stones. Once again; this. finding is in opposition to the accepted idea 

that elevated· detrusor pressures during contraction are associated with increased risk of· 

upper urinary tract complications. The incidence of stones ( 4%) within this investigation 

may be somewhat lower when compared to other studies with similar population (!fall et 

al. 1986). 

This finding-is contrary to McGuire's (1981) findings that illustrate the effects of 

elevated detrusor pressures and its contnbution to upper urinary tract complications. 

Due to the high incidence of urinary tract infections among this spinal cord 

population ( 4 7 % ), it is difficult to distinguish those patient~ who truly had stones as a 

result of elevated intravesicular pressures from those who may have suffered from 

urolithiasis with other infectious etiologies _contributing to precipitous events. 
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Genitourinary instrumentation, dehydration, and vesicoureteral reflux also may have been · 

contributing factors to renal calculi in this patient population.· 

To my lmowledge, there is no reported data evaluating proximal urethral 

pressures, specifically the prostatic urethra, as a predictor on the risk of developing upper 

urinary tract distress. In addition to the mMUPG and Max Pdet variables, I analyzed the 

urethral pressure (Pura) measured at the level of the prostatic urethra for possible · 

prognostic capabilities in detecting upper tract findings in this SCI population. 

No clinical significance was found for Pura as an indicator of upper urinary tract 

distress defined by my criteria. But the lack of positive findings in the context of this 

study does not remove the informative properties of prostatic urethral pressures in 

urodynamics. 



SUMMARY 

This investigative analysis ()f~od~B:Ulic studies ofSC.I and·MS patients 

evaluated the prognostic value of an urodynamic variable, the mMUPG, as an indicator 

of upper urinary tract distress. Only one statistically significant difference between the 

mMUPG valu~s was detected. Those patients with lower mMUPG demonstrated a 

higher incidence of r~nal insufficiency than those without the disorder. However, 

underlying medical conditions and a high incidence of urinary tract ilifections may have 

contributed to stone formation r~ther than elevated intravesicular pressures. 

The inverse association of mMUPG and renal insufficiency is sUrprising. I 

expected to find an elevated mMUPG value with a high incidence of renal insufficiency 

and vice versa, but the opposite was discovered in this study. The renal function 

parai:neters for renal insufficiency were limited to serum creatinine and· nuclear medicine 

function studies. These studies can be subject to dehydration in part, and do not 

necessarily account for age-related changes of renal function over time. 

Most noteworthy were the findings associated with intravesicular pressures; Max 

Pdet. Intravesicular pressure has been accepted as the monitoring value for upper urinary 

tract distress. However, the results from this study only revealed predictive properties for 

the upper tract filiding of stones. As depicted in the findings of mMUPG value and 

presence of renal insufficiency, an inverse relation is suspicious for influential 
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concomitant factors. The high incidence of urinary tract infections may have also 

contributed to the unexpected findings. 
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Pressures measured at the prostatic urethra during maximum detrusor contraction 

(Max Pura) were also analyzed for prognostic properties in identifying those at risk of 

developing upper tract distress. Although. Pura is a variable in the mMUPG_ formula (see . 

formula), I included this in the analysis because it is the urethral pressure without the 

direct influence of detrusor pressures. Even though no statistical s~gnificance was 

reported for this variable in this particular study, it does not discredit the value of the 

information gained by prostatic ·urethral measurements. Urethral pressures measured at 

the level of the external sphincter may be influenced by the striated muscle and 

misrepresent the true. function of the vesica-sphincteric mechanism as seen during 

urodynamics. More information in the area of the proximal"urethra will need to be 

gathered before any conclusive statements can be made regarding the prognostic value of 

the mMUPG as an indicator or upper urinary tract distress. 

Perhaps more definitive conclusions can be made concerning these described 

variables. Findings of upper tract distress should be compared to the time interval from 

initial spinal cord injury or neurological presentation. Patient age at the time of SCI and 

type of bladder management may also be further assessed for correlation with upper tract 

distress~ 
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APPENDIX A: Research Design 

Urodynamic studies were reviewed for adult males with spinal cord injury or 

multiple sclerosis and presence of detrusor contraction with micturition. The urethral 

pressure at maximum detrusor contraction (PuraPdetmax) was subtracted from the urethral 

pressure immediately prior to detrusor contraction (PuraPdetbase). This value was 

deducted from the maximal detrusor pressure and called the modified mean urethral 

pressure gradient (mMUPG). The mMUPG, PuraPdetmax, and PuraPdetbase were analyzed 

for their predictive properties in identifYing adult males with SCI or MS at risk for 

developing upper urinary tract distress defined as. stones,. vesicoureteral reflux, 

hydronephrosis, renal insufficiency, or symptomatic or ·culture positive urinary tract 

infection. 

Two sample t-tests were used to examine differences between those having and. 

not having a diagnosis of stones, vesicoureteral reflux, hydronephrosis, renal 

insufficiency, and symptomatic or culture positive urinary tract infection, and any of the 

diagnoses for Max Pdet, Max Pura and mMUPG. Additionally, receiver operating 

characteristic (ROC) curves, which are a plot of the sensitivity versus 1 minus the 

specificity at each value of the screening tool, were used to determine the value of 

mMUPG that best distinguished between those who had the diagnosis and those who did 

not for each of the above.diagnoses. The value ofmMUPG that corresponds to the value 
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that best distinguishes between those with and those without the diagnosis is the point 

along the ROC curve with the greatest perpendicular distance. from the line of chance (the 

line connecting (0,0) to (1,1), i.e. the point which maximized the sensitivity and the 

specificity). ROC curve analyses were also done ~or Max Pdet and Max Pura. 

Finally, a two-sample z-test was used to examine whether the area under the ROC 

curve, a value that indicated the ability of the screening test to distinguish between those 

with and those without the disorder as a whole, between the mMUPG and the Max Pdet 

for each diagnosis were different. 

Delimitations 

. This study was a retrospective review of urodynamic and urologic evaluations 

performed on adult males with spinal cord injury or multiple sclerosis. The urodynamic 

studies reviewed were performed between November 1991 and June 2002 at the Veterans 

Affairs Medical Center, Augusta, Georgia. The scope of investigation was limited to 

studies performed on adult spinal cord injured males with voiding during detrusor 

· contraction demonstrated on urodynamics. 

The Modified Mean Urethral Pressure (mMUPG),.maximal detrusor pressure 

(Max Pdet), and urethral pressure during maximum detrusor contraction (Max Pura) were 

analyzed to determine if they possessed predictive properties for individuals at risk for 

developing upper urinary tract manifestations complications. These upper urinary tract 

complications were defined as vesicoureteral reflux, hydronephrosis, symptomatic or. 
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culture positive urinary tract infections, stones, or renal insufficiency~ 

Limitations 

Limitations within this study include a number of uncontrollable issues. It is 

difficult to account for.otherfactors that may c_ontnotite_ t? the- signs ofupper urinary tract 

distress by our criteria. Hypertension, end.stagC? renal disease, metabolic disorders, and 

infectious pr_ocesses may all influence tht! state' of renal function and contnbut~ to the 

diagnosis of reruu insufficiency based on the given definition. 

There was not a control cohort:_ fort~ study.inve~~igation, thus the advantage of 
~ . . . . ' 

comparison for urethral pressures was :-n~t possfule. 

Because this was_a retrospective study, not all urodynamic information was 

available for review. _ Incomplete or unavailable data were not included for that particular 

urodynamic study. 



APPENDIX B: Review of the Literature 

Spinal cord injury can be a devastating event in the lives of the individuals and 

their families. According to previous data, spinal cord injury affects approximately 

100,000 individuals annually (Apple & Hudson, 1989). Although, the primary insult of 

spinal cord injury can be serious, the associated complications can be equally as 

. threatening. In fact, many patients afflicted with spinal cord injury suffer from either 

multiple injuries or multiple levels of spinal cord injury that contribute to adverse effects 

on the bladder and sphincter function (Kaplan, Chancellor, & Blaivas, 1991 ). The 

. urological management after spinal. cord injury requires continual monitoring and 

occasionally frequent adjustments. 

The fundamental principle of urological management in spinal cord injury is the 

preservation of renal function (Mundy et al. 1994). Spinal cord injury can be classified 

into two syndromes: lower motor neuron and upper motor neuron. Within the lower 

motor category, injury to the sacral (S2-S4) hom cells or their associated axons leads to 

impaired motor output to the bladder and decreased or absent detrusor contractility 

(flaccidness). The upper motor neuron syndrome is characterized by the. disruption of the 

descending spinal pathways that influence or modify input to the sacral micturition 

center. This is manifested by the loss of cortical inhibition of sacral reflex area -(Burns, 

Rivas, & Ditunno, 2001 ). 
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Injuries classified as upper motor neuron injuries disrupt communication between 

the pontine (brain stem) and sacral micturition centers. This can lead to the impaired 

coordination of detrusor contractions with accompanying events such as failure of 

relaxation of the bladder neck, internal sphincter, and external sphincter (McGuire & 

Brady, 1979) (Y alla,. Gabilondo, Blunt, Fam, Castello, & Kaufman, 1977). This type of · 

manifestation is often referred to as detruso~ sphincter (external). dyssynergia. 

Consequently, a reflexic bladder will contract against an outlet obstruction because of a 

cJosed bladder beck, internal sphincter, or external sphincter. 

· . Lower motor neuron injuries are ones that interrupt the local reflex arc, which 

consists of afferent input from the detrusor,. sacral micturition center (S2-S4), and efferent 

input to the detrusor. The end result is detrusor areflexia. Other clinical findings that· 

may accompany ~detrusor areflexia are saddle anesthesia, reduced anal sphincter tone, loss 

of voluntary sphincter control, and the absence ofbulbocavemosus.reflex (Bums et al. 

2001 ). Bladder trabeculation is an early form of deterioration that develops in the face of 

·detrusor instability and. outflow .obstnl~tion (Shah, Whitehlde~ Milroy, & 

Turner-W ardwick, 1981) and should be noted as impending insult to the upper urinary 

system. 

The rate of .change in intravesicle volume over the change in intravesicular 

pressure is lmown as compliance' (Abrams, 1997). ,The neurologically intact bladder 

should have compliance in relation to low bladder pressure filling. Therefore, it should . 

be able to accommodate increasing volumes over time without a rise in intravesicular 
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pressure. Conversely, a poorly compliant bladder will demonstrate high intravesicular 

pressures during filling (Chancellor & Rivas, 1995). It is in this setting that upper urinary 

tract distress develops and where urodynamics and upper tract evaluation can be very 

effective. Urodynamics plays a vital role in the characterization and diagnosis of 

urological pathology in the spinal cord injured population. 

The bladder is composed of smooth muscle and divided into the base (trigone), 

body, and neck. The intenial sphincter is located just below the junction of the bladder 

neck and urethra The external sphincter (rhabdosphincter) is comprised of striated 

muscle just distal to the prostate that surrounds the urethra in males. For successful 

micturition to occur, a series of coordinated events must.take place between the bladder. 

and urethral components. There must be sudden relaxation of the striated muscle of the 

external sphincter, pelvic floor, and initiation of the detrusor contraction. Following 

detrusor contraction, there is a physiologic· reduction of urethral pressures mediated by 

relaxation of the internal and external sphincters, and widerung of the bladder neck 

(Burns et al. 2001). 

The spinal cord is a complex apparatus and any insult to it or its components may 

produce a variety of urological complications and a mixture of presentations. 

Following spinal cord injury, there is a period of time referred to as "spinal 

shock". This is descnoed as the transient loss or depression of neural activity below an 

~ute spinal cord lesion. As seen in animal models after spinal cord transection, it was 
I . 
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thought to be a response due to an abrupt interruption of all descending excitatory and 

inhibitory influences. Initial signs of spinal shock include hypoactivity, flaccidity, and 

areflexia. Duration in humans may range from several weeks {Carpenter, 1994) to 
·" 

months (Mundy et al. 1994). In the case of incomplete spinal cord transection, deep 

'c 

tendon reflexes may return within an hour of initial injury (Mundy et ~- 1994). A small . 

number of patients have experienced some return of reflex activity up to two years. after 

the initial spinal cord injury (Arnold, Fukui, Anthony, & Utley, 1984). Some believe that 

irreversible bladder surgery, such as augmentation, should be deferred for approximately .. 

one year because the bladder. may have some return of myotonic function (Chancellor &. 

Rivas, 1995). 

Signs of resolving spinal cord. shock are seen by the return of reflex activity to the 

striated muscles of the pelvic floor and heralded by the return of the bulbocavernosus and.· 

anal skin reflexes. 

In the acute hospital setting, intermittent catheterization is performed using sterile 

technique by ancillary medical staff. Those patients capable of learning and executing 

self-intermittent catheterization are instructed to use the clean technique, in both inpatient 

and outpatient settings (Lapides, Diokno, & Silber, 1972). 

The use of an indwelling foley as means of bladder decompression should be used 

as a last resort. The high incidence of bladder cancer among patients with long-term 

indwelling foley catheters is alarming. The predominate type being squamous cell 
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carcinoma. Though squamous carcinoma comprises only 5% or less of all bladder 

cancers among SCI patients, it is often an aggressive tumor, With the patient often 

presenting with metastatic disease at the time of diagnosis. Histologically, there is an 

eosinophilic inflammatory response at the site of the catheter that is associated with 

urothelial dysplasia and squamous dysplasia (Goble, Clarke, & Hammonds, 1989). The 

development of metaplasia and neoplasia is closely related to the duration of foley 

catheterization (Bickel, Culkin, & .Wheeler, 1991 ). However, a few centers support the 

use of long-term indwelling foley catheters, :finding.complication rates are not higher 

than other management.techniques·{Dewire, .. Owens, & Anderson, 1992) .. Other urologic.: 

management. strategies. include. pharmacologic therapies and cystotomy diver~ions •.. 

Clinical and neurological examinations help determine the urologic management 

of SCI patients; however, there is· no accurate clinical method available to determine the· 

pressures of the bladder. Therefore, the need for periodic cystometrogram is vital to 

gather information regarding the bladder (Wyndaele, 1992). The previous standard · 

urologic management of the SCI patients was ~ased on urinary tract monitoring with 

periodic radiographic examination. Unfortunately, by the time anatomical changes have 

become evident on radiographic studies, irreversible alterations in the structure and 

function may have already occurred. For this reason, the importance of frequent 

urodynamic evaluation is imperative (Chancellor & Rivas, 1995). The American 



Paraplegia Society has published guidelines for the urological evaluations of SCI 

individuals (Lisenmeyer & Culkin, 1999). Annual follow-up is·recommended for the 
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first 5-10 years after initial spinal cord injury. If the patient continues to do well, the 

follow-up interval can be reduced to every other year. Serum creatinine should be 

evaluated initially and then every one to two years. The upper (kidneys and ureters) and 

lower (bladder and ur~tbra) urinary tracts should be assessed initially and then annually 

for the first 5-10 years and afterwards every other year. Upper tract studies include 

periodic nuclear renal scans and plain abdominal radiographs. Plain films allow 

visualization of some calculi. The renal scan is probably the most effective test with the 

fewest adverse effects for monitoring renal function' (Ho:ffinan & Grayhack, 1960) 

(Kuhlemeier, Lloyd, & Stover, 1985) (Kuhlemeier, Huang, Lloyd, et al. 1985) (Lloyd, 

Dubovsky, &'Bueschen, et al. 1981). Additio~y; urodynamics should be performed at . 

the same intervals as upper and lpwer urinary tract screening (Esrig, McEvoy, & Bennett, 

1992). Annual cystoscopy is recommended for individUals- who have mdwelling foley or 

suprapubic catheters for squamous cell carcinoma (Kaufinan, Fam, Jacobs, Gabilondo, 

Yalla, & Kane, et al. 1977). 

As noted, the effects of spinal cord injury on the bladder may affect the bladder in -

several different ways. One manifestation of lower urinary tract dysfunction is detrusor 

areflexia. Like that of spinal shock, the bladder is noncontractile or flaccid. This 

manifestation is due to injury to the spinal cord or nerve roots in the sacral spinal cord or 
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cauda equina. Presentations of complete transection will include absence of reflex penile 

erections, no lower extremity spasticity, no bulbocavernosus reflex or anal wink. 

Characterizations of detrusor areflexia may include nonrelaxation of smooth muscle 

sphlncter, denervated striated sphlncter, or nonrelaxation of striated sphincter (Hackler, 

1984). 

Another example ofbladder dysfunction as a result of SCI is detrusor 

hyperreflexia. This manifestation is due to a lesion above the sacral reflex arc 

( suprasacral) that disrupts the tracts emerging from the higher centers. As descnoed, the 

centers for coordination between the detrusor nucleus and the pudendal nucleus are 

located withln the pons; any disruption along the tracts between the pontine (brain stem) 

and sacral (82-84) micturition center may result in detrusor hyperreflexia and also 

striated sphincter dyssynergia (SSD) (Hackler, 1984). Experiments have shown that 

there are neurological differences in neurologically intact individuals and SCI 

individuals. ·Descending pathways from the brain demonstrate enhanced excitability after 

SCI, while reorganization may occur within the cortical motor representation areas of the 

brain itself. It is believed that spinal transection may unmask pre-existing synapses that 

permit proportionately larger evoked potentials and shorter latencies in muscles proximal 

to the level ofthe lesion (Chancellor & Rivas, 1995). 

An exaggerated reflex response is seen with bladder filling after suprasacral. 

spinal cord trauma. This may in fact be due to a sprouting of new neural pathways, the 
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loss of inhibitory impulse transmission, or development of more primitive alternative 

pathways (de <;Jroat & Kawatani, 1985). Detrusor hyperreflexia may evolve from brief, 
' 

low-level contractions initially to become· prolonged, forceful contractions. It is this type 

of exaggerated response that supplies the descriptive name detrusor hyperreflexia. 

Detrusor-external sphincter dyssynergia is characterized by contraction of the 

external (striated) sphincter during an involuntary detrusor contraction (Blaivas, Sinha, & 

Zayed, et al. 1991). Unlike neurologically intact patients, there is no prevoiding decrease 

in urethral pressure and external sphincter contraction occurs simultaneously with or 

immediately after the onset of a detrusor contraction. Detrusor-sphincter dyssynergia is · 

seen in between· 70-100% of patients with suprasacral cord lesions following spinal cord 

injury (Thomas, Smallwood, & Graham, 1975). 

Complications associated· with spinal cord injury are long-term and therefore 

require periodic monitoring. One of the most detrimental urologic complications 

associated with SCI are urinary tract infections (UTI) (Chancellor & Rivas, 1995) 

(Anderson, 1986). Under normal conditions the urinary tract is sterile except for the 

distal urethra. Bacterial invasion of the upper urinary tract is prevented by the 

mechanical barrier of the urethra, flushing force of the urinary stream, and anti-adherence 

effects of the bladder and urethral linings, and antibacterial enzymes and antibodies 

(Stover, 1993). 
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Risk factors that predispose SCI patients to urinary tract infections include urinary 

tract instrumentation, bladder overdistention, vesicoureteral reflux, high voiding 

pressures, large postvoiding residual urine volumes, calculi, and outlet obstruction caused 

by detrusor-sphincter dyssynergia, urethral stric~e, or prostatic enlargement. Indwelling 

catheters, intermittent catheterizations, and external collecting devices .are all associated 

with an increased risk ofUTI (Schaeffer, 1986) (Maynard, Cardenas, & Krause, et al. · 

1992). 

The treatment of asymptomatic bacteriuria has been a debated topic. The 

recommended use of prophylactic antibiotics for,the treatment of asymptomatic. 

bacteriuria in S.CI patients .. was .unnecessary and not associated with harmful effects on . 

the bladder or renal function (National Institute, 1992). However, exceptions include 

episodes with concomitant. vesicoureteral reflux or an asymptomatic urinary infection 

with a urease-producing organism, such as Proteus (Maynard et al. 1992). Other patients 

with symptoms of a UTI should be treated with antibiotics (Deresinski & Perkash, 1985). 

In addition to urinary tract infections, vesicoureteral reflux combined with chronic 

bacteriuria is extremely detrimental to renal function in SCI (Hackler, 1977). There is 

also a high incidence of hydronephrosis and stones in SCI patients with vesicoureteral 

reflux (Hall, Hackler, & Zampieri, 1986). Vesicoureteral reflux and/or hydronephrosis 

were reported in 33% of spinal cord injured patients treated with intermittent 

catheterizations by Nanninga, Wu, and Hamilton (1982). This incidence seems high 
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compared to other studies, but nonetheless, there is increased prevalence compared to 

other populations described by Perkash and Giroux that reported vesicoureteral reflux in 

6% of SCI subjects (Perkash & Giroux, 1982). 

It is documented that elevated intravesicle pressure is the primary reason for 

upper urinary tract distress (Butler, Friedland, & Govan, 1971) (Ghoniem, Roach, Lewis, 

& Hannon, 1990). Several means to reduce elevated intravesicle pressures have been 

used, one of which is external sphincterotomy with subsequent external catheter urine 

collection. 

This retrospective stud1 used serum creatinine as an independent variable to · 
- ~ . 

assess,renal function as· an indicator of upper urinary tract distress.· Weld et a1 (Weld, 

Wall, Mangold, Steere, & Dmochowski, 2000) conducted a retrospective study on SCI 

patients to determine the significance of bladder management on renal function in this 

population. Serum creatinine, creatinine clearance, and proteinuria measurements were 

used to assess renal function and upper tract abnormalities on renal ultrasound and 

nuclear medicine renal scan. Their findings revealed that when serum creatinine was 

used as a marker of impaired renal function, no independent predictors were identified. 

Ho~ever, when assessed by creatinine clearance, the independent predictors of impaired 

renal function were patient age and bladder management method, while the latter factor 

was the only independent predictor or proteinuria and vesicoureteral reflux were the only 

predictors of upper tract abnormalities. Similar to studies by Weld et al, limitations 
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within my investigation did not account for the possible influence of hypertension or 

pyelonephritis in my study population. Nor did I consider conditions of age-related 

changes or nutrition status (Weld et al. 2000). 

As illustrated in previous studies, SCI patients have an increased risk for renal 

calculi formation. In an autopsy series ofSCI, Tribe and Silver (1969) found a 39% 

incidence of renal stones in patients that died secondary to renal failure as compared to 

18% that died of normal nonrenal causes. Likewise, other findings show a similar 

frequency. In a review of 898 patients, the overall incidence of renal stones was 14.8 % 

and this incidence increased to 37% in the presence·ofvesicoureteral reflux (Hallet al. 

1986). Stone formation is heightened by the presence of Proteus ~d other bact~uria 

(excluding Escherichia coli); suggestions have been made to reduce the incidence 

(Griffith, Gibson, Clinton, & Musher, 1978). 

Another upper urinary tract finding related to increased intravesicular pressure is 

hydronephrosis. Hydroureteronepbrosis is common in the SCI population, with an 

incidence of over 14% after 20 years (Hackler, 1977). The prevalence of hydronephrosis 

is largely due to low vesicle compliance; however, a complete urodynamic evaluation is 

suggested to rule out other etiologies. A report showed that of 43 SCI pati~nts that 

possessed vesicoureteral hypo compliance; 64% had hydionephrosis and reflux ~was 

present ~ 46% (Kunin, 1987). In contrast, the normal compliant. group had an incidence 

of only 21% with some ·degree of hydronephrosis with 6% refluxing. Most of the patients 



with Grade 3 and Grade 4 hydrouretonephrosis had a combination of low vesicle 

. compliance and reflux. 
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The need to maintain low intravesicular pressures and preserve renal function is 

paramount. There are several urodynamic modalities and urologic tests that may be 

·employed to gain useful information reg~ding the urinary system. ·These include 

cystometry, sphincter electromyography, urotlowmetry, pressure flow studies, renal 

ultrasound or excretory urography, kidney function imaging, and serum creatinine. Some 

recommend 6-:-month kidney imaging and ultrasound, and if both remain stable,. yearly • 

follow-up .. Reasons for re-evaluation are change in condition such as new onset of 

urinary incontinence or syn1ptomatic. ~ary. tract. infections, or ch8;11ge in· creatinine of · 

ultrasound (Nygard & Kred~,' 1996). 

Numerous articles have been pu~lished regarding the elusive "ideal" urological 

management for _spinal cord patients. Klllorin et a1 (1.992) conducted a study to 

determine the influence of. tlrodynamic fincllngs and choice ofbl~dder management 

program and the risk of developing upper urinary tract distress following acute spinal 

cord injury. One hundred and sixty SCI males were categorized into three subgroups 

based on detrusor· function on urodynamics and associated bladder management 

programs. Most urodynamic studies were performed using gas-filled cystometry as 

opposed to fluid-filled. None of the 34 patients with preservation of detrusor function 

that managed· their bladders by spontaneous voiding showed signs of upper urinary tract 
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distress. Five (7%) of the 70 subjects with detrusor areflexia managed their bladders via 

· intermittent catheterization showed signs of upper tract distress manifested by 

vesicoureteral reflux, hydfon~phrosis, and urinary calcU:li. Fifty-six males who had 

detrusor hyperreflexia on urodynamics were managed by reflex.voiding program with 

condom drainage had findings of vesicoureteral reflux, hydronephrosis, urinary calculi, 

and febrile urinary tract infections (K.illorin et al. 1992). Although the percentage· of 

water urodyanmics in Killorin's study was small, the results did indicate that the number 

of subjects that experienced upper urinary tract distress was lower than those with normal 

upper tracts. However, urodynamics failed to assist in the prediction of those patients 

managed by reflex voiding at risk for developing upper urinary tract distress. Because 

urodynamic evaluation failed to predict the risk of those developing upper tract distress, a 

pilot group of fifteen SCI males with·· detrusor hyperreflexia underwent continuous 

urethral pressure monitoring. These SCI patients were managed by a reflex-voiding 

program at least 6 months prior to evaluation. Subjects that demonstrated obstruction on 

urodynamics from a source other than a dyssynergia sphincter (prostate or stricture) and 

history or surgery to the bladder outlet were excluded from the pilot group. From this 

data, an urodynamic variable was described, the Mean Urethral Pressure Gradient 

(MUPG). This variable was determined by placing a 3-lumen catheter into the bladder 

allowing simultaneous measurement of intravesicle and urethral pressures. The urethral 

pressure was measured at the point of maximum urethral closure pressure located at the 



67 

.·.-· :. . . -

. . 
. - . ~ 

. . 

mid-membranous urethra (rhabdosphincter} in the niale. ·The gradient was determined by 

calculating the difference between intravesical and urethral pr~ssure during detrusor 

contraction. In each instance, th~ pressure was measured from the baseline established 

immediately prior to contraction and the difference calculated during the maximum 

contraction pressure. This variable allowed quantification of the pressure gradient that 

exists across the sphincteric mechanism during· detrusor contraction (Kill orin et al. 1992). 

Conclusions within the article were that traditional urod)rnamics failed to distinguish 

patients managed. by a reflex-voidingprogram whe experienced upper tract distress from 

those who did not. However, the MUPG, urodynamic. calculation, was found to assist in 

the prediction for those who experienced upper urinary tract distress. 

There was a difference in the urodynamic studies when compared to the MUPG 

of the pilot group. A greater maximum voiding pressure was noted on.voiding in the. 

pilot group. This was evident because the MUPG measured pressure loss over the 

' . - . 

sphincter mechanism produced by obstruction. Although the sphincter EMG provided a 

qualitative analysis of the presence of absence of dyssynergia, the calculation of the 

MUPG quantified the magnitude of obstruction created by detrusor-sphincter 

dyssynergia. As noted in Kill orin's findings, a larger patierit group should be studied 

before more conclusions can be made regarding the predictive value of a mean ~ethral 

pressure gradient. 
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This retrospective study is similar to Kill orin's investigation, in that I followed a 

urodynamic variable calculated from urodynamic information. The mean urethral 

pressures gradient served as a model formula in this investigation. However, the location 

for measuring the urethral pressure differed from Killorin. The urethral pressures were 

measured at the level of the prostatic urethra with concoi:nitant measuring of 

intravesicular pressures and EMG monitoring. All of the ur~dynamic studies were 

performed using isotonic or imaging contrast as the cystometric filling solution. My 

belief is that the MUPG, measured at the level of the striated external sphincter may be 

influenced by skeletal muscle spasticity during .:urodynamics. Th:us; the MUPG may not 
. -

adequately reflect the true actiVity and patency of the bladder neck and urethra, 

respectively. The MUPG may be subject to artificially elevated pressures in some SCI 

patients with increased muscle spastictty of the lower extremities/pelvic floor, including 

the rhabdosphincter, and may adversely affect the pressures used to calculate the MUPG. 

The Modified Mean Urethral Pressur€? Gradient (mMUPG) could provide similar. 

data and prognostic value for upper urinary tract distress. The mMUPG would be less 

influenced by muscle spasticity and. more reflective a more accurate "gradient" across 

the vesica-urethra mechanism. This data may provide a more precise indication for the 

intervention of a medical or surgical nature. 

My opinion was that the external sphincter, composed of striated muscle, played a 

significant role in influencing urodynamic studies regarding urethral pressures due to 
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muscle spasticity. However, I did not take into consideration that the periurethral striated 

muscle from the membraneous urethral region (external sphiricter) extends to the level of 

the bladder in many people. Data suggests that 48% of men had striated muscle 

extending to the bladder neck, and it extended to the supramontane urethra in 71 % (Y alla 

et al. 1977). ·Unless pressure recorditigs are taken from the bladder neck itself, the 

contribution of transient cgntractile responses of striated muscle may confound the 

interpretation of smooth muscle sphincter dynamics (Y alia & Resnick, 1997). However, 

this does not dampen the idea that urethral pr~ssures ·measured at the prostatic urethra can 
:-. r , • . • : 

offer significant information via urodynarirics. Actually, in some ways ,it supports the 

belief that mid-membrane~1:1s urethral :pressures .are ~uenced by their striated 

properties, and by measuring ure~al.presstire·s at the level of the prostatic urethra, 

patency of the bladder neck and external sphincter can be inferred by vesicular pressures 

and EMG activity, respectively. 

Identifying upper urinary tract distress in SCI patients is crucial to. decreasing 

morbidity and mortality in this population. Urological complications such as urinary 

tract infe~tions, vesicoureteral reflux, urolithiasis, hydronephrosis, and renal insufficiency 

can be harmful to svinal cord injured individuals and should be monitored closely so 

early _intervention can be made. Data reveals that thorough urodynamic monitoring can 

effectively detect SCI individuals at risk for developing upper urinary tract distress. 
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termination of this study. Reinstatement will only be granted following·-resubmission of the study to the . :. 
HAC. 

If Veterans Affairs 01 A) facilities will be involved in this study, you· must also obtain a letter of approval · 
from the VA Research Development Committee prior to involvement of VA facilities • 

.;.c:r.n,.,.,a. S. Schuster, D.D.S., Ph.D. 
Chairman 
Human Assurance Committee 
CJ-3301 

Cc: HAC file, chron 

'II 

: .·.·:.· 



Date: 

From: 

Subj: 

To: 

Department of 
Veterans Affairs 

May 16,2002 

. Memorandum 

Chairman, Research and Development Committee (24) 

Protocol Approval 

Charles Bean, Jr., PA-C 

The Research and Development Committee concurred with the recommendations of the 
appropriate subcommittees and approved your protocol entitled, "The Modified Mean 
Urethral Pressure Gradient. as it Relates to Urodymanics: A Prognostic Indicator of 
Upper Urinary Tract Distress" for use at the Veterans Affairs Medical Center. 

VAFORM 2105 
MAR 1989 



Project/Program Titl~be Mpdjfjed Mean Urethral Pressure Gradient as it Relates to 
Urodynamics: A Prognostic Indicator of Upper Urinary Tract -~! 

o . . 
1 1 

. Distress Charles P Bean, Jr., PA·C 
c-rtnctpu nvestlgLJ.tor -------------------------

VA~IC ____ A_u __ g_u_s_ta _________ Rc=view Dutc:: ---------

CO~ITTEE FINDINGS 

1. The information given in the Informed Consent under the Description of Research bv 
Investigator is complete~ accurate, and understnndable to a research subject or surrogate. 
who possess~s standard reading and comprehension skills. 

2. The informed consent is obtained by the principal investigator or· a trained and super
vised designate under suitable circumstances. 

3. Every effort has been made to decrease risk to subject(s)? 

4. The potential research benefits justify the risk to subject(s)?· 

5. If subject is incompetent and surrogate consent is obt~ined. have all of the following · 
conditions been met; a) the research can't be done on competent·subjects; b) there is no risk 

. to the subjec~ or if risk exists the direct benefit.to subject is substantially greater; c) lf an 
incompetent subject resist7 he/she will not have· to participate: -d) If there exists any question . 
about the subject's competency, the basis for decision on· competency has been fully 
described. 

6. If the subject is paid, the payment is reasonable and comrnensur~te with the subject's 
contribution.· 

7. Members of minority groups and women have been included in the study population 
whenever possibl~ and scientifically desirable. 

8. Co~ments: (Indicate if Expedited Review) 

RECOMMENDATION: 

~~= 10 .. 1223 

[]APPROVED D DISAPPRO\TE/REVISE 

THIS PROJECT IS EXEMPT 

EXISTING STOCK OF VAF 10·1223. 
JAN 1990, WIU. NOT BE USED 

[] 
D 

[] 
D. 
[] 
0 
iJ 
0 

[]. 
0 

D 
D. 
~ 

[] 
0 

YES 
NO 

YES 
NO 

YES 
NO 

YES 
NO 

·YES 
NO 

YES 
NO ..... 
:l.~A 

YES 
NO 



. _:.. 

· .. ·· ..•. 
. . ~-,. . 

- ---- -:-· ·- ~~ ......... ~- .. : . . •v•t::mora.noum 

.f?at~: June io, ·2aoz 
-· . .. . ... . . 

~rom: _Research Coordinator (1_512) 

Subj: Status ~f Pending Project 
' . 

:.;.:· ... 

To: Charles P. Bean, Jr., PA (222) 

· 1. This is to request information on the c~ent status of your pending project entitled "The Modified . 
Mean Urethi-ai Pressure Gradient as it ~elates t~ urodynamics: A Prognostic Indicator· of Upper 
Urinary Tract Distress". · 

2. The project was approved _by the' R&D Committee on May 13' 200Z. Data in our files ln4icate the . 
project is a nonfunded study with an an~c~pated starting date of May 1?, 2002. 

-~:):;:;;~~~/ ~ies P. Bean, Jr.; ·pA : -~ :~Z2,:,· ;; ~ ~~;~~·::_:;: ;,;_ :~ < / .. .~ . 

.. =_~. :-:_··: ... S~bj!_ Sia.tuS of Pending Pr~ject -·~··· '·,·.;· /:~:·;': -~~-!:~- .. · ... ·· ... , 

.· · •· ,~ : · :r~= R~eareh C:ciordinat~r Cl51,2) · ., . • · , ·. 
. .• - ! -~ :. 

. ·.:· . . :-

·. :-

... : . :; 
-: .:. 

D ~e p~oject will_not be initia~d. Please delete_ from yqur re~ords. 

D Oth~----------------------~----------------------------

._ .. _- .. 

. . 
. .. 

. . : . . : ~ 
. . ·. .~ .... 

:. : .· 

. ..... · ... 

£;~_{:~~.;&::.~i~:~t;~j:~~~;'_.j 
. '· . .·.· :. ~- .. ·., .. ~-: ~:}~;.:..~~,1_ .. ~~~ .. .. ~-~ ~,:: =~--~~-- :· .. : ': ·_;_~:-_-:\;:' ... :· .. 1: .• 



Check. all that apply: 

0 Origlnal Protocol 
Version date: ___ _ 

D Protocol Amendment 
Version dace: ___ _ 

L't'.i.XJ.LIL'\.J&'Uo.l ~vLL~u~ v.r bEOR.GIA ~lCG) 
HUM.~ ASSURANCE COMMITTEE (HAC} 

CLINICAL STUDY DOC"~Th'.(ENT COVER SHEET 

D .FDAFotm 1572 D E.~tedRe.,iew D StipuiationResponse 
'VCISion date~___ tNew protoco{s only) 

D Curriculum Vilae lxl Exempt from Full Review D Local Ad:v.ersc Event 
Version date:___ L.J (New protocols only) 

D Informed Consent/A-ssent Document(s) rf Origizml Advertimnent · D Emergency Use 
Version date: L_j Version dace:___ (New protocols only) 

D IND Safety Report 

Date: 04/03/02 
(maadlld:tyiy=r) 

Principal Investigator (PI): Charles Phillip ~ Jr.., PA-C 
( ....... ~ 
Sebool: Graduate Studies ~~~s~ur~s~e~ry~---------

BA-8411 
I 120 15111 Stn:et 

HAC .Fife i:_. __ --::-::-.u-~~6/tmi:~~::----pmt«rJ1-~.m6--:-m-izn-. .,"-

~~~~~~~~--------------
Section: Urology 

~he~==G-:no~~06-72l-9977 Fa"( fJ: 706-721-2548 B-mail:.;;.;sirdwi---..;..-,_esbean!i...._...-...Qiyah.........,.._oo.-..com~--------

Study CoordiDator (SC): SS#.:._: -------------tllwr:iiMMr:tWJ -

------------------~~------------------------ Section:. ----------------------
=-------F~~------------

Study Title: (17tln ~n p1'Dtocols, informed conrent d0ctnnent8. and all other fonnr" mrm match this title) 

THE MODIFIED :MEAJ.'l UREnmAL PRESSURE GRADIENT AS IT RELATES TO URODYNAMlCS: A 

PROGNOSTIC INDICATOR OF UPPER URINARY TRACT DISTRESS 

Comments: 

Yenion .Da1e: 3l0li01 
HAC Fo"" lOtJ 

Png~lofl 



-·--:--.................... - -...........,~u~ v.r ul!zU.H.b.lA {MCG) 
HUM..~N ASSURI\NCE COl\11VIITTEE (HAC) 

PROTOCOL INFORMATION FOR'I\1 

... 1\11 parts of dte form(s) must be completed. Incomplete applications will be returned without review. 

Place an "X'' in the box to request th~ re-view level below that best represents the submitted protocol. 
NOTE: The HAC Chairman or designee wjJJ make the final decision. 

I X ) Exempt Review This submission may be exempt from full HAC review, as described in the 
exemption c..nteria outline.d in Section 4 of the H.A..C Polices and Procedllies 

Criterion Number ~ Enter qualifying criierion-nunlber. · . 

D Expedited Review This submission may qualify for e...rqJedited review, as described in the expedited 
criteria outlined in Section 4 of the HA.C Policies and Procedure~ 

Criterio.n Nlllllber . 0 Enter qualijj;ing criterion nurnber. 

0FullR~ew· 

04/03/02 
(moiitblday/year) 

TifE 1v10DIFIED MEA.N URETIIRAL PRESSURE GRADIENT AS IT RELATES TO 
URODYNAMICS: A PROGNOSTIC INDICATOR .QF UPPER URINARY TRACT DISTRESS 

PA-C 
PISmnm: . 

§ Faculty § Resident [X] Gradnat~ Student (*if student. name of faculty sponsor must be 

Post-Doctoral Staff D Undergraduate Stud~t (~student. 
Fellow Other: 
F acuity 5ponsor: 

It is essential that all Sub-I( s) are listed with the H..I\.C, and that the list is kept cutrent A CUITent cv or resume 
must be on file with the HAC. lfthere are more than five (5) Sub-Is, complete the HAC Fonn IOIC (Sub
investigator Continuation Sheet). TI1e names of the Sub-Is must appear on the first page of the informed 
consent document (ICD) mid/or children's assent document (CAD). 

Name (include degree) 

rr.rimr Date: 310 J/0 1 
4CFonn 101 

Social Security #. Institution Department/Section Obtain Consent? 
nYes No 

Yes No 
Yes No 
Yes No 
Yes No 

Page 1 <7/4 



______ .. _ -- -~.&:.~ '-"I.: ·~.;u:o~'-'.1.'\.U'.I..a. \.l.Y.l\...\:r) 

HUMAN ASSURANCE COMMITTEE (K.£\C} 
PRQTOCOL RfFORMATION FORM 

D Pending funding D Fun~~d {awarded or signed agreement) 

Place an "X" in r=r=::tdi~=r~m:ce: 

. · D Fouitdation t=! None 
Will the study sponsor provide: · -

D Funding, drug(s) and /or device D ·Funding ~nly 0 Drug ~dlor device only 

Name of Study Sponsor: 

If sponsoYed and MCG will be a site, was the contract submitted to MCGRI? 
0 Yes Submission Date: . 0 No D N/A 

If sponsored and V AMC will be a site, was the contract submitted to ABRC? 
. 0 Yes SubmissionDate: . D No D Nil~. 

If snbcontract, or ifMCG, MCGHI or V .AMC is a collaboiating institution, give primary i:nstitntion and 
nameofPI: 

Was this study submitted preViously? 
IfY ess complete the foDowing; 

PI Name 

lx INo 

Study title: (Complete- only if this· title is different ·than previous submission) 

HAC File# 

Place an X in each box (Le~.if subjects are seen in 1he <:lmic and/or hospital bot data collection is cOinpleted in an MCG office:-place an X in 'the 
MCG and in dte MCGHI.box. . 

,____,~J htlCG ..___.t MCGHI 
Date .submitted to MCGHl: 

lx lvAMc . 
If the V AMC is a performance site, was the stUdy submitted to the VA Medical Research Committee? 

I I Yes (Date submitted: 04/03/02 ) I l No 

} I Other site ~-Dame ar ot1zr site): 

Was ·this protocol, or will it be, submitted to another Institutional Review Board (]RB)? 
I J Yes · · · l I No 

If yes, enter the following: 
IRB Name: IRB Location: Submission Date: Action Taken: 

'er.rion Da/8: J/01101 
r.d.C Form 101 
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J.U .. ~J.I~\....tU..J \..,V.LI.LI..t!Ju-CJ u.r b~UK\.:dA (MCG) 
HUMAN ASSURANCE COMl\'.IITTEE (HAC) 

PROTOCOL INFORMATION FORM 

~:.imik~r~~l~ 

Estimated start date: _0_4.;...12~5;.....10.;_2 ____ Estimated completion date: ~07_/_25-=-/~02~--------
( month/ day/year) (month/ day/year) 

Place an "X" in the box to indicate whether any of the following are involved. Indicate AIL that apply: 
~ Children (less than 18 years) · 

A parental informed consent document (!CD) as well as a children's assent document (CAD) may be required. 

Prisoners 
Pregnant women 
Fetuses 
Mentally disabled 
Othenvise incompetent 
Patients as experimental subjects 
Patients as control subjects 
Non-patient volunteers 
Students as subjects 
Trainees as subjects 
Employees as subjects 
Subjects whose primary language is not English 

:··· 

(The informed consent document must be in the subject's primary language. Include a copy of the translation of the ICD and/orCAD 

=:=] Subjects studied at non-MCG locations · . · 
(An approval letter from the performance site must be submitted)·. · 

Subjects studied at MCG affiliated hospitals 
Subjects in the Armed Forces (active duty) 
Data banks, data archives and/or medical reqords 
Filming, video-or audio-recording of subjects 
Placebo(s) 
Experimental drug*( not on market) or non-approved used.. of approved drug 
Complete and attach HAC Form 104, Research Medication Data Sheet · 

~ Experimental device*( not on market) or non-apprqved used of approved device 
Complete and attach HAC Form 105, Investigational Device Information Sheet · 

Advertisement for subjects (include copy) · 
Questionnaires (include copy) · · 
Diaries (include copy) . · 
Survey(s) (include copy) 
Subjects to be paid: 

(a) participation fee 
(b) travel reimbursement 

Charges incurred by subject 
Charges levied against 3 rd party carriers 
Per-subject fees to physicians (Finder's Fees) 
Autopsy or surgical pathology tissue 
Placental tissue 
Ionizing radiation, diagnostic or therapeutic 
Complete and attach HAC Form 108, Radiation or Radioisotopes Information Sheet 

Version Date: 310/101 
HAC For71f /OJ 
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HUl\tL~ ~~SUR~CE.COMMITTEE (HAc) 
PROTOCOLRmOBNl~TIONFO~I 

NOTE: Per or For signatures are NOT acc:eptable. 
All Investigators listed below ~ereby assure the Committee that {a) they have read and understand their responsibilities as defined in 
the HAC Policies and Procedures,~ and {b) all procedUres performed under the protocol will be conducted by the individuals legally 
and responsibly entitled to do so, and (c) any deviation from the protocol (change in recruitment procedures, drug dosag~ etc.} will be 
submitted to the H.~C for approval prior to its implementation. (Protocols will not be accepted without all required signatures.) 

Printed/Typed Name · Date 
04/03/02 

Charles Phillip Bein. Jr.~ PA-C 
PRINCIP .. ~INVESTIGATOR (PI) 

Ronald William Lewis. 1viD 04/03/02 
FACULTY SPONSOR (STUDENT PROJECT ONLY) 

SUB-INVESTIGATOR (SUB-1) 

SUB-INV'ESTIGATOR (SUB-I) 

SUB-INVESTIGATOR {SUB-I) 

StJB-INVESTIGATOR (SUB-I) 

SUB-INVESTIGATOR (SUB-I) 

Approval (indi~ed by. si~e) 'is required :from the Chair or Acting Chair of each department inv~lved.in the research project. 
Written designation of the Acting Chairman must accompany the appli~n. or be on·.file·in the HAC Office. If the Chair or .A£tiBg. 
Chair is au Investigator, approval is required from·the appropriate Dean. · 

. NOT.E::Peror~~areNOT~le.. 

~·I reviewed and approved this research in regard to ethical considerati.om, .scientific 111eri.J, ctePtartmeJ'IIaL. obligations and support 
required. •• 

Printedi'Typed Name Date·· 

Ronald William Lewis. rviD 04i03/02 
PI Department Chair/ Clinical Service Chief 

Sub-I Department Chair/Clinical Service Chief (if differ=t. fran PI) 

r•J reviewed and approved this research in regard to ethical considerations, scientific meri~, departmental obligations and support · 
·equire.d.. " · · · 

Printed/Typed Name· Signature · Date 

fA SERV1CE LINE EXECUTIVE 

'"er:riun Date: 3/0 1/fJ 1 
CACFonn 101 

04/03/02 
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