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Acute urinary retention (AUR) is a troublesome urological disease, which causes various
lower urinary tract symptoms. However, only few studies explored and evaluated the
effective treatments to improve AUR. We aimed to find an effective approach to cure
AUR through comparing the efficacy of existing classical low-frequency transcutaneous
electrical nerve stimulation (TENS) and novel intravesical electrical stimulation (IVES).
A total of 24 AUR female rats were divided into 3 groups as follows: control, TENS,
and IVES groups. Rats in the control group had no fake stimulation. Rats in the TENS
and IVES groups underwent transcutaneous or intravesical stimulation of a symmetrical
biphasic rectangular current pulse with a frequency of 35 Hz, 30 min per day, for seven
consecutive days. IVES significantly reduced the actin expression in the submucosal
layer but increased its expression in the detrusor layer (p = 0.035, p = 0.001). The
neovascularization in the submucosal layer in the IVES group was significantly increased
than in the other 2 groups (p = 0.006). Low-frequency IVES performed better than TENS
in terms of simultaneously relieving bladder hyperactivity, accelerating epithelial recovery,
and strengthening detrusor muscle. IVES may be a promising therapeutic approach for
bladder dysfunction, specifically for AUR and overactive bladder in clinical practice.

Keywords: rat, acute urinary retention, low-frequency transcutaneous nerve electrical stimulation, intravesical
electrical stimulation, histology

INTRODUCTION

As a severe health problem, acute urinary retention (AUR) is often caused by obstruction of lower
urinary tract. In clinical practice, AUR is alleviated by relieving the obstruction, and the most
common treatment is catheterization. However, it takes a long time to completely regain the bladder
function after catheterization, even 39% patients changing to chronic urinary retention with or
without overactive bladder (OAB) (1). Previous studies have reported that bladder overdistension
of AUR induces stretch damage of the detrusor muscle, nerve, and other bladder structures,
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FIGURE 2 | Cystometrograms. (A) Normal rat; (B) AUR rat; (C) control group; (D) low-frequency TENS group; (E) IVES group; and (F-L) quantitative analysis of
cystometrical parameters. *p < 0.05, *p < 0.01, **p < 0.001. AUR, acute urinary retention; TENS, transcutaneous electrical nerve stimulation; IVES, intravesical
electrical stimulation.
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A Control

FIGURE 3 | H&E staining and Masson’s trichrome staining analysis. (A=C) Epithelium, magnification 200x . (D,E) Detrusor muscle layer, magnification 80x. (F=H)
DSMC, magnification 400x. (I,J) Masson’s trichrome staining, magnification 400x. *p < 0.05, **p < 0.01, **p < 0.001. DSMC, detrusor smooth muscle cell.
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Compared with the control group, IVES significantly reduced
the a-SMA secretion in the submucosal layer (1.60 &= 0.57% vs.
2.47 £ 0.84%, p = 0.035; Figures 4A,B). The amount of blood
vessels in the submucosal layer marked by anti-CD31 antibody
in the IVES group was greater than in the control group (58.00 &
18.90 vs. 34.88 £ 10.63, p = 0.006; Figures 4E,F). Additionally,
the average diameter of blood vessels was significantly increased
in the IVES group (53.91 &+ 11.98 vs. 37.62 £+ 5.67 pm, p =
0.002; Figure 4G). TENS did not change the a-SMA secretion
and amount of blood vessels in the submucosal layer (p > 0.05).
In the detrusor muscle layer, the expression of a-SMA in the
IVES group was higher than in the control group (56.87 £ 3.65%
vs. 44.44 £ 5.96%, p = 0.001; Figures 4C,D). TENS did not
significantly alter the a-SMA secretion (p > 0.05). With respect
to the amount of blood vessels in the detrusor muscle layer,
the TENS group or IVES group had no significant difference

compared with the control group (p > 0.05; Figure 4H). IVES
increased the average diameter of blood vessels, and there was
no difference between the TENS group and control group
(p < 0.001, p = 0.064, respectively; Figure 4I). S100 staining
presents nerve endings innervated closely to the serous layer.
Compared with the control group, IVES significantly enlarged
the average diameter of nerve (54.22 £ 21.66 vs. 25.50 & 5.12 um,
p = 0.001; Figures4K,L), while the quantity of nerve was
not affected (Figure 4]). TENS had no effect on the peripheral
nerve (p > 0.05).

Detrusor Muscle Ultrastructure

At 7 days after AUR, the majority of DSMC appeared
vacuolated due to dilation and disruption of cisternae of SR
in the perinuclear region. Most DSMC displayed an extensive
corrugation of the cell membrane with sarcoplasmic projections
from 1 cell interlocking with deep infoldings of neighboring
cells. After TENS or IVES treatment, myofilaments and folding
of the cell membrane were regular (Figure 5A). Sarcoplasmic
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FIGURE 4 | Immunohistochemical analysis. (A,B) a-SMA expression in the submucosal layer, magnification 400x. (C,D) a-SMA expression in detrusor muscle layer,
magnification 400x. (E-I) CD31 expression, magnification 50x. (J-L) S100 expression, magnification 50x; arrows denote areas of positivity. *p < 0.05, “*p < 0.01,
***p < 0.001. a-SMA, a-smooth muscle actin; CD31, cluster of differentiation factor 31.

dense bodies were closely arranged and regularly shaped in the
TENS or IVES group, while there was a non-uniform distribution
in the control group (Figure5B). Furthermore, perinuclear
SR appeared greater in DSMC (Figure 5C). Grossly swollen
rounded mitochondria and lysis of cristae were present in DSMC

of AUR rats. However, once experienced TENS or IVES, the
mitochondrial cristae were clear and arranged closely. Multiple
field observations revealed that the mitochondria were more
abundant in the IVES group compared with the TENS group
(Figure 5D).
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ontrol

FIGURE 5 | TEM of detrusor muscle ultrastructure. (A) DSMC arrangement, magnification 2,550x. (B) Dense bodies, magnification 2,550x . (C) SR, magnification
8,200x. (D) Mitochondria, magnification 11,500x. Arrows denote the ultrastructure. TEM, transmission electron microscopy; DSMC, detrusor smooth muscle cell.
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DISCUSSION

Our study revealed that AUR could affect the bladder function
for more than 7 days. Cystometrical and histological results
demonstrated that the effect of IVES treatment on AUR was
significantly better than in the TENS. The intravesical probe
material of titanium is safety and does not induce inflammation.

In cystometry study, AUR induced bladder hyperactivity
and the bladder compliance became worse. We used post-void
intravesical pressure and voiding time to determine the voiding
function (9), which were obviously deteriorated in AUR rats.
Electrical stimulation relieved bladder hyperactivity, which was
similar to the research by Chen et al. (13). The cure rate of
bladder hyperactivity in the IVES group was significantly higher,
and the IVES group exhibited a better bladder compliance. IVES
remarkably shortened the voiding time and reduced the post-
void intravesical pressure. The decreased pressure can improve
the bladder blood flow, and it is beneficial to the recovery
of bladder function (8). However, the post-void intravesical
pressure was not altered by TENS treatment. The results
demonstrated that both storage and voiding functions were better
improved by IVES than TENS.

Some researchers observe inflammation in the submucosa 2
weeks after the induction of AUR in the rats’ bladder (3). In
this study, the abscission of the epithelium was detected. The
transitional cells in the bladder epithelium resisted infection.
IVES enhanced the epithelial thickness and increased the layers
of transitional cells, while TENS treatment and spontaneous
recovery for 7 days showed no difference. AUR induces partial
ischemia, and AUR-associated bladder inflammation is attributed
to reactive oxygen species caused by ischemia-reperfusion (8,
14). Saito et al. have demonstrated that AUR significantly
increases the vesical pressure and decreases the blood flow
(8). CD31 immunostaining proved that IVES increased the
density of blood vessels in the submucosa, particularly in the
great vessels, enhancing the output of blood flow for epithelial
recovery. Some groups have highlighted the importance of the
suburothelial layers in terms of the urinary sensory system,
especially suburothelial myofibroblasts (15). The number of
submucosal myofibroblasts is related to bladder hypersensitivity.
a-SMA is used as a marker for a subset of activated fibrogenic
cells, which are regarded as important effector cells of tissue
fibrogenesis (16). Through reducing the a-SMA expression
in the submucosa, IVES largely decreased the incidence of
bladder hyperactivity.

Prolonged bladder overdistension has been deemed to induce
stretch damage of the detrusor, denervation, and reduced
contractility (17). Comiter et al. have reported that the sacral
nerve stimulation in rats with urinary retention can prevent
functional and structural changes in the DSMC without affecting
the detrusor contraction (18). We presented that the detrusor in
AUR rats was thinner, and the DSMC showed atrophy. There are
important filaments (myosin, actin) inside the DSMC, which are
responsible for cell contraction and maintenance of normal cell
shape. The ratio of actin to myosin filaments is 15:1, and the actin
filaments play a vital role in contraction (19). a-SMA constitutes

the contraction domain (20). TENS did not alter the a-SMA
expression. IVES significantly increased the expression of a-SMA
in the detrusor layer, strengthening the detrusor. These changes
could improve the muscular function, thereby promoting muscle
hypertrophy and conferring a better resistance to fatigue (21).
Denervation and inflammation alter the expression of smooth
muscle extracellular matrix, such as collagen content. Collagen
in the bladder wall is present between muscle fascicles, which can
decrease the bladder compliance. The Masson staining showed
that TENS or IVES treatment reduced the collagen secretion,
leading to enhanced compliance. The possible reason for better
improvement in the IVES group could be that urine acted as
conductive fluid, and the current was uniformly distributed.

It is known that electrical stimulation acts directly not only
on muscle fibers but also on nerve reflexes (22). Activation
of the inhibitory sympathetic neurons and inhibition of
parasympathetic excitatory neurons that go to the bladder may
play a role in the action mechanism of the electrical stimulation
in the treatment of bladder hyperactivity (23). Erlandson et al.
have highlighted that the reflexogenic pathways are described
in intravaginal electrical stimulation in animals (24). Another
study has also proposed that the pudendal nerve can be activated
(25). In our study, nerve staining of S100 demonstrated that
IVES (35 Hz) treatment could enlarge the peripheral nerve fibers’
diameter, which might increase nerve conduction velocity, but
not regenerate nerve. TENS treatment had no influence on nerve.
This finding was consistent with previous studies that high-
frequency electrical stimulation (HFES) contributes to a better
nerve regeneration potential than LFES (26, 27).

Holm et al. have pointed out that no significant ultrastructural
features are noted in the detrusor muscle of 13 AUR patients
(28). One study focusing on rabbit bladder has presented
the microstructural damage in response to partial outlet
obstruction and correlated these observations with the contractile
dysfunction (29). Andersson and Arner have presented that
adenosine triphosphate (ATP) is a major contributor to
detrusor contraction in rats (19). Our TEM results showed
that mitochondria, where ATP is produced, were still disrupted
in AUR rats after 7 days of recovery. Therefore, bladder
overdistension followed by oxidative damage reduced the
tissue ATP content, leading to detrusor dysfunction. Electrical
stimulation accelerated the process of mitochondrial repair,
especially in IVES. The synthesis factory of a-SMA, SR, was larger
in the TENS or IVES group. Obviously, electrical stimulation
increased the density of dense bodies to improve the bladder
function. Dense bodies are important components in the smooth
muscle cell, which are found in the cytoskeleton, suggesting
that they can coordinate tensions from both contractile
machinery and cytoskeleton. The actin thin filaments attach
to dense bodies in the cell and provide fixed points for cell
shortening (30).

The major strength of our study was the tetanic intravesical
probe, and we used cystometrical and histological analyses to
ensure its effect. However, there are also some limitations.
The AUR rat model was not completely equal to the AUR
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patients, and much more animal models with lower urinary
tract symptoms should be employed to confirm the efficacy
of IVES. A sham group with catheter in the bladder and
no stimulation would be added in further studies, which
would control for histological changes of the bladder that
may be secondary to the presence of the catheter and not
by stimulation. There was an increase in the thickness of
the detrusor in the IVES group, which might not be a
desired event for patients with lower urinary tract dysfunction;
thus, the high-resolution ultrasound will be added to observe
and compare the in vivo thickness of the bladder wall
in our further study. Longer observation duration might
be necessary.

CONCLUSIONS

In conclusion, low-frequency IVES performed better than
TENS in treating AUR. IVES relieved the bladder hyperactivity
by reducing the submucosal fibroblasts, accelerated the
epithelial recovery through increasing transitional cell layer
and vascular amount, and strengthened the detrusor muscle
by promoting a-SMA expression. As catheterization is still an
adjuvant therapy for AUR patients, it is technically possible
to place intravesical probe into the bladder through catheter
without additional invasive intervention. Collectively, IVES
could be a promising treatment for bladder dysfunction in
clinical practice.
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