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ABSTRACT



Purpose: Early use of vasoactive agents has been shown to rehabilitate erectile function after nerve sparing radical retropubic prostatectomy (RRP). The loss of intracorporeal smooth muscle (SM) and an increase in intracorporeal fibrosis have been demonstrated in vasculogenic impotence and implicated in permanent post-RRP erectile dysfunction. We assessed the effect of sildenafil on SM content after RRP. Materials and Methods: A total of 40 potent volunteers with prostate cancer underwent RRP and were divided into 2 treatment groups, namely 1—50 mg sildenafil and 2—100 mg sildenafil every other night for 6 months beginning the day of catheter removal. Percutaneous biopsy was performed using general anesthesia prior to incision for RRP. Another biopsy was performed using local anesthesia 6 months later. Volunteers were excluded prior to the second biopsy if they discontinued sildenafil. Biopsies were stained for SM and connective tissue, and analyzed by computer in at least 15 different fields. The paired Student t test was used for statistical analysis. Results: A total of 11 patients in group 1 and 10 in group 2 underwent the second biopsy. In group 1 there was no statistically significant change in mean SM content preoperatively to postoperatively (51.52% and 52.67%, respectively). In group 2 there was a statistically significant increase in mean SM content 6 months after RRP (42.82% vs 56.85%, p ⬍0.05). Conclusions: Early use of sildenafil after RRP may preserve intracorporeal SM content. At higher doses post-RRP sildenafil may increase SM content. The effect on the return of potency is not known but maintaining the pro-erectile ultrastructure is integral to rehabilitating post-RRP erectile function. KEY WORDS: penis; impotence; muscle, smooth; prostatectomy; phosphodiesterase inhibitors



Surgical treatment for prostate cancer can have a major negative impact on patient quality of life due to its potentially debilitating side effects, namely incontinence and impotence.1 Contemporary series report rates of continence after radical prostatectomy between 85%2 and 92%.3 Unfortunately the same rates cannot be quoted for erectile function. Walsh and Donker revolutionized the field of urology by their description of the periprostatic anatomy and the development of the cavernous nerve sparing technique.4 Despite this advance the incidence of post-prostatectomy impotence continues to be high with the same contemporary series reporting rates of spontaneous erection of between 58%2 and 68%.3 In reality few men undergoing radical prostatectomy eventually achieve the preoperative level of erectile function.1 If the cavernous nerves are routinely spared, why do potency rates continue to be relatively poor? The focus of post-prostatectomy impotence has been on neurogenic, arteriogenic or venogenic changes. Neurogenic impotence or the lack of penile innervation results when the cavernous nerves are irrevocably damaged.5 These nerves control penile erections by modulating smooth muscle tone and controlling penile blood flow.5 Many times injury to the cavernous nerves can be visually detected at surgery. Arteriogenic impotence or the lack of arterial inflow to the penis5 has been suggested by the surgical loss of accessory pudendal arteries.6 The incidence of this condition is stable in the postoperative period.7 Venogenic impotence or the abnormal leakage of blood out of an erect penis is caused by corpora



cavernosal veno-occlusive dysfunction.5 It is defined as the inability to compress adequately the subtunica albugineal venules during erection, leading to detumesence.5 It is caused by progressive fibrosis and smooth muscle dysfunction secondary to prolonged hypoxia or disuse atrophy.5 The rate of veno-occlusive dysfunction has been measured to be at as high as 50%6 of men with post-prostatectomy impotence. The incidence of veno-occlusive dysfunction increases with time in the postoperative period.7 The important role of corpora cavernosal smooth muscle in potency has been known since Goldstein et al reported the first examination of erectile tissue.8 Normal smooth muscle content and function are necessary for the initiation and maintenance of erection.6 Published reports suggest that the average intracorporeal smooth muscle percent is between 40% and 50%.9 Our unpublished data confirm this rate with the finding of an incidence of smooth muscle of about 49% in normal potent males in the general population. In contrast, patients with veno-occlusive dysfunction show a much lower percent on microscopic examination. A prior study suggested that these patients have a smooth muscle percent of 10% to 36%.9 Concomitant intracorporeal fibrosis results in abnormal smooth muscle function, increased venous leakage and eventually impotence. There has been increasing interest in penile rehabilitation after radical prostatectomy to decrease the incidence of impotence. To prevent veno-occlusive dysfunction the focus has been on the introduction of oxygenated blood to the corpora cavernosa through the early use of pro-erectile therapy.10 Negative pressure vacuum devices11 and intracorporeal injections10 have been used with some success. Unfortunately they require frequent device use or injections that many men
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may not be willing to do. Patients might show much greater interest if ingesting a pill could have the same protective effect. Since its introduction, sildenafil has revolutionized the treatment of erectile dysfunction. It belongs to a class of drugs called phosphodiesterase inhibitors, which achieve erectile properties by indirectly relaxing smooth muscle and increasing arterial inflow. Despite its success the rate of successful intercourse with sildenafil in men with postprostatectomy erectile dysfunction is only around 45%.12 Corporeal veno-occlusive dysfunction can help explain this relatively poor response rate. Anecdotal evidence suggests that the early use of sildenafil offers some benefit in the return of erectile function. Perhaps it is achieved through the prevention of intracorporeal fibrosis and smooth muscle dysfunction. We report is a pilot study of the effects of early postradical prostatectomy sildenafil on the intracorporeal ultrastructure.



METHODS



All volunteers provided informed consent prior to participating in the study. The study design is an uncontrolled prospective analysis. Between 1997 and 1999, 40 healthy, potent male volunteers who elected radical retropubic prostatectomy as primary treatment for prostate cancer were recruited from a single community practice. The volunteers were equally divided into 2 treatment groups depending on time of entry into the study. The sildenafil dose in group 1 was 50 mg, while the dose in group 2 was 100 mg. The 2 treatment groups received the prescribed sildenafil dose every other night for 6 months. Therapy was started the evening of catheter removal, usually on postoperative day 14, and continued despite erectile ability or sexual intent. Inclusion criteria were clinically localized prostate cancer, full potency confirmed by interview with the patient and the sexual partner, no prior use of pro-erectile vasoactive agents and a strong desire to remain potent after prostatectomy. Volunteers were removed from the ongoing study if the cavernous nerves were not spared, treatment for prostate cancer included radiation or hormonal therapy during the 6-month medication period or the medication was stopped for any reason. The technique used for biopsy was that described by Wespes et al.13 While holding the flaccid penis taut, a 19 gauge Tru-Cut (Travenol Laboratories, Deerfield, Illinois) biopsy needle was inserted at the mid shaft at about a 30degree angle into the left corpus cavernosum. Biopsy was then performed with a biopsy gun (Bard, Inc., Covington, Georgia). The procedure was repeated only if an inadequate specimen was obtained. There were no reported side effects of the penile biopsies. The first biopsy was performed in the operating room with the patient under general anesthesia prior to incision for radical retropubic prostatectomy. The second biopsy was performed using local anesthesia in the office setting under ultrasound guidance. After biopsy the penis was wrapped in gauze for approximately 3 hours. Specimens were placed in 10% formalin solution, embedded in paraffin blocks and sectioned at 5 . Sections were immunostained for smooth muscle actin and counterstained with aniline blue for connective tissue (see figure). Sections were computer analyzed with a microscope (Carl Zeiss, Inc., Oberkochen, Germany) at ⫻40 magnification on an AutoCyte (AutoCyte, Inc., Burlington, North Carolina) image analysis system to determine the intracorporeal ratio of smooth muscle to connective tissue. A minimum of 15 high power fields were analyzed for each biopsy. Statistical analysis was done using the paired Student t test.



Stained biopsy specimen shows smooth muscle (red areas), fibrotic tissue (blue areas) and empty space (white areas). Reduced from ⫻40.



RESULTS



Of the original 40 volunteers 21 met all inclusion criteria and completed the study, including 11 in group 1 and 10 in group 2. There was no statistically significant difference between mean preoperative intracorporeal smooth muscle content, mean postoperative intracorporeal smooth muscle content or mean age of the volunteers completing the study in each treatment group (table 1). The mean preoperative smooth muscle content in group 1 was 51.5% (range 23.0% to 79.8%) (table 2). The mean postoperative smooth muscle content was 52.7% (range 44.5% to 71.1%) (table 2). There was no statistically significant difference between mean preoperative and mean postoperative smooth muscle content (p ⫽ 0.81). Nine of the 11 volunteers (82%) who completed the study in this treatment arm showed an absolute increase in smooth muscle content, while only 2 (18%) showed an absolute decrease. The mean preoperative smooth muscle content in group 2 was 42.8% (range 28.2% to 53.8%) (table 2). The mean postoperative smooth muscle content was 56.9% (range 39.4% to 65.1%) (table 2). There was a statistically significant increase in mean smooth muscle content in group 2 (p ⬍0.05). Nine of the 10 volunteers (90%) in this treatment arm who completed the study showed an absolute increase in smooth muscle content, while only 1 (10%) showed an absolute decrease. The reasons for removing volunteers from the study included refusal to undergo the second biopsy (4), leuprolide acetate or pro-erectile agent administration during the study period (2), removal prior to receiving sildenafil (2), cessation of sildenafil for reasons other than medication side effects (2), loss to followup (1) and the cessation of study medication due to bothersome side effects (8 or 20%). Side effects that caused volunteers to stop sildenafil were visual disturbances (3), headaches (3), flushing (1), and itching and hives (1). DISCUSSION



The amount of smooth muscle in the corpora cavernosa is not static throughout a lifetime. There are many situations



TABLE 1. Treatment group characteristics No. pts Age % Smooth muscle: Preop Postop



Mean Group 1



Mean Group 2



p Value



11 55.8



10 59.0



0.29



51.5 52.7



42.8 56.9



0.14 0.33



SILDENAFIL AND INTRACORPOREAL SMOOTH MUSCLE TABLE 2. Preoperative and postoperative corporeal biopsy results Pt No. Group 1 (50 mg): 1 2 3 4 5 6 7 8 9 10 11 Means Group 2 (100 mg): 12 13 14 15 16 17 18 19 20 21 Means



% Preop Muscle



% Postop Muscle



44.67 44.47 62.87 59.28 60.38 79.82 37.31 68.84 42.17 23.00 43.90 51.52



58.51 48.19 64.68 71.07 51.33 52.54 47.75 44.48 46.25 46.21 48.39 52.67 (p ⫽ 0.81)



52.96 48.46 33.15 39.13 40.76 48.36 38.86 53.88 28.19 44.47 42.82



39.43 50.89 61.78 55.70 49.96 78.00 50.05 58.45 65.10 59.16 56.85 (p ⬍0.05)



that have been shown to promote or abrogate fibrosis. Increased oxygen tension,14 testosterone,15 insulin-like growth factor 116 and endothelial growth factor17 have been associated with protecting or increasing smooth muscle content. On the other hand, chronic ischemia,18 aging,14 neurogenic compromise19 and tumor growth factor-B18 have been implicated in the promotion of intracorporeal fibrosis. The insult of radical prostatectomy has also been associated with intracorporeal fibrosis and the eventual onset of veno-occlusive dysfunction.6, 7 There appears to be an inciting event or a chronic process associated with radical prostatectomy that results in permanent damage to corporeal smooth muscle, eventually leading to permanent erectile dysfunction. An extended period of hypoxia after radical prostatectomy has been suggested as a cause of intracorporeal fibrosis.18 A lack of oxygenated blood can be due to a sudden decrease in arterial inflow caused by a loss of accessory pudendal arteries or surgical trauma to the cavernous neurovascular bundle. It leads to chronic ischemia and increased levels of profibrotic elements. Arterial injury, such as damage to the accessory pudendal arteries, certainly causes decreased blood flow. Neurologically the cavernous nerves appear to have a postoperative refractory period during which minimal impulses are transmitted to the penile tissue. Nocturnal erections, which are thought by some to protect corporeal smooth muscle,18 are usually nonexistent during this recovery period.20 By the time nervous tissue recovers and the penis is reoxygenated the pro-erectile ultrastructure may be irrevocably damaged. We hypothesized that intracorporeal fibrosis can be prevented by the early use of pro-erectile agents. A prior study by Montorsi et al suggested a greater return of potency and decreased veno-occlusive dysfunction with early intracavernous injections of alprostadil.10 To our knowledge our pilot study is the first to test whether sildenafil can have the same protective effect. Volunteers in the 50 mg dose group showed no statistically significant difference in the mean amount of smooth muscle preoperatively and 6 months postoperatively. Volunteers in the 100 mg dose group showed a statistically significant increase. As stated, prior studies suggest that the range of intracorporeal smooth muscle content in the normal potent male is between 40% and 50%. It is likely this variability exists within the corpora of an individual as well as within a given population. The mean preoperative intracorporeal smooth muscle contents between the 2 study groups was not
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statistically different but it appeared to show disparate values. In addition, there appeared to be a slight difference in the mean postoperative smooth muscle contents between the 2 groups, although once it was not statistically significant. These values probably express the stated tissue variability and were likely the result of sampling error and small group size. Of the 21 volunteers who completed the study 18 (86%) had an absolute increase in the amount of intracorporeal smooth muscle after 6 months of treatment. A prior group has suggested that 36% intracorporeal smooth muscle is a value that suggests clinically significant veno-occlusive dysfunction. None of the 3 cases of an absolute decrease in smooth muscle was below this cutoff percent. In addition, only 1 of the 4 volunteers who started below the 36% cutoff ended the study below this level. Any conclusion suggesting a therapeutic or rehabilitative effect of early sildenafil use after radical prostatectomy is unwarranted due to our small sample size and tissue heterogeneity. On the other hand, in preliminary fashion the data support the hypothesis that early and regular sildenafil use after bilateral nerve sparing radical prostatectomy may help preserve intracorporeal smooth muscle. The lack of a control group in this pilot study may hinder acceptance of the results and conclusions. Prior to initiating this study it was believed that few if any men would be willing to undergo a procedure as physically and mentally invasive, and dangerous as penile biopsy without the potential benefit of sildenafil. Acting as a control prior studies provide a clear indication in prior studies that a significant percent of men have clinical evidence of veno-occlusive dysfunction within 6 months of nerve sparing radical prostatectomy. A prior series by Mulhall and Graydon suggests that up to 50% of patients with post-prostatectomy impotence have evidence of significant veno-occlusive dysfunction at 6 months.6 In a later study Mulhall et al reported an incidence of post-prostatectomy veno-occlusive dysfunction of 14% at 4 months and 21% at 8 months with an apparently linear increase up to more than 12 months.7 In addition, Montorsi et al found that 53% of untreated patients 6 months after prostatectomy showed evidence of clinically significant venoocclusive dysfunction.10 In our study only 1 of the 21 volunteers (5%) had a posttreatment penile biopsy suggestive of veno-occlusive dysfunction. If there exists a direct relationship between veno-occlusive dysfunction and intracorporeal smooth muscle content, as suggested in this report and others, according to historical controls one would expect that up to 11 of the volunteers in this study (50%) would have shown it on biopsy. In addition, if sildenafil had a minimal or no effect, one would expect that many more than 3 volunteers (15%) would have shown a trend toward veno-occlusive dysfunction with an absolute decrease in intracorporeal smooth muscle. In this manner comparing the results of the current study with historical controls is possible and provides an argument in favor of the stated conclusions of our series. Sildenafil may derive its protective effect from its ability to decrease corporeal hypoxia and provide a protective milieu. To our knowledge it is not known whether that ability is on the microvascular or macrovascular level. Because we did not characterize nocturnal or diurnal erectile function, it cannot be said with certainty that patients actually had erections while on the study medication. Another researcher noted a delay in the return of erection while on sildenafil, specifically nocturnal erection, until about 3 to 6 months after prostatectomy.21 Due to the presumed lack of cavernous engorgement with oxygenated blood that occurs with erection the initial effect of sildenafil in this study must have been on the microvascular level. It appears that oxygenation of the ultrastructure starts microscopically until at least partial erectile ability returns. Providing protection to corporeal smooth muscle during the cavernous nerve refractory period pre-
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vents the onset of veno-occlusive dysfunction and may help preserve future erections. The sildenafil mechanism of action increases the concentration of cyclic guanosine monophosphate in the presence of nitric oxide, which is made by functional neural tissue. During the supposed cavernous nerve refractory period there should be minimal nitric oxide production in the corpora cavernosa. In contrast, Montorsi et al used intracorporeal injections of alprostadil, of which the mechanism does not require intact neural tissue for erection. In that study a cavernous nerve refractory period should have had little consequence on the study medication ability to oxygenate the tissue. In this study it can be said that perhaps a small amount of nervous tissue was functional, allowing sildenafil to have some effect. It is possible that through the minimal nitric oxide producing tissue available, sildenafil had just enough function to provide a protective mileu, possibly elevating levels of cyclic guanosine monophosphate slightly. Another theory is that sildenafil, in addition to potentially abrogating smooth muscle fibrosis, may also provide neural protection. There may be a mechanism specific to sildenafil or phosphodiesterase inhibitors that allows greater return or maintenance of nervous tissue and not just smooth muscle. It is possible that micro-oxygenation initially provided during the refractory period also helps protect and stimulate intracorporeal nerve fibers. These nerves could then produce nitric oxide, allowing sildenafil to function and abating the onset of corporeal fibrosis and veno-occlusive dysfunction. An aspect of this trial that was not expected was the high dropout rate due to medication side effects. Eight initial volunteers (20%) stopped sildenafil for reasons including headaches (3), visual disturbances (3), flushing (1) and itching (1). In a clinical trial of sildenafil few patients stopped the medication because of its side effects.12 The most likely explanation for such a large difference was the frequency of use. Intolerable side effects experienced occasionally and with the added benefit of intercourse as a reward appear to be much more tolerable than when experienced on an every other day basis. Only further study may determine if less frequent sildenafil use has the same musculogenic and neurogenic protective effects, while increasing medication compliance. True post-prostatectomy erectile function cannot be fully assessed until at least 18 months have passed.20 Because of the short 6-month protocol, this study was not designed to determine the direct benefit of sildenafil on ultimate erectile function. It was only designed to assess the prevention of the onset of veno-occlusive dysfunction in the prostatectomy population. Further followup of these volunteers with validated erectile function questionnaires at much longer postoperative periods would be necessary to show the true clinical effect of early sildenafil use. CONCLUSIONS



Patients with impotence caused by venous leakage have less intracorporeal smooth muscle and more intracorporeal fibrosis on biopsy. Veno-occlusive dysfunction is a major factor in permanent post-prostatectomy erectile dysfunction. The early and frequent use of sildenafil after radical prostatectomy appears to have a short-term protective effect on intracorporeal smooth muscle content and possibly neural tissue. This finding argues in favor of using pro-erectile agents as therapy for and the rehabilitation of post-operative erectile function. The true clinical relevance of the early introduction of sildenafil into a post-radical prostatectomy regimen can only be assessed by a large, randomized, controlled trial with adequate followup. Pfizer Pharmaceuticals, Inc. provided all study medication.
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