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Abstract.  Catheter-associated urinary tract infections (CAUTI) are a cause 
of complications among neurosurgical patients, leading to greater morbidity 
and mortality.  In this study, we aimed to determine and evaluate the factors 
significantly associated with CAUTI among elderly neurosurgical patients at 
the study institution in order to inform preventive measures and optimize 
patient care by identifying modifiable and non-modifiable factors associated 
with CAUTI.  Inclusion criteria for study subjects were being a neurosurgical 
patient aged ≥60 years with an indwelling urinary catheter for ≥48 hours, 
having a negative urine culture on admission and in whom the complete 
medical records were available to review.  Exclusion criteria were having 
abnormal coagulation testing, severe autoimmune disease or an endocrine 
disease.  Subjects were divided into those with and without a CAUTI, and 
the final outcome, including death, was recorded.  The criteria for a CAUTI 
were having a symptomatic urinary tract infection in a patient with an 
indwelling urinary catheter or developing an infection within 48 hours of 
catheter removal.  This study was a retrospective review of patient charts.  
Multivariate logistic regression analysis was used to determine independent 
and dependent factors significantly associated with a CAUTI among study 
subjects.  The following factors were significantly associated with a CAUTI 
on multivariate logistic regression analysis: a Glasgow Coma Scale (GCS) 
score <8 (adjusted odds ratio (aOR): 4.079, 95% confidence interval (CI): 
1.156-14.393, p = 0.029), having diabetes mellitus (aOR: 2.822, 95% CI: 1.200-
6.632, p = 0.017), having a urinary catheter for ≥7 days (aOR: 2.952, 95% CI: 
1.115-7.810, p = 0.029), having a D-dimer level >0.5 mg/ml (aOR: 2.704, 95% 
CI: 1.146-6.381, p = 0.023), having undergone bladder irrigation (aOR: 3.179, 
95%CI: 1.396-7.235, p = 0.006) and receiving ≥2 types of antibiotics during 
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INTRODUCTION

A catheter-associated urinary 
t r a c t  i n f e c t i o n  ( C A U T I )  i s  a 
symptomatic urinary tract infection 
o c c u r r i n g  i n  a  p a t i e n t  w i t h  a n 
indwell ing urinary catheter (Ma 
et al,  2022) or within 48 hours of 
catheter  removal  (Chenoweth  et 
al, 2014; Liu et al, 2023a).  A study 
from Shandong,  China reported 
the  incidence of  a  CAUTI to  be 
13.79 infections/1000 catheter days 

(Liu  et al,  2023a).  Another study 
from Qingdao, China reported the 
incidence of CAUTI to be 9.33% (Li 
et al,  2019). One study found the 
incidence of CAUTI was second only 
to pneumonia as a cause of hospital-
acquired infections among elderly 
pat ients  wi th  ur inary  ca theters 
(Wang et al, 2022). 

Elderly neurosurgical patients 
may be frailer and may be more likely 
to have underlying chronic diseases 
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hospitalization (aOR: 2.873, 95% CI: 1.247-6.620, p = 0.013).  In summary, a 
number of factors were significantly associated with a CAUTI, some of which 
are modifiable.  We conclude urinary catheters should be removed prior to 7 
days where possible and bladder irritation should be avoided.  Those with 
non-modifiable risk factors should be monitored regularly for a urinary 
tract infection.  Further studies are needed to determine if making these 
modifications in this study population can reduce the incidence of CAUTI. 

Keywords: geriatric, neurosurgery, urinary tract infection, associated factors, 
preventive measures
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increasing their risk for developing 
CAUTI (Ma et al, 2023; Polites et al, 
2014).  A CAUTI can complicate the 
treatment of neurosurgical patients 
by increasing the r isk  for  other 
infect ions,  such as  hemiparesis , 
meningitis and ventriculitis (Lin et 
al, 2022; Ellahi et al, 2021; Polites et 
al, 2014).  These infections can lead 
to extended hospital stays, the need 
for additional surgical interventions, 
or delayed patient recovery from 
their neurological disease (Li et al, 
2019; Shen et al, 2024; Wang et al, 
2022).  It is estimated that 65%-70% 
of  CAUTI  can  be  prevented  by 
managing the duration of having 
a urinary catheter (Griffiths and 
Fernandez, 2007),  having correct 
catheter hygiene (Yang et al, 2023), 
removing unnecessary catheters 
( Z h o u  e t  a l ,  2 0 2 2 ) ,  m o n i t o r i n g 
and managing diabetes (Yang  et 
al,  2023) and using antimicrobial 
prophylaxis in specific high-risk 
c a s e s ,  s u c h  a s  t h o s e  i n v o l v i n g 
i m m u n o c o m p r o m i s e d  e l d e r l y 
pat ients  or  pat ients  undergoing 
prolonged catheterization due to 
complex neurosurgical interventions 
(Zhou et al, 2022).

During 2022, in the Department 
of Neurosurgery, Shanghai Tongren 
Hospital, PR of China, 711 out of a 

total of 2835 neurosurgical patients 
( 2 5 . 1 % )  h a d  a  u r i n a r y  c a t h e t e r 
placed.  Of these, 43 (6% of those 
with catheters) developed a CAUTI.  
Of those who developed a CAUTI, 38 
(88%) were aged ≥60 years (Rabbani 
et al,  2022).  The total number of 
days in which patients had urinary 
catheters was 3838 days, giving a 
CAUTI incidence of 11 cases/1000 
catheter days for that year (Kumar 
et al, 2022). 

O n e  s t u d y  r e p o r t e d  t h e 
organisms causing CAUTI were: 
Gram-negat ive  bacter ia  in  34%, 
Gram-positive bacteria in 46% and 
fungi in 20%; Enterococcus faecalis 
was the most common organism 
isolated (Chen  et al ,  2023).   This 
information is important for guiding 
antimicrobial therapy.  The presence 
of fungi in the above list highlights 
t h e  i m p o r t a n c e  o f  c o n s i d e r i n g 
fungal  pathogens  as  a  cause  of 
CAUTI (Chen et al, 2023).  This data 
shows the  necess i ty  of  ongoing 
surveillance and infection control 
measures to mitigate the risk of 
CAUTI. 

Hemiparesis may be associated 
with CAUTI among neurosurgical 
p a t i e n t s  ( G o n g  e t  a l ,  2 0 1 7 ) .   A 
previous study reported 52.6% of 
elderly patients with CAUTI had 
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hemiparesis.  Prolonged immobility 
and poor bladder management have 
been reported to be associated with 
CAUTI (Gong et al, 2017).  Elevated 
calcitoninogen and D-dimer levels 
h a ve  a l s o  b e e n  r e p o r t e d  t o  b e 
assoc ia ted  wi th  CAUTI  (Ba i l ly , 
2022).

G i v e n  t h e  m o r b i d i t y  a n d 
mortality associated with CAUTI 
a m o n g  e l d e r l y  n e u r o s u r g i c a l 
patients,  we aimed to determine 
what modifiable and non-modifiable 
factors were associated with CAUTI 
at our institution during the study 
period in order to inform efforts 
to prevent CAUTI in this patient 
population. 

MATERIALS AND METHODS

Study subjects

I n c l u s i o n  c r i t e r i a  f o r  s t u d y 
s u b j e c t s  w e r e :  n e u r o s u r g i c a l 
patients,  aged ≥60 years,  having 
an indwelling urinary catheter for 
≥48 hours, having a negative urine 
culture on admission and having 
complete medical records available 
for retrospective review.  

Exc lus ion  c r i t e r ia  for  s tudy 
subjects  were :  having abnormal 
c o a g u l a t i o n  t e s t i n g ,  s e v e r e 
a u t o i m m u n e  d i s e a s e  o r  o t h e r 

s i g n i fi c a n t  e n d o c r i n e  d i s e a s e s 
(excluding diabetes mellitus). 

Evaluated factors

F a c t o r s  s t u d i e d  f o r  t h e i r 
association with CAUTI were: (1) 
pat ient - re la ted  fac tors ,  such  as 
female  gender ,  having diabetes 
m e l l i t u s ,  h a v i n g  h y p e r t e n s i o n , 
having an elevated D-dimer level , 
having an elevated c-reactive protein 
level, having an elevated calcitonin 
level, having leukocytosis, having 
hemiparesis,  having pre-existing 
g e n i t o u r i n a r y  a b n o r m a l i t i e s , 
and having a  GCS score  <8 ;  (2 ) 
e n v i r o n m e n t a l  f a c t o r s ,  s u c h  a s 
length of hospital stay ≥15 days, 
having an emergency admission, 
h a v i n g  u n d e r g o n e  m e c h a n i c a l 
v e n t i l a t i o n ,  I C U  a d m i s s i o n  o r 
tracheotomy; (3) medication-related 
factors, such as the use of ≥2 types 
of antibiotics; and (4) procedural 
factors, such as having undergone 
bladder flushing and the number of 
days a urinary catheter was left in 
place (Fig 1).

Data collection

T h e  f o l l o w i n g  d a t a  w e r e 
collected from the medical records 
o f  e a c h  s t u d y  s u b j e c t :  s u b j e c t 
gender, history of diabetes mellitus, 
history of hypertension, D-dimer 



236

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 55 No.5 September 2024

Fig 1 - Analysis of factors associated with CAUTI among study subjects

Note: The numbers in the figure represent the mutual influence between 
the associated factors as well as their influence on the occurrence of 
CAUTI, with larger numbers indicating greater influence.

CAUTI: Catheter-associated urinary tract infections; e2: Resulting event  
(a CAUTI) that occurs; GCS: Glasgow Coma Score

l e ve l ,  c - r e a c t i ve  p r o t e i n  l e ve l , 
c a l c i t o n i n o g e n  l e v e l  ( e l e va t e d 
in cases  of  severe infect ion and 
organ fai lure) ,  leukocyte  count , 
history of stroke with hemiparesis, 

history of genitourinary disease, 
Glascow Coma Scale (GCS) score, 
length of hospital  stay,  mode of 
a d m i s s i o n  ( a d m i s s i o n  t h r o u g h 
a n  e m e r g e n c y  d e p a r t m e n t  o r 
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via a  scheduled/planned route) , 
m e c h a n i c a l  ve n t i l a t i o n  d u r i n g 
the hospitalization, tracheotomy, 
history of  being admitted to the 
I n t e n s i ve  C a r e  U n i t  ( I C U ) ,  t h e 
n u m b e r  o f  a n t i b i o t i c s  u s e d  i n 
combination during the hospital 
stay,  the number of days with a 
urinary catheter and whether the 
study subject underwent bladder 
irrigation therapy.

Statistical analysis 

We  p e r f o r m e d  u n i v a r i a t e 
a n a l y s i s  t o  i d e n t i f y  f a c t o r s 
s i g n i fi c a n t l y  a s s o c i a t e d  w i t h 
CAUTI using a p-value <0.05 for 
prel iminary  screening.   Factors 
that were significant on univariate 
a n a l y s i s  w e r e  i n c l u d e d  i n  a 
mul t ivar ia te  logis t i c  regress ion 
analysis model,  where a p-value 
<0.05 was considered statistically 
significant.

We used the  Chi-square  test 
to  assess  potent ia l  assoc ia t ions 
b e t w e e n  c a t e g o r i c a l  va r i a b l e s 
and the occurrence of CAUTI on 
mult ivar ia te  logis t i c  regress ion 
analysis.  The Statistical Package for 
the Social Sciences (SPSS), version 
24.0 software (IBM, Armonk, NY) 
was  used  to  conduct  s ta t i s t i ca l 
calculations.  A p-value <0.05 was 
considered statistically significant.

O d d s  r a t i o s  ( O R )  a n d  9 5 % 
confidence  in terva ls  (CIs )  were 
calculated to evaluate the strengths 
of associations between each factor 
and CAUTI.

Ethical consideration

This  s tudy was approved by 
the Medical Ethics Committee of 
Tongren Hospital ,  Shanghai Jiao 
Tong University School of Medicine, 
Shanghai ,  China  (Approval  No: 
7 2 7  R e s e a r c h  N o . 0 2 3 - Q u i c k ) .  
Patient data were obtained without 
ident i fy ing  fac tors  so  informed 
consent was not obtained to conduct 
this study.

RESULTS

Subject characteristics

A tota l  of  242  subjects  were 
included in the study, 143 males.  
The mean (±standard deviat ion) 
age of study subjects was 68 (±10) 
(range: 60-97) years.  Sixty subjects 
(24.8%) had a craniocerebral injury, 
74 (30.6%) had a stroke, 53 (21.9%) 
had a brain tumor, 50 (20.7%) had a 
cranial nerve disease and 5 (2.1%) 
had other neurological conditions.  
Of the total of 242 subjects, 38 (16%) 
had a CAUTI, 23 males.  Ten subjects 
(26.3%) had a craniocerebral injury, 
13 (34.2%) had a history of a stroke, 
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10 (26.3%) had a history of a brain 
tumor and 5 (13.2%) had a cranial 
nerve disease. 

U n i va r i a t e  a n a l y s i s  o f  f a c t o r s 
associated with CAUTI 

O n  u n i va r i a t e  a n a l y s i s ,  t h e 
f a c t o r s  s i g n i fi c a n t l y  a s s o c i a t e d 
with a CAUTI were: patient gender, 
a  G C S  s c o r e  < 8  p o i n t s ,  h a v i n g 
diabetes mellitus, having a urinary 
catheter  for  ≥7  days ,  a  hospi ta l 
s t a y  o f  ≥ 1 5  d a y s ,  e m e r g e n c y 
admission, D-dimer level >0.5mg/l, 
endotracheal intubation, admission 
to the ICU, having bladder washing 
and receiving ≥2 types of antibiotics 
were less than 0.05 (Table 1).

Multivariate logistic analysis of 
factors associated with CAUTI 

T h e  f o l l o w i n g  f a c t o r s  we r e 
significantly associated with CAUTI 
on multivariate logistic regression 
analysis: a GCS score <8 (adjusted 
odds ratio (aOR):  4.079,  95% CI: 
1.156-14.393,  p = 0.029),  diabetes 
mellitus (aOR: 2.822, 95% CI: 1.200-
6.632, p = 0.017), having a urinary 
catheter for ≥7 days (aOR: 2.952, 
95% CI :  1 .115-7 .810 ,  p  =  0 .029) , 
D-dimer level >0.5mg/l (aOR 2.704, 
95% CI:  1 .146-6.381) ,  p  =  0.023) , 
b ladder  i r r iga t ion  (aOR:  3 .179 , 
95% CI: 1.396-7.235, p = 0.006), and 

receiving ≥2 types of  antibiotics 
(aOR: 2.873, 95% CI: 1.247-6.620,  
p = 0.013) (Table 2).

DISCUSSION

In our study, a low GCS score 
was significantly associated with 
CAUTI.  This is  the same as the 
findings of a previous study from 
Anhui, China that reported a lower 
GCS was associated with prolonged 
catheterization increasing the risk 
of developing a CAUTI (Perrin et al, 
2021).  Patients with low GCS scores 
often have limited mobility and are 
fully dependent on nursing care for 
hygiene management.  Inadequate 
or  incons is tent  hygiene  care  in 
such patients can increase the risk 
of catheter-associated infections, 
h igh l ight ing  the  impor tance  o f 
f o l l o w i n g  n u r s i n g  p r o t o c o l s  t o 
prevent CAUTI.  Early removal of 
catheters in patients with impaired 
consciousness may reduce CAUTI 
rates (Kidd et al, 2015; Wang et al, 
2022).

In our study, patients with DM 
were more likely to develop CAUTI, 
similar to the findings of previous 
studies (Kidd et al, 2015; Perrin et 
al, 2021).  Hyperglycemia reduces 
t h e  e ffi c i e n c y  o f  n e u t r o p h i l s , 
r e d u c i n g  t h e  b o d y ’ s  a b i l i t y  t o 
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prevent infection (Fu  et al ,  2022).  
Poor glycemic control  can cause 
glucosuria, increasing the chance 
of bacterial growth in the urinary 
t r a c t  ( F e r n a n d e z  a n d  G r i ffi t h s , 
2 0 0 5 ) .   D i a b e t i c  p a t i e n t s  o f t e n 
experience autonomic dysfunction, 
which may result  in  incomplete 
bladder emptying and increased 
r e s i d u a l  u r i n e ,  r e s u l t i n g  i n 
greater infection risk (Wang et al, 
2022).  The combination of these 
fac tors  makes  d iabet i c  pat ients 
particularly susceptible to CAUTI.  
C l o s e  m o n i t o r i n g  a n d  e ff e c t i ve 
m a n a g e m e n t  o f  b l o o d  g l u c o s e 
levels in patients with indwelling 
ca the ters  m ay  reduce  in fec t ion 
risk (Perrin et al, 2021; Kidd et al, 
2015).  Our findings highlight the 
importance of maintaining proper 
glycemic control  in catheterized 
elderly neurosurgical patients.

I n  o u r  s t u d y ,  p r o l o n g e d 
catheterization was significantly 
a s s o c i a t e d  w i t h  C A U T I  s i m i l a r 
to previous studies (Perrin  et  al , 
2021; Wang et al, 2022).  Prolonged 
catheterization increases the chance 
of bacterial colonization.  Longer 
categorization times allow bacteria 
to establish colonies and migrate 
along the catheter into the bladder, 
significantly increasing the risk of 

infection.  Minimizing the duration 
of catheter use, should reduce the 
incidence of CAUTI.

I n  o u r  s t u d y ,  w e  f o u n d  a 
s ign ificant  assoc ia t ion  be tween 
a n  e l e va t e d  D - d i m e r  l e ve l  a n d 
CAUTI.  A previous study reported 
D-dimer is an indicator of systemic 
i n fl a m m a t i o n  ( G r i ffi t h s  a n d 
Fernandez,  2007) .   D-dimer is  a 
non-specific inflammatory marker 
and may be elevated in urinary 
tract infections (Hur  et al ,  2019).   
A previous study (Wang et al, 2022) 
reported patients with an elevated 
D-dimer level were more likely to 
develop an infection; this may be 
because pro-inflammatory cytokines 
impaired immune responses and 
endothelial integrity, facilitating 
bacterial invasion. 

In our study, receiving more 
than one type of  ant ibiot ic  was 
s i g n i fi c a n t l y  a s s o c i a t e d  w i t h 
CAUTI, similar to the results of a 
previous study (Perrin et al, 2021).  
The  use  o f  mul t ip le  ant ib io t i cs 
may disrupt the normal bacterial 
flora in the urinary tract, making 
it more susceptible to colonization 
by  pathogens .   Broad-spectrum 
antibiotics may alter the immune 
response in the elderly, increasing 
the risk for CAUTI (Kidd et al, 2015; 
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Wang et al, 2022).  Further studies 
are needed to determine whether 
tailored antibiotic regimens, based 
o n  c u l t u r e  r e s u l t s  a n d  s p e c i fi c 
p a t i e n t  c o n d i t i o n s ,  m a y  h e l p 
minimize CAUTI.

Limitations of this study 

A limitation of this study was 
that it was conducted in only one 
hospital, we also had a small number 
of study subjects.  Future studies 
need to include multiple hospitals 
to identify factors associated with 
CAUTI so the results may be applied 
to a larger population. 

In summary, a number of factors 
w e r e  s i g n i fi c a n t l y  a s s o c i a t e d 
with a CAUTI, some of which are 
modifiable.  We conclude urinary 
catheters should be removed prior 
to 7 days where possible and bladder 
irritation should be avoided.  Those 
with non-modifiable risk factors 
should be monitored regularly for 
a urinary tract infection.  Further 
studies are needed to determine if 
making these modifications in this 
study population can reduce the 
incidence of CAUTI. 
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