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Objective To analyze role of phosphodiesterase 5 (PDE5) inhibitors on urodynamic 
parameters in patients with suprasacral spinal cord injury.
Materials and Methods This was a prospective observational hospital-based study 
conducted on a cohort of patients, aged between 18 and 65 years with suprasacral spi-
nal cord injury, who were registered in Department of Neurosurgery/Urology.  Cutoff 
period since injury was 2 years. After taking consent, baseline urodynamic study 
was performed, which was repeated 2 hours after taking single oral dose of 20 mg 
 tadalafil. Urodynamic parameters such as maximum detrusor filling/voiding pressures, 
maximum bladder capacity, and bladder compliance before and after taking drug were 
compared for final results and conclusion.
Results Following administration of 20 mg of tadalafil, maximum bladder capac-
ity in mL showed statistically significant improvement from 268.39 ± 130.0 to 
298.55 ± 112.0.(p < 0.05). Bladder compliance improved from 18.68 ± 6.4 to 
20.25 ± 7.5 mL/cm H2O (p > 0.05). Maximum detrusor filling pressure improved from 
36.03 ± 20.54 to 32.90 ± 16.47 cm H2O (p > 0.05). Maximum detrusor voiding pres-
sure improved from 64.65 ± 33.19 to 58.13 ± 20.7 cm H2O (0 > 0.05). In patients 
with injury above D6 spinal cord level, statistically significant improvement was seen 
in maximum bladder capacity and bladder compliance after 2 hours of single oral 
dose of tadalafil (p < 0.05).
Conclusion Our study suggests a positive role of PDE inhibitors in improving urody-
namic parameters in patients with suprasacral spinal cord injury with improvement 
in parameters such as bladder capacity, detrusor pressures, and bladder compliance. 
Because this is a small study group, more studies such as this are required to reach to 
final conclusion.
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Introduction
Spinal cord injury (SCI) is one of the most debilitating and 
devastating injuries to humans. It occurs throughout the 
world with an annual incidence of 15 to 40 cases per million.1 
The occurrence of SCI is highest among young persons in the 

16 to 30 age group.2 The most common mode of  injury is 
road traffic accidents. In the Indian subcontinent, every year 
there are approximately 20,000 new cases of SCI in  trauma 
victims,3 with main mode of injury being fall from height.

The sacral spinal cord begins at about spinal column level 
T12 to L1. Injury above T12 to L1 qualifies as suprasacral SCI 
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(SSSCI). The patients with SSSCI often develop lower urinary 
tract symptoms (LUTS). Failure to properly address the LUTS 
associated with SSSCI can lead to significant morbidity and 
mortality.4 In the past few decades, survival rates have con-
siderably improved in SCI patients,5 and hence it has become 
increasingly important to give these patients better quality 
of life.

Urodynamic study is gold standard for evaluation of 
 urinary tract dysfunction in SCI patients as well as to establish 
effectiveness of new drugs.6 Efficacy of  phosphodiesterase 
5 (PDE5) inhibitors in amelioration of LUTS has gained atten-
tion in recent years. In our knowledge, few studies7,8 done 
till date have shown that PDE5 inhibitors positively affect 
urodynamic parameters in SCI men. These studies included 
only subjects of the male sex, but in our study we included 
patients from both sexes as we assumed that PDE5 receptors 
would be present on detrusor muscles and on bladder out-
flow area equally in both sexes, so females should also be 
evaluated for the actions of PDE5 inhibitors.

Materials and Methods
This was a prospective observational hospital-based study car-
ried on a cohort of 31 patients suffering from SSSCI with LUTS 
in the age group 18 to 65 years who came for follow-up in the 
Department of Neurosurgery/Urology from November 2012 to 
October 2014 in SKIMS, Soura, Srinagar. Institutional ethical 
clearance was sought before undertaking the study. After tak-
ing proper consent, urodynamic study was performed in these 
patients and repeated 2 hours after taking single oral dose of 
20 mg tadalafil. Urodynamics were performed on patient in 
sitting position, zeroing of device done every time at the start 
of procedure. We used normal saline at the rate of 15 mL/s at 
temperature of 25°C as filling fluid. Urodynamic parameters 
such as maximum detrusor filling pressure (DFP) in cm H2O, 
maximum detrusor voiding pressure (DVP) in cm H2O, maxi-
mum bladder capacity in mL, and bladder compliance in mL/
cm H2O before and after  tadalafil administration were specif-
ically recorded and analyzed. Patients with chronic renal and 
liver disease, diabetes mellitus, proven urinary tract infection, 
history of pelvic surgery, and absolute contraindications to 
tadalafil were excluded from the study.

In patients with a history of autonomic dysreflexia or 
whose neurologic level of injury was D6 or above, blood 
pressure was monitored during testing. We used Neth-
erlands-made medication measurement systems (MMS) 

(medication measurement systems) LIBRA+ 3T  urodynamic 
system for urodynamic study. Data were analyzed by MMS 
software ver.7.3t. Data before and after taking the drug were 
compared for final results and conclusion. p-Value of < 0.05 
was considered statistically significant.

Results
Thirty-one patients were included in our study. Mean age 
of the study group was 34.5 ± 12.6 years, with the youngest 
patient being 18 years old and oldest patient being 62 years 
old. Twenty-five patients were males and six were females. 
Twelve patients suffered injury at and above D6 spinal cord 
level and 19 below D6 spinal cord level. Out of 31 patients, 
10 had complete injury and 21 had incomplete injury. 
 Severity of injury was calculated according to ASIA  (American 
Spinal Injury Association) scale. Type A was labeled as com-
plete injury and types B and C as incomplete injury, as shown 
in ►Table 1.

Maximum filling detrusor pressure in cm H2O before 
administration of drug was 36.03 ± 20.54. It improved after 
taking drug to 32.90 ±16.47, although results were not statis-
tically significant (p > 0.05).

Maximum voiding detrusor pressure in cm H2O before 
taking drug was 64.65 ± 33.19. It improved to 58.13± 20.7; 
however, p-value in this case was > 0.05.

Maximum bladder capacity in mL showed a statistically 
significant improvement after single 20-mg dose of tadalafil 
(p < 0.05) as shown in ►Table 2. The results for males and 
females are shown in ►Tables 3 and 4, respectively. In males, 

Table 1  Demographic profile of patients
Number of patients 31

Mean age 34.52 y

Sex distribution

Male 25

Female 6

Level of injury

At or above D6 12

Below D6 19

Severity of injury

Complete 10

Incomplete 12

Table 2  Pre- and post-tadalafil values in whole study group

Variable Pre-tadalafil (mean ± SD) Post-tadalafil (mean ± SD) p-Value

DFP 36.03 ± 20.547 32.90 ± 16.477 0.289

DVP 64.65 ± 33.199 58.13 ± 20.760 0.416

CAPACITY 268.39 ± 130.036 298.55 ± 112.027 0.049*

COMPLIANCE 18.68 ± 6.414 20.35 ± 7.50 0.189

Abbreviation: SD, standard deviation.
Note: DFP = maximum detrusor filling pressure (cm H2O); DVP = maximum detrusor voiding pressure (cm H2O); CAPACITY = maximum bladder 
 capacity (mL); COMPLIANCE = bladder compliance (mL/cm H2O).
*Statistically significant value.
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maximum bladder capacity in mL showed a statistically sig-
nificant improvement after single 20-mg dose of tadalafil, 
but in female patients we did not observe any statistically 
significant improvement in any of these parameters.

On stratification of data, we observed that patients with 
injury above D6 level showed a statistically significant 
improvement in bladder compliance from 17.01 ± 5.63 to 
21.73 ± 6.7 (p < 0.05) and bladder capacity from 263.33 ±123.7 
to 302.67 ± 123.44 (p < 0.05), as shown in ►Table 5.

Discussion
Urogenital diseases have been reported as one of the primary 
causes of death in SCI patients.9-12 The low compliance neuro-
genic bladder due to SCI clinically receives special attention 
as it causes deterioration of renal function.13,14 SSSCI patients 
often develop LUTS that manifests as detrusor areflexia and 
urine retention initially followed by overactive detrusor and 
detrusor-sphincter dyssynergia (DSD). The recovery of low-
er urinary tract function occurs weeks later, but the voiding 
function deteriorates and manifests by hyperreflexia and 
incomplete voiding secondary to DSD during voiding15 and 
consequent renal damage, if untreated. Urodynamic study 

is an important part of the evaluation in SCI patients with 
LUTS and can provide useful clinical information about the 
function of the urinary bladder, sphincteric mechanism, and 
voiding pattern.16

Overactive bladder is the underlying cause of LUTS in 
SSSCI patients, the impact of PDE5 inhibitors on improving 
of SCI-induced LUTS seems valid.17 PDE5 receptors are nor-
mally present in the detrusor muscles, bladder neck, and 
urethra. Human bladder expresses the PDE5 gene on quan-
titative reverse transcriptase-polymerase chain reaction and 
protein on immunohistochemistry and Western blot as well 
as PDE5 enzymatic activity.18,19 The cyclic guanosine mono-
phosphate (cGMP) represents an important mediator in the 
control of the outflow region (bladder, urethra). Use of PDE 
inhibitors such as sildenafil, tadalafil, vardenafil, avanafil, 
or udenafil known to restrain the degradation of the second 
messenger cGMP can produce significant relaxation of the 
aforementioned tissues offering great opportunities in the 
treatment of lower urinary tract dysfunction.20 Major mecha-
nisms in SCI patients that contribute to LUTS include reduced 
nitric oxide/cGMP signaling, increased RhoA kinase pathway 
activity, autonomic over activity, increased bladder affer-
ent activity, and pelvic ischemia.21 The probable mechanism 

Table 3  Pre- and post-tadalafil values in males

Variable Pre-tadalafil (mean ± SD) Post-tadalafil (mean ± SD) p-Value

DFP 38.32 ± 21.311 33.56 ± 17.054 0.112

DVP 66.76 ± 35.226 55.84 ± 21.33 0.143

CAPACITY 246.32 ± 120.123 286.36 ± 107.06 0.020*

COMPLIANCE 18.69 ± 6.02 22.833 ± 11.01 0.243

Abbreviation: SD, standard deviation.
Note: DFP = maximum detrusor filling pressure (cm H2O); DVP = maximum detrusor voiding pressure (cm H2O); CAPACITY = maximum bladder 
capacity (mL); COMPLIANCE = bladder compliance (mL/cm H2O).
*Statistically significant value.

Table 4  Pre- and post-tadalafil values in females

Variable Pre-tadalafil (mean ± SD) Post-tadalafil (mean ± SD) p-Value

DFP 26.50 ± 14.76 30.17 ± 14.892 0.273

DVP 55.83 ± 23.267 67.67 ± 16.281 0.058

CAPACITY 360.33 ± 140.05 349.33 ± 128.20 0.752

COMPLIANCE 18.66 ± 8.45 22.83 ± 11.01 0.136

Abbreviation: SD, standard deviation.
Note: DFP = maximum detrusor filling pressure (cm H2O); DVP = maximum detrusor voiding pressure (cm H2O); CAPACITY = maximum bladder 
 capacity (mL); COMPLIANCE = bladder compliance (mL/cm H2O).

Table 5  Pre- and post-tadalafil values in patients with injury above D6

Variable Pre-tadalafil (mean ± SD) Post-tadalafil (mean ± SD) p-Value

DFP 33.92 ± 17.85 34.50 ± 16.98 0.683

DVP 58.92 ± 25.86 59.08 ± 26.548 0.969

CAPACITY 263.33 ± 123.79 302.67 ± 123.445 0.015*

COMPLIANCE 17.01 ± 5.63 21.733 ± 6.73 0.017*

Abbreviation: SD, standard deviation.
Note: DFP = maximum detrusor filling pressure (cm H2O); DVP = maximum detrusor voiding pressure (cm H2O); CAPACITY = maximum bladder 
 capacity (mL); COMPLIANCE = bladder compliance (mL/cm H2O).
*Statistically significant value.
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by which PDE5 inhibitors decrease these LUTS is that nitric 
oxide enters the smooth muscles and stimulates guanosi-
necyclase that converts cyclic guanosine three phosphate to 
cGMP, which in turn decreases intracellular calcium concen-
tration and consequently causes muscle relaxation.21,22 Latest 
evidence on pathophysiology of LUTS has provided the ratio-
nale for use of PDE5 for (1) improvement of lower urinary 
tract oxygenation, (2) negative regulation of proliferation and 
trans-differentiation of lower urinary tract stroma,(3) reduc-
tion in bladder afferent nerve activity, and (4) downregula-
tion of prostate inflammation

Tadalafil and other PDE5 inhibitors have demonstrated 
beneficial effects on smooth muscle relaxation, endothe-
lial cell proliferation, nerve activity, and tissue perfusion 
that may impact LUTS in men.21 A 20-mg once-daily dose 
of PDE5 inhibitor such as tadalafil is well tolerated and has 
shown clinically meaningful and statistically significant effi-
cacy in men with benign prostatic hyperplasia (BPH) and 
LUTS. Tadalafil, the drug we used in our study, has half-life 
of 17.5 hours. Peak plasma concentration is reached within 
2 hours, with steady-state plasma concentrations achieved 
after 5 days of once-daily dosing.23 Tadalafil 20 mg is an effec-
tive and well-tolerated treatment for erectile dysfunction 
that has a period of responsiveness of up to 36 hours.24

Few studies have been conducted so far that have demon-
strated the effect of PDE5 inhibitors on SCI patients. One 
study8 demonstrated that a single 20 mg vardenafil admin-
istration allows significant improvement in urodynamic 
parameters, including maximum detrusor pressure (MDP), 
maximum cystometric capacity (MCC), and detrusor over 
activity volume (DVO) in 25 male patients. Placebo admin-
istration did not affect urodynamic parameters in these 
patients. In seven SCI patients above D6, they observed the 
most significant improvement in the evaluated urodynamic 
items, including MDP (p = 0.039), MCC (p = 0.004), and DVO 
(p = 0.003). Another study7 conducted on 20 male patients 
showed that following administration of 20 mg oral tadala-
fil, there was an increase in the bladder compliance, bladder 
capacity, maximum voiding detrusor pressure, and maxi-
mum detrusor filling pressure.

We conducted our study on 31 patients and included both 
sexes unlike the previous studies,7,8 which were confined only 
to male patients. In our study, mean bladder capacity in mL 
showed a statistically significant improvement after single 
20-mg dose of tadalafil, especially in male patients. This is an 
important finding and suggests a positive role of PDE inhibitors 
in improving bladder capacity in SCI patients. This increase 
in maximum bladder capacity will decrease daily urinary 
frequency and incontinence, leading to an extra period of 
urinary storage. This may increase the quality of life in these 
patients. Our assumption was that because PDE5 receptors 
are present on smooth muscles of the bladder neck, it should 
be equally effective in both sexes. However, our results failed 
to demonstrate any positive effect in female patients. Because 
of the small sample size of female patients in our study, we 
suggest further work be done in this population group with 
larger sample size to draw final conclusions.

We observed that the patients with injury above D6 level 
showed statistically significant improvement in bladder 
compliance and bladder capacity (p < 0.05). Increase in 
bladder compliance will help patients in accommodating 
more urine at same detrusor pressures, which will lead to 
a lessening of urinary leakage leading to physical and social 
well-being. In patients with injury below D6, no statistically 
significant change in urodynamic parameters could be 
established. This observation points out the further need of 
research in this field.

Limitation of our study includes limited sample size in 
women population and relatively old urodynamic machine. 
However, to the best of our knowledge, very limited literature 
is available on the topic and there is need to research in this 
field to explore new possibilities and use of these drugs in 
SCI patients.

Conclusion
Our study has been an important step forward in finding the 
role of PDE inhibitors in SCI patients. Improvement in bladder 
capacity and compliance will allow patients to store more 
urine at same pressures, decreasing daily urinary frequency 
and avoiding leakage and hence providing a better quality of 
life. However, we recommend further work should be done 
on the role of PDE inhibitors in improvement of urodynamic 
parameters in SCI patients so that these drugs can become a 
future treatment modality in these patients.

Source(s) of Support
None.

Conflicts of Interests
None.

References

1 Sekhon LH, Fehlings MG. Epidemiology, demographics, and 
pathophysiology of acute spinal cord injury. Spine 2001;26(24, 
Suppl) :S2–S12

2 National Spinal Cord Injury Statistical Center. Annual Statisti-
cal Report.  Birmingham, UK: University of Alabama; 2007

3 Thietje R, Pouw MH, Schulz AP, Kienast B, Hirschfeld S. 
 Mortality in patients with traumatic spinal cord injury: 
descriptive analysis of 62 deceased subjects. J Spinal Cord Med 
2011;34(5):482–487

4 Wein AJ, Lower urinary tract dysfunction in neurologic injury 
and disease: diseases primarily involving the spinal cord. In: 
Wein AJ, Kavoussi LR, Novick AC, Partin AW, Peters CA, eds. 
Campbell-Walsh Urology. 9th ed. Philadelphia, PA: Saunders 
Elsevier; 2007

5 Capoor J, Stein AB. Aging with spinal cord injury. Phys Med 
Rehabil Clin N Am 2005;16(1):129–161

6 Chou FH, Ho CH, Chir MB, Linsenmeyer TA. Normal ranges of 
variability for urodynamic studies of neurogenic bladders in 
spinal cord injury. J Spinal Cord Med 2006;29(1):26–31

7 Taie K, Moombeini H, Khazaeli D, Salari Panah Firouzabadi 
M. Improvement of urodynamic indices by single dose oral 
tadalafil in men with supra sacral spinal cord injury. Urol J 
2010;7(4):249–253

8 Gacci M, Del Popolo G, Macchiarella A, et al. Vardenafil improves 
urodynamic parameters in men with spinal cord injury: results 



34

Indian Journal of Neurosurgery   Vol. 9   No. 1/2020

PDE Inhibitors in Spinal Cord Injury Iqbal et al.

from a single dose, pilot study. J Urol 2007;178(5):2040–2043, 
discussion 2044

9 Vasiliadis AV. Epidemiology map of traumatic spinal cord inju-
ries: a global overview. Int J Caring Sci 2012;5(3):335–347

10 DeVivo MJ, Black KJ, Stover SL. Causes of death during the 
first 12 years after spinal cord injury. Arch Phys Med Rehabil 
1993;74(3):248–254

11 Lidal IB, Snekkevik H, Aamodt G, Hjeltnes N, Biering-Sørensen 
F, Stanghelle JK. Mortality after spinal cord injury in Norway. 
J Rehabil Med 2007;39(2):145–151

12 Whiteneck GG, Charlifue SW, Frankel HL, et al.  Mortality, mor-
bidity, and psychosocial outcomes of persons spinal cord injured 
more than 20 years ago. Paraplegia 1992;30(9):617–630

13 Gerridzen RG, Thijssen AM, Dehoux E. Risk factors for upper 
tract deterioration in chronic spinal cord injury patients. J Urol 
1992;147(2):416–418

14 Gallien P, Nicolas B, Robineau S, Le Bot MP, Durufle A, Brissot 
R. Influence of urinary management on urologic complications 
in a cohort of spinal cord injury patients. Arch Phys Med Reha-
bil 1998;79(10):1206–1209

15 Cheng CL. Spinal cord injury-induced neurogenic bladder. 
LUTS 2009;1:S7–S9

16 Tanagho EA, Deng DY, Urodynamic studies. In: Tanagho EA, 
McAninch JW, eds. Smith’s General Urology. 17th ed. San Fran-
sisco, CA: McGraw-Hill; 2008; 455–472

17 Giuliano F. Phosphodiesterase type 5 inhibitors improve male 
lower urinary tract symptoms. Eur Urol 2008;53(6):1121–
1123, discussion 1123–1124

18 Filippi S, Morelli A, Sandner P, et al. Characterization and 
 functional role of androgen-dependent PDE5 activity in the 
bladder. Endocrinology 2007;148(3):1019–1029

19 Behr RD, Oger S, Tinel H, Sandner P, Giuliano F. PDE5 Gene 
expression and relaxant effects of vardenafil in male and 
female human and rat detrusor muscle. Eur Urol Suppl 
2008;7:263

20 Tinel H, Stelte-Ludwig B, Hütter J. Sandner P. Pre-clinical 
evidence for the use of phosphodiesterase-5 inhibitors for 
treating benign prostatic hyperplasia and lower urinary tract 
symptoms. BJU Int 2006;98(6):1259–1263

21 Andersson KE, de Groat WC, McVary KT, et al. Tadalafil for 
the treatment of lower urinary tract symptoms secondary to 
benign prostatic hyperplasia: pathophysiology and mecha-
nism(s) of action. Neurourol Urodyn 2011;30(3):292–301

22 Francis SH, Blount MA, Zoraghi R, Corbin JD. Molecular proper-
ties of mammalian proteins that interact with cGMP: protein 
kinases, cation channels, phosphodiesterases, and multi-drug 
anion transporters. Front Biosci 2005;10:2097–2117

23 Forgue ST, Patterson BE, Bedding AW, et al. Tadalafil phar-
macokinetics in healthy subjects. Br J Clin Pharmacol 
2006;61(3):280–288

24 Porst H, Padma-Nathan H, Giuliano F, Anglin G, Varanese 
L, Rosen R. Efficacy of tadalafil for the treatment of erectile 
dysfunction at 24 and 36 hours after dosing: a randomized 
controlled trial. Urology 2003;62(1):121–125, discussion 
125–126


