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A case report: Intermittent
catheterization combined with
rehabilitation in the treatment
of carbapenem-resistant
Klebsiella pneumoniae catheter-
associated urinary tract infection
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Catheter-related urinary tract infections, especially those caused by multidrug-
resistant (MDR) bacteria, are extremely difficult to treat due to limited
therapeutic choices. Therefore, removing catheters as soon as possible is
pivotal to successful treatment. Herein, we report a case of catheter-related
urinary tract infection caused by carbapenem-resistant Klebsiella pneumoniae
(CRKP). Intermittent catheterization was used to reduce biofilm occurrence
and exercise bladder function on the basis of an active and adequate anti-
infection strategy. Simultaneously, combined with acupuncture treatment and
strengthening the patient’s pelvic floor muscle training to improve urinary
retention, the catheter was eventually removed to obtain autonomous
urination in this patient, and this led to the successful treatment for a CRKP
catheter-related urinary tract infection.

KEYWORDS

intermittent catheterization, carbapenem-resistant Klebsiella pneumoniae, catheter-
associated, urinary tract infection, rehabilitation

Introduction

According to the World Health Organization (WHO), carbapenem-resistant strains
in Enterobacteriaceae (CRE), Pseudomonas aeruginosa and Acinetobacter baumannii is
considered critical, being classified as Priority 1 group because of its resistance to this last
resource antibiotic class, among which Klebsiella pneumoniae and Escherichia coli are the
most common (Podschun and Ullmann, 1998; WHO, 2017), becoming important
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pathogenic bacteria of hospital-acquired infections.
Carbapenem-resistant Klebsiella pneumoniae (CRKP) can
cause bloodstream infections, abdominal cavity infections and
urinary tract infections, and these patients are often in critical
condition with limited therapeutic strategies and poor prognosis
(Hu et al., 2012; van Duin et al., 2013; Zhao et al., 2015). One of
the principles of anti-infection therapy is to control the source of
infection. However, many patients with urinary tract infections
associated with catheters often cannot have their catheters
removed due to underlying diseases, which brings challenges
to clinical treatment. Costerton et al. (1999) clearly proposed
that bacterial biofilm formation is a common pathogenic
mechanism causing persistent bacterial infections. Previous
studies have pointed out that the duration of indwelling
catheters is a risk factor for the formation of urinary tract
bacterial biofilms, the probability of urinary tract infection in
patients who retain catheters for 3 days is more than 90%, and
the risk of biofilm formation on the catheter wall may increase
3.55 times with each 1-day extension of the indwelling catheter
time (Costerton et al., 1999; Miranda et al., 2017). Furthermore,
the formation of biofilms increases the difficulty of anti-infection
treatment, especially for multidrug-resistant (MDR) bacteria.
Effective measures to prevent biofilm formation include strict
indwelling catheterization indications that reduce unnecessary
catheter use and daily evaluation of patients for early catheter
removal. Therefore, successful removal of catheters is an
important part of treatment for catheter-related urinary tract
infections. In this case, the treatment included both active anti-
infection therapy according to in vitro susceptibility results and
an intermittent catheterization method to shorten the catheter
indwelling time, which prevented bacterial biofilm formation.
Combined with acupuncture and rehabilitation training to
promote autonomous urination, this treatment was eventually
successfully used to treat the patient’s catheter-related CRKP
urinary tract infection.

Case description

A 66-year-old female with a urethral catheter was
hospitalized because of persistent fever for 19 days (20 days
after surgery for suppurative appendicitis). Her underlying
diseases included sicca syndrome, cerebral infarction and
hypertension. After admission, the patient was treated with
fosfomycin ambutritol 3 g QD orally, and her body
temperature and C-reactive protein (CRP) gradually decreased
to normal. The catheter was removed on the 8th day after
admission. Unfortunately, the patient was admitted to the ICU
with advanced life support due to septic shock on the night of
extubation. Both blood and urine cultures showed CRKP, which
was subsequently confirmed to produce KPC carbapenemase.
The patient’s anti-infection therapy included tigecycline 100 mg
q12 h and polymyxin B 50wu q12 h. Her blood culture turned
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negative 2 days later, but the urine culture continued to grow
CRKP. After the administration of polymyxin B for 16 days, an
in vitro susceptibility test showed that the MIC of polymyxin B
was 64 mg/L, which indicated high-level resistance; thus, we
stopped the administration of polymyxin B use and started oral
SMZco 0.96 BID. During the treatment, we tried 3 times to
remove the catheter, but it had to be reset due to urinary
retention. The patient was still unable to urinate
autonomously and relied on the persistent use of urethral
catheters, leading to the failure of controlling the infection
source. The patient’s routine urinalysis was reexamined: the
white blood cell (WBC) count was 22.4/UL, the bacteria count
was 23564.9/UL, and nitrite was negative. The temperature of
the patient did not drop into the normal range. Then,
intermittent catheterization was performed based on the use of
SMZco. At 10 am every day, urine was taken from the catheter
for culture and routine urinalysis. Then, the catheter was
removed, and the catheter tip was submitted for culture.
Aseptic urethral catheterization was performed again within 2-
4 hours, and catheterization was performed until 10 am on the
next day. A size 12CF catheter was selected to reduce the urethral
mucosal damage. The patient was given a reasonable amount of
drinking time and amount of water, with a total daily intake of
2000 ml, 200 ml between 10 am and 13 pm, and the patient
could have water intake at other times as required. At the same
time, the acupuncturist in the department of rehabilitation
administered acupuncture treatment once a day. The patient
was required to perform pelvic floor muscle function training
with the decubitus position, actively contracting and clamping
the anus and urethral orifice, by contracting and relaxing the
muscles for 5-10 seconds, which was repeated 5-10 times for 1
cycle. Two cycles were performed each day in the morning, mid-
day and evening. The patient’s intermittent catheterization
lasted for 9 days. The catheter tip culture showed CRKP in the
first 2 days but was negative from the third day to the ninth day,
and the urine culture was negative starting on the fifth day of
intermittent catheterization. After 11 days of rehabilitation
treatment, the catheter was removed, and the patient urinated
successfully with a urine volume of 230-330 ml each time. Both
the patient’s urine WBC and blood CRP levels returned to
normal ranges, as did her body temperature (Figure 1). The
patient was discharged on the 3rd day after catheter removal,
and the routine urinalyses were persistently normal at the 4-
month follow-up (Table 1).

Discussion

The limited therapy strategies for CRKP infections raise
more challenges for clinical situations. In particular, catheter-
related CRKP infections often cause not only urinary tract
infection but also secondary bloodstream infections, which can
endanger the life of patients. The formation of bacterial biofilms
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FIGURE 1

The tendency of CRP value (left Y axis) and temperature (right Y axis) during hospital stays. FOS, fosfomycin; TGC, tigecycline; COL, colistin; IC,

intermittent catheterization.

TABLE 1 Results of the routine urinalyses.

Hospital stays

Follow-up

Day2 Day8 Day22 Day3l Day33 Day38 Day42 Day52 15-day 3- month 4-month
White blood count (juL) ~ 706.3 224 285.9 50.7 82.6 714 127 23 ND ND ND
Bacterial count (/uL) 24902 23565 16254 78.4 109 114 125 38.9 ND ND ND
Nitrite - - + - - - - - - - -

ND, no detected; “+” represents positive, “-” represents negative.

leads to difficulty in the thorough removal of pathogenic bacteria
in catheter-related infections. Thus, the removal of catheters at
an early stage is the most important measure for the treatment of
urinary tract infections associated with catheterization. In our
study, the patient was diagnosed as urinary tract infection by
CRKP according to the persistent fever, elevated CRP and the
culture of urine. After the removal of the catheter, the patient
could not urinate autonomously, resulting in urinary retention.
However, long-term indwelling of catheters could easily form
biofilms, causing the inability to remove bacteria and an
uncontrollable infection, even we used last resource antibiotic
class like tigecycline and polymyxin B. Worse still, we found the
isolate with high-level resistance to polymyxin B during the
therapy without removal of the catheter. On the other hand,
bladder irrigation is no longer recommended as a treatment
method for urinary tract infection, while cystostomy may
destroy the patient’s quality of life with its many
complications and high risk of infection (Yu et al, 2012).
Promoting autonomous urination is an ideal solution.
Intermittent catheterization is widely used in neurogenic
bladder training (Zaouter et al., 2009) and is the gold standard
for assisting bladder emptying. Intermittent bladder filling and
emptying contribute to recovery of the bladder reflex. Although
the patient did not match the diagnosis of neurogenic bladder,
we extended the application range of intermittent
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catheterization. The purpose was to shorten the indwelling
time of each catheter, preventing the formation of bacterial
biofilm and promoting the control of infection sources, as well
as training the bladder function. A catheter with a 12CF
diameter was used to minimize the urethral injury. The
outcome of this case indicated that intermittent catheterization
was effective in removing biofilms and helpful for the control of
urinary tract infections.

Acupuncture is an effective method to reduce urinary
retention and urinary tract infection and shorten hospital stays
(Zaouter et al, 2009; Yu et al, 2012). A previous study
demonstrated that acupuncture can significantly improve
urinary retention safely and effectively (Chen et al, 2020).
After system evaluation, rehabilitation acupuncture doctors
performed acupuncture treatment on this patient, including
selected acupoints of San Yinjiao, Middle Pole, Guan Yuan, Zu
Sanli, and Qi Hai, which can be beneficial to the function of the
viscera while using traditional Chinese medicine theory and can
contributing to autonomous urination. Pelvic floor muscle
function training can improve the muscle strength of the anal
sphincter, urethral sphincter and pelvic sacral muscle of patients,
and can increase the urethral orifice resistance and the support
function of the pelvic floor muscle to promote urination. At the
same time, the patient was instructed to lift her chest, pull in her
abdomen and lift her buttocks to exercise her lumbosacral
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muscles and pelvic floor muscles to promote the recovery of the
coordination between the bladder detrusor muscle and the
urethral sphincter. In the first 2 days after catheter removal,
the Crede manual pressure method was used to promote
urination; the patient or her family members were taught to
put their hands above the pubic bone and forcefully press the
lower abdomen to squeeze urine out of the bladder (Stohrer
et al, 2009). After removal of the catheter, the patient could
urinate autonomously without the need for resetting
the catheter, contributing to the control of infection, and the
residual urine volume was between 50-80 ml during the
follow-up.

To our knowledge, the successful application of intermittent
catheterization combined with rehabilitation in the treatment of
catheter-associated CRKP urinary tract infection was rarely
reported. As there is an increment in the reports of
carbapenem-resistant strains in other groups (Hong et al,
2015; Molina-Mora et al., 2020; Gottesman et al., 2021;
Molina-Mora and Garcia, 2021) with limited therapeutic
strategies, non-medicine methods like intermittent
catheterization deserve further investigation.

Conclusion

At present, systemic antibiotics are still the most commonly
used method for catheter-associated CRKP urinary tract
infections. Most studies have focused on oral or parenteral
anti-infective therapy, while data on anti-infective therapy are
limited. In this case, in addition to a rational application of
antibiotics, intermittent catheterization was used to remove
catheter bacterial biofilm, which was conducive to infection
control. For patients with urinary retention, the recovery of
autonomous urination is the premise. Acupuncture treatment
and strengthening the pelvic floor muscle through training can
promote autonomous urination and ultimately improve the cure
rate of CRKP catheter-related urinary tract infections.
Functional exercise further promotes the coordination between
pelvic floor muscles and the bladder and improves urination
function in the long term. Therefore, intermittent
catheterization combined with rehabilitation adjuvant therapy
provides a new approach for the treatment of CRKP catheter-
related urinary tract infections.
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