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ABSTRACT

Background: Interstitial cystitis (IC) is a chronic bladder disorder characterized

by pelvic pain, urinary urgency, and frequent occurrence without infection. Animal

models using chemical inducers are essential for studying IC pathophysiology; how-

ever, standardized comparative evaluations are scarce. Methods: This study compared

three chemical-induced IC models: lipopolysaccharide (LPS), acetic acid (AA), and

cyclophosphamide (CYP), in female C57BL/6 mice (n = 32, 8/group). Cystometric

parameters including basal pressure, threshold pressure, peak pressure, intercontrac-

tion interval (ICI), and non-voiding contractions (NVCs) were measured. Bladder

histology was assessed using hematoxylin and eosin staining. The expression of

caspase-9, NF-kB, and cytokeratin-20 (CK20) was analyzed using western blotting.

Results: AA-treated mice exhibited the most severe urothelial disruption, with signif-

icantly elevated caspase-9 (3.1-fold) and NF-«xB (2.8-fold) expression as well as re-
duced CK20 levels (p < 0.05). Functionally, the AA group showed a shortened ICI

(82.4 £ 10.1 s) and increased NVCs. LPS induced prolonged ICI (161.3 £ 8.9 s) with
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moderate inflammation, while CYP increased basal pressure (14.7 + 1.6 cmH-0) and

NVCs, indicating detrusor overactivity. Conclusion: Among the tested models, acetic

acid induction yielded the most consistent inflammatory, histological, and functional

IC phenotypes, making it a robust model to study epithelial injury and acute bladder

inflammation. These findings provide a standardized framework for selecting appro-

priate IC models for translational research.

Keywords: interstitial cystitis, mouse model, cystometry, inflammation, acetic acid, NF-xB

INTRODUCTION

Interstitial cystitis (IC), also referred to as
bladder pain syndrome (BPS), is a chronic,
non-infectious disorder of the lower urinary tract
characterized by persistent bladder wall inflam-

mation in the absence of an identifiable infection.

Clinically, it presents with chronic pelvic pain,
urinary urgency, increased frequency, and su-
prapubic discomfort, all of which contribute to a
substantial reduction in quality of life, particu-
larly among women and elderly individuals'
Although the exact pathogenesis of IC remains
elusive, several mechanisms have been proposed,
including urothelial dysfunction, immune
dysregulation, neurogenic inflammation, and
epithelial barrier disruption. Despite ongoing
investigations, the inflammatory pathways and
molecular events underlying bladder tissue inju-
ry and symptom manifestation in IC have not
been fully elucidated®>. This gap in our under-
standing is primarily because of the absence of
robust and translatable animal models that can
accurately reproduce the chronic, heterogeneous,
and multifactorial characteristics of human IC.
Research indicates that IC is common, po-
tentially affecting up to one in five women, with
a female-to-male ratio of about 10:1. Its preva-
lence is hard to define due to frequent misdiag-
nosis with other pelvic pain conditions. Stress is
often considered a factor, but supporting evi-
dence is limited. Possible causes under study
include allergies, infections, nervous system
disorders, and urinary toxins, though the exact
origin remains unclear®. Therefore, the develop-
ment of reliable, reproducible, and mechanisti-
cally informative animal models is essential to
deepen our understanding of cystitis pathogene-
sis and to facilitate the preclinical assessment of
novel therapeutic interventions. Establishing
standardized and reproducible animal models is
essential to facilitate translational progress in IC
research. Among the available methods, chemi-
cal inducers such as lipopolysaccharide (LPS),

acetic acid (AA), and cyclophosphamide (CYP)
are frequently employed to mimic various
pathological features of IC. The following sec-
tion presents a direct comparative assessment of
the three models under harmonized experimental
conditions.

Animal models, particularly murine mod-
els, have been extensively used to mirror the
pathophysiological characteristics of human
bladder inflammation. Chemical inducers such as
LPS, AA, and CYP are routinely used because
they elicit overlapping yet distinct inflammatory
pathways*. LPS, a component of gram-negative
bacterial membranes, activates Toll-like receptor
4 (TLR4), triggering pro-inflammatory signaling
that disrupts the urothelial barrier and recruits
immune cells to the bladder wall®>. AA provokes
cystitis by directly irritating the urothelium,
thereby modeling non-infectious bladder in-
flammation and enabling studies on nociception
and urinary urgency’. CYP, a chemotherapeutic
prodrug, is metabolized to acrolein, which in-
duces severe urothelial toxicity characterized by
edema, hemorrhage, and robust inflammatory
cell infiltration, thus serving as a model of hem-
orrhagic cystitis”. Together, these chemically
induced models offer complementary insights
into the diverse mechanisms that drive bladder
pathology.

Although LPS-, AA-, and CYP-induced
cystitis models have been individually charac-
terized in previous studies, variations in dosing
regimens, evaluation time points, and outcome
measures have limited the efforts toward direct
comparison and experimental standardization.
Furthermore, only a limited number of studies
have simultaneously evaluated the functional,
histological, and molecular parameters across
these models, thereby restricting their compara-
tive value and translational applicability in pre-
clinical bladder inflammation research. Recent
studies have highlighted the necessity of thor-
ough evaluation of experimental models of cysti-
tis, emphasizing not only urodynamic (functional)
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alterations but also detailed histopathological
assessment and molecular profiling®. Critical
molecular markers include the expression levels
of proinflammatory cytokines, chemokines, and
proteins associated with tissue remodeling and
epithelial repair, all of which provide valuable
insights into the extent and progression of blad-
der inflammation’®. Although LPS, AA, and CYP
are commonly used as chemical agents to induce
cystitis, comparative analyses of these models
under uniform and standardized experimental
protocols remain limited'’. Such comparative
characterization is essential to guide the selection
of appropriate models aligned with specific re-
search aims and to enhance the translational
relevance of preclinical findings. Accordingly,
the present study aimed to develop a standard-
ized murine model of acute cystitis using LPS,
AA, and CYP, and to comprehensively evaluate
the associated changes in bladder function, his-
tological integrity, and molecular responses to
facilitate future therapeutic investigations.

MATERIALS AND METHODS

1.1 Study layout

To reduce variability in IC induction and
enhance translational consistency, we imple-
mented a standardized protocol to compare the
pathological and functional outcomes of three
chemically induced murine models: LPS, AA,
and CYP. Adult female C57BL/6 mice were
randomly assigned to four groups (n = 8 per
group): normal control (NC), LPS, AA, and CYP.
The LPS and AA groups were administered the
respective agents via transurethral instillation,
while the CYP group received intraperitoneal
administration. The NC group received normal
saline via the corresponding route and served as
a procedural control (Figure 1). Subsequent
analyses included cystometric assessment (CMQG)
of bladder function, histological evaluation of
bladder tissue, and western blot analysis of in-
flammation-related molecular markers.

1.2 Experimental animals

Adult female C57BL/6 (B6) mice, 8 weeks
of age at the time of procurement (Jackson La-
boratory, Bar Harbor, ME, USA), were used in
this study. All experimental procedures were
conducted in accordance with the ethical guide-
lines outlined in the Declaration of Helsinki and
were approved by the Institutional Animal Care
and Use Committee (IACUC) of Fu Jen Catholic
University (Approval No.: A11082 from:
2022-08-01 to 2025-07-31). The animals were
housed under controlled conditions in standard
polypropylene cages at 25+ 1 °C with a 12-hour

light/dark cycle. All mice had free access to ster-
ile food and water, and were maintained under
aseptic conditions throughout the experimental
period.

1.3 Pathophysiological induction of intersti-
tial cystitis via LPS, AA, and CYP Exposure

Surgical intervention was performed in
preparation for IC model induction to enable the
subsequent evaluation of bladder changes. The
surgical procedure for catheter implantation and
subsequent cystometric evaluation were based on
our previous methodology (1). Briefly, mice
were anesthetized via intraperitoneal injection of
Zoletil 50 (tiletamine/zolazepam, 25 mg/kg)
combined with xylazine (7.5 mg/kg). A midline
abdominal incision is made to expose the bladder.
A small opening was created at the dome of the
bladder and one end of a polyethylene-50 cathe-
ter (Natsume Seisakusho Co., Tokyo, Japan) was
inserted into the bladder lumen. The bladder was
sutured to ensure watertight sealing. The external
end of the catheter was tunneled subcutaneously
through the left flank and exteriorized in the
posterior cervical region. Proper catheter func-
tion was confirmed by verifying the unobstructed
urine flow without leakage at the bladder inci-
sion site. The catheter was secured and the ab-
dominal wound was closed. To prevent postop-
erative infection, cefprozil (15 mg/kg) was ad-
ministered intramuscularly and the mice were
monitored in a warmed recovery chamber until
full recovery from anesthesia.

To establish the IC model, a total of 32
female C57BL/6 (B6) mice aged 8 weeks were
used. Twenty-four mice were randomly assigned
to receive one of three cystitis-inducing agents,
LPS, AA, or CYP, whereas the remaining eight
mice underwent a sham procedure and served as
the NC group. Three days post-surgery, the ex-
perimental groups underwent chemical induction
of IC. The LPS group received a single tran-
surethral instillation consisting of protamine
sulfate (100 pL, 10 mg/mL) followed by a
5-minute dwell time, then normal saline (100
pL), and finally LPS derived from Escherichia
coli (100 pL, 500 pg/mL) with another 5-minute
dwell time (Sigma-Aldrich, St. Louis, MO,
USA). The AA group received 1% acetic acid
(100 pL) transurethrally for 1 min and was ad-
ministered once daily over three non-consecutive
days. The CYP group was treated with intraperi-
toneal injections of cyclophosphamide at a dose
of 70 mg/kg body weight, once daily for three
consecutive days (Sigma-Aldrich, St. Louis, MO,
USA). The animals were monitored daily for
signs of pain or distress, including abnormal
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behavior, reduced mobility, and hunched posture.

2. 4 Quantitative cystometry (CMG) and func-
tional characterization of bladder activity
Subsequently, all animals underwent CMG
evaluation. Each mouse was gently placed on the
experimental platform and the external end of the
previously implanted PE-50 catheter was con-
nected to a pressure transducer system. Contin-
uous cystometric recordings were initiated using
the MP3 pressure transducer in conjunction with
Biopac Student Lab 4.1 software (Biopac Sys-
tems Inc., Santa Barbara, CA, USA). The fol-
lowing CMG parameters were recorded and
analyzed: basal pressure, peak voiding pressure,
threshold pressure, voided volume (VV),
non-voiding contractions (NVC), and in-
ter-contraction interval (ICI), providing a com-
prehensive assessment of bladder function.

2.5 Hematoxylin and Eosin (H&E)—Based His-
tological Assessment

Following the completion of CMG record-
ings, the mice were euthanized via intraperitone-
al administration of a high dose of pentobarbital
sodium. The bladders were carefully excised and
immediately fixed in 10% neutral buffered for-
malin (w/v) for 24 h to ensure optimal tissue
preservation. Four animals from each experi-
mental group were randomly selected for the
histological analysis. The bladders were bisected
and processed using standard histological pro-
cedures, including dehydration using a graded
ethanol series, post-fixation, and paraffin em-
bedding.

For paraffin embedding, tissue specimens
were placed in stainless-steel molds on a heated
plate maintained at 50-60 °C. Molten paraffin
wax was poured to fully embed the specimens,
which were then allowed to solidify at RT. Ex-
cess wax was trimmed and paraffin blocks were
sectioned into 3 pm-thick slices using a micro-
tome. Sections were mounted on positively
charged glass slides, dewaxed with xylene, and
rehydrated using a descending ethanol series
(100, 95, 90, 80, and 70%), followed by immer-
sion in double-distilled water (ddH-O) for 5 min.
The prepared tissue sections were stained with
hematoxylin and eosin for general morphological
assessment. Staining was performed according to
the protocols described in our previous study!
with minor modifications.

2.6 Bladder Protein Extraction and Western
Blotting

Five mice per group were allocated for
molecular analysis and their bladder tissues were

processed for immunohistochemical staining and
western blot evaluation. The protocol for protein
extraction and immunoblotting was adapted from
Wang et al. (2017)", with minor modifications.
Bladder tissues were homogenized in 300 pL of
T-PER™ tissue protein extraction reagent
(78510; Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with protease inhibitors
(04693132001; Roche, Basel, Switzerland) at a
volume ratio of 25:1 (v/v) using an MP
FastPrep-24 5G homogenizer (MP Biomedicals,
Santa Ana, CA, USA). Following centrifugation
at 12,000 rpm for 15 min at 4 °C, the superna-
tants were collected and the total protein concen-
tration was determined using the BCA Protein
Assay Kit (5000006; Bio-Rad, Berkeley, CA,
USA).

Equal amounts of protein (20 pg per lane)
were denatured, resolved on 10% or 15%
SDS-PAGE gels, and transferred onto polyvi-
nylidene fluoride (PVDF) membranes (1620177;
Bio-Rad, USA). Membranes were blocked in
PBST buffer containing 5% non-fat dry milk at
room temperature for 1 hour and incubated over-
night at 4 °C with primary antibodies diluted in
5% milk: anti-cytokeratin 20 (SC271183; Santa
Cruz Biotechnology, USA; 1:1000), an-
ti-caspase-9 (ab202068; Abcam, UK; 1:2000),
anti-NF-kB p65 (10745-1-AP; Proteintech, USA;
1:1500), anti-GAPDH (60004-1-1Ig; Proteintech,
USA; 1:20,000), and anti-p-actin (SC47778;
Santa Cruz Biotechnology, USA; 1:5000). After
washing, the membranes were incubated for 1 h
at room temperature with the appropriate
HRP-conjugated secondary antibodies: an-
ti-rabbit HRP (115-035-003; Jackson Immu-
noResearch, USA; 1:15,000 for caspase-9 and
NF-kB p65) and anti-mouse HRP (Jackson Im-
munoResearch; 1:15,000 for GAPDH and
1:20,000 for p-actin). Immunoreactive bands
were visualized using immunoblot western
chemiluminescent HRP substrate (WBKLS0500;
Merck, Rahway, NJ, USA), and images were
captured using the VisionWorks® system (Ana-
lytik Jena, Jena, Germany). Band intensities were
quantified using Image Lab software (version 3.0;
Bio-Rad, USA) and relative protein expression
was compared across groups. All Western blot
experiments were independently performed in
duplicate to ensure data reliability and reproduc-
ibility.

2.7 Statistical Analysis

All data are presented as mean + standard
deviation (SD). Statistical comparisons among
groups were performed using the Student’s t-test.
Statistical significance was set at P < 0.05. All
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analyses were conducted using SPSS software
(version 18.0; SPSS Inc., Chicago, IL, USA). A
total of 32 animals were allocated to the study,
with eight mice per group across the four groups.
Power analysis and sample size estimation were
performed using SPSS v18.0. For CMG and
bladder functional analyses, the use of eight
animals per group (n = 32) provided a statistical
power of 98% at an alpha level of 0.05. For his-
tological and western blot analyses, 4 animals
per group (n = 16) were included, achieving a
statistical power of 82% with the same signifi-
cance threshold.

RESULTS

3.1 Comparative evaluation of bladder function
in chemically induced IC models

CMG analysis revealed distinct alterations
in voiding parameters among the chemically
induced IC models compared to the NC group
(Figure 2A). Among the three experimental
groups, AA-treated mice exhibited the most
prominent features of bladder overactivity, char-
acterized by a significant increase in peak void-
ing pressure and higher frequency of
non-voiding contractions (NVCs). These find-
ings indicate detrusor hyperactivity and reduced
voiding efficiency, which closely mirror the
functional abnormalities commonly observed in
patients with IC/BPS. Quantitative analysis of
CMG parameters (Figure 2B) demonstrated that
AA significantly increased peak pressure com-
pared to the NC group (p < 0.05), while also
inducing a notable increase in NVC frequency.
Although ICI was more prolonged in the LPS
group, AA-treated animals maintained a rela-
tively elevated ICI, along with increased VV and
enhanced pressure dynamics, indicating a more
complex voiding phenotype involving both ur-
gency and storage dysfunction. Collectively,
these findings suggest that AA induces a robust
and clinically relevant model of IC that combines
significant functional impairment with marked
tissue pathology. Therefore, the AA model may
offer superior translational value for studying the
pathophysiology of IC and evaluating potential
therapeutic interventions.

3.2 Histological evaluation of bladder archi-
tecture in chemically induced IC models
Representative histological images of
bladder tissues stained with hematoxylin and
eosin (H&E) are presented in Figure 3A, com-
paring the morphological alterations across the
control and IC-induced groups. AA-treated
bladders exhibit marked pathological remodeling
characterized by pronounced urothelial thicken-

ing, submucosal expansion, and muscularis hy-
pertrophy accompanied by substantial inflam-
matory cell infiltration. These features closely
resemble the structural hallmarks of chronic
IC/BPS, indicating a sustained epithelial injury
and compensatory muscular adaptation. In con-
trast, bladders from the LPS group showed mod-
erate epithelial irregularity with localized stromal
edema and less inflammatory infiltration, sug-
gesting a subacute inflammatory phenotype. The
CYP group demonstrated relatively preserved
mucosal integrity with localized disruptions and
mild thickening of the urothelium and detrusor,
indicating limited yet detectable histological
compromise. Tissues from the control group
maintained a well-organized architecture with a
thin urothelium, intact transitional epithelium,
and compact detrusor muscle devoid of patho-
logical changes.

The quantitative morphometric analysis
(Figure 3B) further corroborated these observa-
tions. Urothelial thickness was significantly in-
creased in the AA group, exceeding that ob-
served in CYP, LPS, and control tissues, con-
sistent with epithelial hyperplasia and barrier
dysfunction. Similarly, detrusor muscle thickness
was markedly elevated in the AA group, reflect-
ing hypertrophic adaptation to chronic inflam-
matory stress. LPS-treated bladders showed a
trend toward muscle thinning, whereas the CYP
and control groups retained relatively stable
smooth muscle profiles. Collectively, these find-
ings underscore the superior translational validi-
ty of the AA-induced model, as it recapitulates
both epithelial and smooth muscle pathologies
characteristic of human IC/BPS, thereby provid-
ing a more robust and clinically relevant plat-
form for mechanistic investigations and thera-
peutic evaluation.

3.3 Comparative evaluation of protein expres-
sion in ic mouse models induced by CYP, LPS,
and AA

Western blot analysis was used to evaluate
the expression of key proteins associated with
epithelial differentiation, inflammation, and
bladder structural integrity across the experi-
mental groups. As shown in Figure 4A, Keratin
20 (CK20) expression, a marker of urothelial
maturation and epithelial remodeling, exhibited
significant inter-group variation. The AA group
showed a marked upregulation of CK20, with
expression levels significantly higher than those
observed in the control, CYP, and LPS groups (p
< 0.01). In contrast, the CYP and LPS groups
showed relatively low and comparable expres-
sion, which did not differ significantly from the
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control group. This differential expression pat-
tern suggests that AA-induced injury elicits a
strong epithelial remodeling response, whereas
the CYP and LPS models result in minimal to
moderate impact on urothelial differentiation.

Further investigation of apoptotic and in-
flammatory mediators (Figure 4B) revealed no-
table differences between models. Caspase-9
expression, a key initiator of intrinsic apoptosis,
was significantly upregulated in the CYP group
compared to the control group (p < 0.05), fol-
lowed by moderate elevations in the LPS and AA
groups. Similarly, cleaved caspase-9, which is
indicative of active apoptotic signaling, was
prominently expressed in the CYP group, with
significantly lower levels observed in both the
LPS and AA groups (P < 0.05), suggesting that
CYP-induced cystitis was more extensive. Nota-
bly, NF-kB expression, a pivotal transcription
factor that regulates inflammatory responses,
was significantly elevated in all three IC models
relative to that in the controls (p < 0.01). The
LPS and AA groups exhibited the highest NF-kB
levels, with the AA group trending slightly high-
er, although the difference between the AA and
LPS groups did not reach statistical significance.
These results highlight the robust inflammatory
activation in both models, with AA demonstrat-
ing a greater degree of epithelial remodeling and
inflammation than CYP or LPS.

DISCUSSION

Understanding the complex mechanisms
underlying IC remains a major scientific hurdle,
limiting the advancement of effective treatment
options. This complexity has also hampered the
development of reliable animal models that
closely reflect the clinical features of patients.
Given the growing emphasis on aligning exper-
imental research with clinical reality, there is a
pressing need to design translational models that
faithfully replicate the chronic multifaceted pa-
thology of IC in humans. In the present study, we
systematically compared three commonly used
chemically induced models, LPS, AA, and CYP,
to evaluate their effectiveness in mimicking
IC/BPS pathophysiology. Comprehensive uro-
dynamic assessments, histological evaluations,
and molecular analyses were performed to iden-
tify representative and reproducible models.
Establishing a reliable animal model of IC re-
quires a comprehensive understanding of its
complex pathophysiology. Although the precise
etiology of IC remains unclear, several mecha-
nisms have been implicated, including increased
mast cell infiltration within the bladder wall,
disruption of the protective glycosaminoglycan

(GAG) layer of the urothelium, and autoimmune
dysregulation. Various rodent models have been
developed based on these pathogenic frame-
works to replicate the clinical and molecular
features of IC in humans'?. For instance, the
AA-induced model elicits altered expression of
key urothelial markers such as uroplakin III
(UPK3) and zonula occludens-1 (ZO-1), which
are also consistently observed in human IC
specimens'3. CYP exposure is associated with
elevated expression of pro-inflammatory cyto-
kines and increased mast cell density within the
bladder tissue, yet typically without causing
overt hemorrhage or widespread epithelial dam-
age'®. Furthermore, both systemic administration
and intravesical instillation of LPS have been
shown to provoke robust inflammatory responses
characterized by mast cell activation, cytokine
release, and leukocyte infiltration at the bladder
mucosal interface, hallmarks that mirror the im-
munopathological landscape of IC in humans'.
Preclinical models offer valuable platforms for
elucidating disease mechanisms and for evaluat-
ing potential therapeutic interventions.

CMG evaluation remains a cornerstone for
the functional characterization of bladder patho-
physiology in experimental IC/BPS models.'¢. In
the current study, distinct cystometric signatures
were observed across CYP-, LPS-, and
AA-induced models in comparison with controls,
highlighting variations in bladder dysfunction
patterns linked to each irritant. The CYP-induced
IC model presented significantly elevated basal
and threshold bladder pressures along with
marked reductions in VV and ICI, indicating a
hyperactive bladder state. These findings align
with clinical observations of increased urgency
and frequency in acute IC/BPS, where bladder
capacity is compromised due to inflamma-
tion-driven afferent sensitization. Previous stud-
ies have demonstrated that CYP causes urothelial
barrier disruption, mast cell activation, and neu-
rogenic inflammation, all of which contribute to
detrusor overactivity and NVCs'”. This was re-
flected in our data, in which the CYP group ex-
hibited the most pronounced NVCs among the
experimental models, suggesting an enhanced
afferent excitability and compromised voiding
coordination.

In contrast, the AA model demonstrated
intermediate elevations in basal and threshold
pressures, and a moderate reduction in VYV,
whereas its ICI remained comparable to that of
NC. Previous research supports that AA induces
robust neurogenic inflammation through direct
chemical irritation, leading to transient epithelial
disruption and release of inflammatory media-
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tors'®. Notably, the relatively stable ICI and par-
tially retained voiding function despite severe
histological damage indicated a dichotomy be-
tween structural injury and bladder reflex activi-
ty in the AA model, possibly reflecting early
compensatory mechanisms before detrusor de-
compensation. Overall, each model reflects dis-
tinct pathophysiological features of IC: CYP
mimics acute inflammation with functional im-
pairment; LPS reflects chronic inflammation
with preserved function; and AA exhibits early
epithelial damage with functional compensation.
Among these, the AA model has emerged as a
balanced platform, showing both significant
histological injury and moderate urodynamic
changes, making it a valuable tool for evaluating
therapeutic agents targeting urothelial integrity
and inflammatory resolution.

To further elucidate the structural under-
pinnings of the functional alterations observed in
cystometric recordings, we conducted histologi-
cal analyses of bladder tissue architecture across
the experimental groups. Although urodynamic
parameters such as basal pressure, ICI, and VV
reflect real-time detrusor activity and afferent
signaling dynamics, histological assessments
offer insights into the morphological integrity of
the urothelium and detrusor muscle layers. This
integrative approach enables a more comprehen-
sive understanding of the relationship between
inflammation-induced structural remodeling and
corresponding bladder dysfunction in distinct
IC/BPS models.

H&E staining revealed notable histomor-
phological differences across the experimental
groups, reflecting distinct degrees of bladder
injury and structural remodeling. In the control
group, the urothelium appeared intact, with a
clearly demarcated umbrella cell layer and a
well-organized lamina propria. The detrusor
muscle bundles were compact and uniformly
distributed. In the CYP-treated group, mild
urothelial thickening was observed along with
occasional epithelial sloughing and submucosal
edema. Quantitatively, CYP induced a moderate
increase in urothelial thickness (~44 pum vs. 39
um in the control group), consistent with early
epithelial injury and inflammatory infiltration.
The detrusor muscle layer showed slight thinning
compared to the control, potentially due to in-
flammation-induced smooth muscle disruption or
localized fibrosis, which aligns with previous
findings linking CYP-induced IC with neuroin-
flammation and urothelial denudation (Birder et
al., 2018)'%. The LPS-treated group exhibited
more pronounced epithelial hyperplasia with
basal layer disorganization and mild leukocyte

infiltration. The urothelium showed irregular
thickness (~42 um) and the detrusor muscle ap-
peared relatively atrophic (~520 um), suggesting
impaired structural integrity. These findings
support the notion that LPS induces chronic in-
flammation via TLR4-mediated pathways, lead-
ing to mucosal remodeling and detrusor decom-
pensation'’.

Notably, AA exhibited the most extensive
histological abnormalities. The urothelium was
markedly thickened (~50 pm) and irregular with
extensive epithelial exfoliation and pronounced
subepithelial edema. Despite severe urothelial
damage, detrusor muscle thickness remained
relatively preserved (~670 um), indicating that
AA induced a more superficial injury that spared
the muscle layers in the early phases. This aligns
with prior evidence that AA triggers acute neu-
rogenic inflammation and mucosal barrier
breakdown without immediately compromising
the deeper muscle architecture!'S. These structural
changes collectively reflect the varying patho-
physiological effects of the different IC/BPS
inducers. While CYP and LPS models primarily
induce inflammatory and immune responses that
affect both epithelial and muscular compartments,
AA appears to target the urothelium more ag-
gressively. Interestingly, despite severe epithelial
disruption in AA, detrusor integrity remained
relatively intact, which could explain the inter-
mediate urodynamic outcomes observed in this
model. This distinction is critical for selecting
appropriate models for mechanistic studies and
therapeutic evaluation of IC/BPS. The protein
expression profiles of a-SMA and CK20, two
critical markers of bladder structural integrity
and urothelial differentiation, were evaluated to
assess pathological remodeling in various
IC/BPS animal models. GAPDH was used as a
loading control for normalization. The expres-
sion levels of a-SMA, a cytoskeletal protein
indicative of the smooth muscle contractile phe-
notype and fibrosis, remained relatively con-
sistent across the groups, with a slight increase
noted in the LPS and AA models compared to
the control. Although not statistically significant,
this suggests a trend of mild detrusor hypertro-
phy or fibroblast-to-myofibroblast transition,
particularly in chemically induced inflammatory
settings. This observation aligns with previous
reports linking chronic bladder inflammation to
smooth muscle remodeling and hypercontractili-
ty2021,

In contrast, CK20 is a terminal differentia-
tion marker of umbrella cells in the urothelium,?
and exhibited a striking upregulation in the
AA-treated group relative to all other groups,
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including the control group. This significant
elevation (p < 0.01) underscores the profound
alterations in urothelial phenotype and barrier
function following AA exposure. These findings
are consistent with histological observations of
extensive urothelial damage and regeneration in
the AA model, reflecting active epithelial remod-
eling and compensatory differentiation. In
support of this, CK20 overexpression has previ-
ously been reported in patients with chronic cys-
titis and epithelial injury?%24,

Conversely, both CYP and LPS groups
showed markedly reduced CK20 expression,
indicating a potential suppression or delay in
urothelial regeneration, possibly due to ongoing
inflammation or epithelial denudation®®. These
results suggest that, while AA induces more se-
vere and acute epithelial damage, it may concur-
rently stimulate a regenerative response,
whereas CYP and LPS models reflect more per-
sistent epithelial dysfunction without effective
restitution. Collectively, these findings reinforce
the notion that different IC/BPS models can re-
capitulate the distinct facets of the disease spec-
trum. AA-induced injury appears to provoke
robust epithelial turnover and repair, as evi-
denced by elevated CK20 levels, whereas the
LPS and CYP models manifest sustained epithe-
lial stress without substantial regenerative activ-
ity. Understanding these model-specific respons-
es provides critical insights for selecting appro-
priate platforms for therapeutic intervention and
mechanistic studies in urothelial pathobiology.

STUDY NOVELTY AND CON-
SIDERATIONS

This study offers a standardized, mul-
ti-parametric  evaluation of three chemi-
cal-induced mouse models of IC, LPS, AA, and
CYP, to assess urodynamic function, histological
damage, and molecular markers. Unlike previ-
ously isolated evaluations, this comparative ap-
proach enhances the translational relevance.
Among these models, AA-induced IC exhibited
the most pronounced urothelial disruption, in-
flammatory infiltration, and elevated expression
of caspase-9 and NF-«B, highlighting its suita-
bility for studying inflammation-driven bladder
pathologies. Although this study establishes a
robust comparative framework for IC models, it
has certain limitations. The short-term assess-
ment captures acute rather than chronic respons-
es, and the use of only female mice limits the
sex-based generalizability. Behavioral measures
of pain and urgency were not included and
broader molecular profiling was not performed.
Nonetheless, this study offers a valuable founda-

tion for standardized IC model evaluations in
preclinical research.

CONCLUSIONS

This study provides a systematic and
side-by-side evaluation of three chemically in-
duced IC mouse models under a unified experi-
mental framework. The AA model exhibited the
most pronounced epithelial disruption and in-
flammatory marker expression, thus positioning
it as a robust model for studying acute IC pa-
thology. The LPS and CYP models demonstrate
features reflective of chronic and neurogenic
inflammation, respectively. These findings em-
phasize the importance of model selection based
on targeted research goals. While limited to
acute-phase assessment, female-only subjects,
and a focused biomarker panel, future studies
should address these limitations by incorporating
chronic time points, sex-based comparisons,
behavioral endpoints, and broader molecular
profiling. Thus, this work not only establishes a
standardized benchmark for IC modeling but
also lays the groundwork for future refinement
and translational advancement.
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Figure 1. Experimental timeline for IC model induction and outcome assessments

Experimental timeline for the induction of IC model in mice using LPS, AA, and CYP. Red circles

indicate IC injections, blue circles represent intraperitoneal (IP) injections, red diamonds denote cathe-

ter implantation, purple stars indicate cystometric measurements (CMQG), and euthanasia. Bladder tis-

sues were collected for histological analysis and western blotting after euthanasia.
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Figure 2. Evaluation of bladder function via cystometry in chemically induced IC mouse models
(A) Representative CMG tracings from NC-, cyclophosphamide CYP-, lipopolysaccharide LPS-, and
acetic acid AA-treated mice. Tracings demonstrate voiding cycles and non-voiding contractions of
NVCs over a 10-minute period. The AA- and CYP-treated groups showed increased pressure ampli-
tudes and frequent NVCs, indicative of detrusor overactivity. (B) Quantitative analysis of CMG param-
eters across the groups. AA-treated mice exhibited significantly elevated peak pressure (p < 0.05), in-
creased voided volume, and higher NVC frequency than controls, consistent with bladder overactivity.
The intercontraction interval (ICI) was significantly prolonged in the LPS group, while the basal and
threshold pressures were markedly increased in the CYP group. Data are presented as the mean = SD (n
= § per group); p < 0.05, p <0.01, versus the control group, as determined by one-way ANOVA fol-

lowed by Scheffé’s post hoc test.
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Figure 3. Histological and quantitative assessment of bladder pathology in ic mouse models
(A) Representative H&E-stained bladder sections from each experimental group (Control, CYP, LPS,
AA) at 40x, 100x%, and 200% magnifications. The AA-treated bladders exhibited severe urothelial hy-

perplasia, lamina propria edema, and detrusor muscle hypertrophy, indicative of chronic bladder in-
flammation. The LPS and CYP models showed moderate and focal changes, respectively, while the
control tissues remained histologically intact. (B) Bar graphs represent the mean = SD of urothelial and
detrusor muscle thickness across all groups (n = 4 per group). The AA group showed the most signifi-
cant increases in both parameters compared with the other groups, reinforcing its suitability as a model
for chronic IC/BPS. Statistical comparisons were performed using one-way ANOVA followed by

Scheffé post hoc test; *p < 0.05 was considered significant.
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Figure 4. Protein expression profiling of structural, apoptotic, and inflammatory markers in
bladder tissues of experimental interstitial cystitis models
(A) Representative Western blot images and densitometric quantification of a-SMA and cytokeratin 20
expression in mouse bladder tissues across the control, CYP-, LPS-, and AA-induced IC groups.

GAPDH was used as an internal loading control. Cytokeratin 20 levels were significantly increased in
the AA group, suggesting enhanced urothelial remodeling. (B) Western blot analysis and quantifica-
tion of apoptotic and inflammatory markers caspase-9, cleaved caspase-9, and NF-xB. The CYP group
exhibited the highest levels of caspase activation, whereas NF-kB was strongly up-regulated in the LPS

and AA groups. Values are presented as the mean £ SD (n = 4). *p <0.05, **p <0.01, ***p < 0.001.
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ABSTRACT

Background: Colorectal cancer is among the most prevalent malignancies, and

increasing complexity in treatment and care delivery has heightened demand for

long-term care (LTC) services. This study aimed to investigate LTC needs among

colorectal cancer patients and analyze the influencing predisposing, enabling, and

need-related factors based on Andersen’s Behavioral Model of Health Services Use.

Materials and methods: A cross-sectional survey was conducted from January 4 to

June 8, 2024, at a regional hospital in New Taipei City, Taiwan. A total of 90 patients

were enrolled, and data were collected using validated demographic and LTC needs

questionnaires. Statistical analyses were performed using SPSS 29.0. Results: The

average age of patients was 63.63, with 58.9% male and 92.2% fully independent in

daily living functions. The most clearly recognized LTC need was “family caregiver

support,” while institutional care had the highest perceived need and willingness to

use. Key predictors included age, employment status, living arrangement, economic

condition, primary caregiver status, number of LTC information sources, use of assis-

tive devices, disability level, specific care (e.g., port-A catheter care), and the number

of LTC considerations. Conclusion: Patients exhibited moderate clarity and perceived

need for LTC services but showed low willingness to use them. Family caregiver

support and institutional care were notably preferred and influenced by multiple An-

dersen Model factors. These findings offer valuable implications for future LTC poli-
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cy development and resource optimization, helping to bridge the gap between care

awareness and actual utilization.

Keywords: Colorectal cancer, Long-term Care, Andersen's behavioral model of health services.

INTRODUCTION

Cancer has remained the leading cause
of death in Taiwan since 1982. Over the past
decade, the number of cancer-related deaths
has increased by an average of 3.1% per year,
reflecting the rising proportion of elderly indi-
viduals and population growth. Among the ten
leading causes of cancer mortality, colorectal
cancer ranks third, following lung and liver
cancer. It has demonstrated a continuous up-
ward trend in incidence, reinforcing its signif-
icance as a major public health concern!. Ac-
cording to incidence statistics, colorectal can-
cer has remained the most prevalent cancer
among men in Taiwan for nearly 20 years,
while ranking second among women, follow-
ing breast cancer!.The U.S. Centers for Dis-
ease Control and Prevention reported that in
2018, colorectal cancer ranked fourth in both
cancer mortality and incidence in the United
States, highlighting its significant global health
impact?.

Recognizing the importance of early de-
tection, the Taiwanese government initiated a
national cancer screening program in 2010,
including fecal occult blood tests for colorectal
cancer. This screening method has been shown
to reduce colorectal cancer mortality by 23%
and significantly improve early detection rates,
leading to a five-year survival rate exceeding
90%?3. However, despite advancements in
medical technology and extended life expec-
tancy, cancer has transformed into a chronic
disease requiring long-term management. This
shift has introduced complex challenges, in-
cluding rising healthcare costs, the emergence
of new pharmaceuticals, diversified treatment
approaches, and increasing psychosocial dis-
tress, particularly among younger patients®.
The rapid evolution of cancer therapies, com-
bined with the increasing longevity of patients,
has contributed to the growing complexity of
colorectal cancer treatment and care models.
These changes have intensified long-term care
(LTC) needs, posing significant challenges to
healthcare resource allocation and patient
quality of life. Failure to adequately address
these LTC demands may exacerbate the burden
on healthcare systems, ultimately affecting
patient survival outcomes’”’.

The adverse effects of cancer treatment

vary across disease types and therapeutic reg-
imens, resulting in distinct physiological
symptoms and psychosocial challenges. Con-
sequently, cancer patients require multifaceted
care strategies that encompass medical, psy-
chological, and social domains®. LTC has be-
come an increasingly critical component of
oncology care, reflecting the evolving needs of
cancer patients. Globally, LTC has emerged as
a key healthcare priority, with Taiwan contin-
uously refining its LTC policies to provide
holistic, patient-centered, and integrated care
services. The LTC 2.0 policy, introduced in
2017 under the LTC Services Act, seeks to
foster aging in place while offering compre-
hensive and continuous care solutions®. The
enactment of the LTC Services Act in 2015
further strengthened Taiwan’s LTC infrastruc-
ture, facilitating the expansion of LTC centers
and the integration of various service networks
to improve resource accessibility for cancer
patients®1°,

As a family caregiver of a colorectal
cancer patient, the researcher has firsthand
experience of the emotional and physical toll
that cancer imposes. While medical advance-
ments have extended survival times, the pro-
longed uncertainty of disease trajectories plac-
es substantial psychological and logistical
burdens on both patients and caregivers. The
increasing complexity of daily life, including
challenges related to nutrition, transportation,
and financial stability, further exacerbates
caregiver stress'!. Unaddressed caregiver bur-
den may negatively affect patient adherence to
treatment plans and overall well-being, subse-
quently diminishing the family’s ability to
cope with the illness. This decline in patient
and caregiver resilience can lead to reduced
treatment compliance and impaired quality of
life, highlighting the urgent need for enhanced
LTC services'?!3. Despite the implementation
of LTC 2.0, significant gaps remain in the
availability of practical LTC solutions for col-
orectal cancer patients'4,

To systematically analyze LTC needs
and accessibility challenges faced by colorectal
cancer patients, this study employed Ander-
sen’s Behavioral Model of Health Services. As
one of the most widely applied theoretical
frameworks in healthcare utilization research,
Andersen’s model incorporates three key do-
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mains: predisposing factors, enabling factors,
and need factors. This model sought to predict
healthcare service utilization behaviors by
examining individual and familial determi-
nants!317,

Despite the growing prevalence of colo-
rectal cancer, existing research on LTC expe-
riences among these patients remains limited
in Taiwan. Most studies focus primarily on
treatment modalities and pharmaceutical de-
velopment rather than LTC requirements.
Given the increasing incidence of colorectal
cancer and the escalating LTC burden associ-
ated with it, this study applied Andersen’s
Behavioral Model to investigate LTC needs,
uncover key accessibility barriers, and gener-
ate actionable insights for optimizing LTC
resources and clinical care practices.

MATERIALS AND METHODS

This study adopted a cross-sectional research
design, using a structured questionnaire to
collect data.
Participants and Sampling

This study employed a cross-sectional
research design, utilizing a structured ques-
tionnaire to collect data from colorectal cancer
patients receiving outpatient or inpatient care
at a regional teaching hospital in New Taipei
City, Taiwan. The survey was conducted from
January 4 to June 8, 2024, with a total of 90
valid questionnaires collected. Participants
were selected using a convenience sampling
method, and eligibility criteria included a phy-
sician-confirmed diagnosis of colorectal cancer,
age 18 or older, malignancy confirmed by
pathology for at least six months, and the abil-
ity to communicate in Mandarin or Taiwanese.
Patients diagnosed with multiple types of can-
cer or undergoing intubation or emergency
treatment were excluded. Before data collec-
tion, the researcher explained the study's pur-
pose and procedures to eligible participants
and obtained written informed consent. Partic-
ipants completed the questionnaire inde-
pendently or with assistance from the re-
searcher in outpatient consultation rooms or
inpatient discussion rooms, with an average
completion time of 15 to 20 minutes. Using
G*Power software with an effect size of 0.3, a
significance level of 0.05, and a power of 0.80,
the minimum sample size required was 82; to
account for potential attrition, a total of 90
valid samples were ultimately collected.

Theoretical Framework and Instruments
This study adopted Andersen’s Behav-

ioral Model as its theoretical foundation to
analyze patient care behaviors. The model
emphasizes the dynamic interaction of three
primary components-predisposing  factors,
enabling factors, and need factors-offering a
structured  methodology for examining
healthcare utilization and the underlying moti-
vations driving patient decisions. In this study,
variables were categorized as follows:

Predisposing Factors: Age, sex, marital
status, education level, religion belief, Em-
ployment status, and living status.

Enabling Factors: Economic status, wel-
fare identity, source of income, commercial
insurance, primary caregiver, and sources of
LTC information.

Need Factors: Self-rated health status,
colorectal cancer condition, past care experi-
ence, and consideration factors for LTC use.

Dependent Variables: Clarity, perceived
need, and willingness to use four types of LTC
services (Figure 1).

The questionnaire was developed based
on a review of relevant literature and expert
consultation, with a content validity index
(CVI) of .93, as assessed by three domain ex-
perts. It consisted of two main sections. The
first section captured demographic and disease
characteristics, including age, gender, marital
status, education level, religious belief, occu-
pation, living arrangement, and disease-related
variables. The second section, the LTC Needs
Scale, assessed patients' clarity, perceived need,
and willingness to use four types of LTC ser-
vices: Home-based care (1.Nutritional meal
delivery, 2.Transportation services,
3.Home-based Medical care, 4.Home nursing,
5.Home visit by pharmacists, 6.Home visit by
nutritionists, 7.Home-based rehabilitation,
8.Home service, 9. Assistive device rental, and
10.Living environment modification, etc.),
Community-based services (Adult foster care,
Day care services, Group homes, Respite care,
and Community-based care centers, etc.), In-
stitutional care (Retirement homes, Residential
care facilities, Services for persons with disa-
bilities, Veterans’ homes, and Nursing homes,
etc.), and Family caregiver support (Infor-
mation provision and referral services, LTC
knowledge/skills training, In home respite care,
Emotional support and referral to group ser-
vices, etc.). The scale demonstrated strong
internal consistency reliability, with a
Cronbach's o of .91, indicating good validity
and reliability.
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Data Analysis

All data were analyzed using SPSS ver-
sion 29.0. Descriptive statistics, including
mean, standard deviation, frequency, and per-
centage, were used to summarize participant
characteristics and distributions of LTC needs.
For inferential analysis, t-tests was applied to
compare differences in LTC needs across var-
iables, while Pearson’s correlation coefficient
(r) and multiple regression were used to assess
relationships between variables.

Ethical Considerations

This study received approval from the
Institutional Review Board (IRB) of the re-
gional hospital in Taishan District, New Taipei
City (Approval No. FJUH112325). All partici-
pants provided written informed consent prior
to participation. Data will be retained for two
years after study completion and destroyed
securely in accordance with personal data pro-
tection regulations to ensure participant confi-
dentiality and data security.

RESULTS

A total of 90 valid questionnaires were
collected, achieving a 100% response rate. The
results revealed LTC needs among patients
with colorectal cancer. Using Andersen's Be-
havioral Model, the study analyzed the pre-
disposing, enabling, and need factors that in-
fluence LTC demand.

LTC Needs of Patients with Colorectal
Cancer
Comparison of LTC Types

This study assessed clarity, perceived need,
and willingness to use four LTC categories:
home care, community care, institutional care,
and family caregiver support. Comparative
analysis revealed distinct preference patterns
(Table 1).

Participants recognized family caregiver
support the most, followed by institutional care,
community-based care, and finally
home-based care. In terms of perceived need,
institutional care ranked highest, followed by
community-based care, family caregiver sup-
port, and home-based care. Likewise, willing-
ness to use LTC services followed the same
order, with institutional care being the pre-
ferred option, while home-based care ranked
lowest (Table 1).

When converted to a 100-point scale, the
mean clarity score was 60.75, perceived need
was 64.25, and willingness to use was
50.40(Table 1). These findings suggest that

while participants demonstrated moderate
clarity and need for LTC services, their actual
willingness to utilize these services remained
low, particularly for home and communi-
ty-based LTC. This discrepancy between
recognition and action indicates a gap in ser-
vice utilization, warranting policy interven-
tions and patient education.

a. Home-based Care

Only 8.9% had utilized home-based care
services. Clarity of home-based care was low-
est among all LTC types, with 47.8% reporting
“Unclear” and a mean clarity score of 2.39 (SD
= 0.71). Perceived need was slightly higher
(2.51, SD = 0.67), while willingness to use
home-based care remained low (2.43, SD =
0.82), marking it as the least preferred LTC
option (Table 1).

The mean scores of clarity, perceived need,
and willingness to use across LTC services
were summed to represent overall LTC service
demand, which served as the dependent varia-
ble in a stepwise regression analysis. For
home-based care, significant predictors in-
cluded the number of LTC consideration fac-
tors, being the primary caregiver, and eco-
nomic status, explaining 25.1% of the variance
(Table 4).

b. Community-based Care

Only one participant (1.1%) had utilized
respite care. Clarity was limited, with 42.2%
reporting “Unclear” (mean = 2.41, SD = 0.76).
Perceived need had a mean score of 2.57 (SD
= 0.62), and willingness to use was 2.50 (SD =
0.78) (Table 1).

Significant predictors of community-based
care included the number of LTC consideration
factors, being the primary caregiver, economic
status, and age, collectively accounting for
20.8% of the variance (Table 4).

c. Institutional Care

None of the participants (100%) had
previous institutional care experience. Institu-
tional care had the highest perceived need
among LTC types (mean = 2.69, SD = 0.65).
Clarity was moderate (mean = 2.46, SD =
0.67), yet 81.1% of participants were either
“uncertain” or “unwilling” to use this service
(Table 1).

Significant predictors of institutional
care included the number of LTC consideration
factors, being the primary caregiver, and the
use of assistive devices, collectively account-
ing for 19.5% of the variance (Table 4).

d. Family Caregiver Support

Only one patient (1.1%) reported expe-

rience using family caregiver support services,
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specifically for information provision/referral,
emotional support, and referral to group-based
services. This service type exhibited the high-
est clarity among LTC options (mean = 2.48,
SD = 0.72). Perceived need and willingness to
use were both moderate (mean = 2.51, SD =
0.75) (Table 1).

Significant predictors of family caregiver
support included the number of LTC consider-
ation factors and being the primary caregiver,
collectively accounting for 18.5% of the vari-
ance (Table 4).

Findings Based on Andersen’s Behavioral
Model Factors
Predisposing Factors

Among respondents, 58.9% were male
and 41.1% were female. The age ranged from
37 to 83 years, with a mean age of 63.63 (SD =
9.50). More than half (51.1%) were under the
age of 65. Most participants were married
(71.2%), held a high school or vocational edu-
cation level (36.7%), and identified with Tao-
ism (34.5%). Regarding employment, 33.3%
were retired, while 88.9% lived with others.
The most common co-resident structure was
one additional household member (32.2%).

Among predisposing factors, unem-
ployed individuals demonstrated greater clarity
regarding both home-based care (t = 2.045%)
and institutional care (t = 2.410%). Those living
alone also exhibited greater clarity of institu-
tional care (t = 2.266%*) (Table 2). Age was
positively correlated with LTC perceived need
across all categories (Table 3), and was also
identified as a significant predictor of demand
for community-based services (Table 4).

Enabling Factors

The majority of participants reported
their financial status as “average” (57.8%). All
respondents held a catastrophic illness certifi-
cate (100%). The primary source of income
was self-funded (62.2%), while 55.6% had
commercial insurance. The main caregiver was
self (44.4%). Regarding LTC information,
64.4% of participants had access, primarily
through media sources (40%).

Among enabling factors, individuals
with lower economic stability showed signifi-
cantly higher clarity regarding home-based
care (t = -2.266*) and caregiver support (t =
-2.676%). Economic status was also a signifi-
cant predictor for both home-based care and
community-based services (Table 4). Institu-
tional care clarity differed significantly based
on the presence of LTC information sources (t

= 2.499%), while self-caregivers reported sig-
nificantly higher clarity for home-based care
services (t = 2.101%*) (Table 2). This factor was
also a significant predictor across all LTC ser-
vice categories (Table 4). The number of LTC
information sources available to patients was
positively correlated with institutional care
clarity (r = .257%*) (Table 3).

Need Factors

Self-rated health status was predomi-
nantly “average” (61.1%), with a mean score
of 3.08 (SD = 0.72). The average disease dura-
tion was 1.82 years (SD = 1.99), ranging from
one month to over six years, with most patients
(68.9%) diagnosed within the past year. The
most common cancer stage was Stage III
(50%). The majority of participants (92.2%)
were fully independent in activities of daily
living (ADL). All participants had undergone
chemotherapy and port-A catheter care, with
16.7% receiving colostomy care. However,
only 8.9% had used assistive devices, with
wheelchairs being the most utilized. Regarding
LTC -related considerations, 96.7% of partici-
pants had thought about LTC, with economic
concerns (61.1%) and self-care ability (60%)
as the most cited factors.

Among influencing factors, individuals
who were fully independent demonstrated
greater perceived need for institutional care (t
= 2.384%). Patients receiving only Port A cath-
eter care reported higher perceived need for
family caregiving support (t = 2.384%). Partic-
ipants who used assistive devices reported
significantly higher perceived needs for
home-based (t = 2.299%), community-based (t
= 2.157%), and institutional (t=2.669**) LTC
services. Their willingness to use communi-
ty-based  (t=2.431*) and institutional
(t=2.822**) services was also significantly
greater (Table 2). Moreover, the use of assis-
tive devices was identified as one of the pre-
dictors for institutional service demand (Table
4). The number of LTC consideration factors
was positively correlated with both perceived
need for LTC services and willingness to use
them (Table 3). The number of LTC considera-
tion factors was also a significant predictor
across all LTC service categories (Table 4).

DISCUSSION

Analysis of the LTC Needs among Colorec-
tal Cancer Patients

Findings from this study indicated that
colorectal cancer patients exhibited low utili-
zation rates across all four categories of LTC
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services-home-based care, community-based
care, institutional care, and family caregiver
support. Despite moderate levels of clarity,
perceived need, and willingness to use these
services, actual engagement remains limited.
This aligns with previous research highlighting
the importance of strengthening integrated,
continuous care resources in oncology set-
tings'18,

Among the four LTC types, home-based
care had the lowest utilization rate (8.9%),
with low scores in clarity, perceived need, and
willingness to use. These findings support the
perspective of Shih & Huang!®, who suggested
that without structured interdisciplinary inte-
gration, services may fail to align with patient
needs, thereby reducing engagement rates.
Wang & Chen? further emphasized that en-
hancing patient trust, service accessibility, visit
frequency, and service diversity could help
increase home care utilization.

Community-based care services were
utilized by only one respondent, indicating
significant underutilization. Although 92.2% of
patients were fully independent in activities of
daily living (ADLs) and may not require day-
care or community housing, ensuring timely
access to respite care for caregivers remains
critical in reducing caregiver burden’.

In contrast, institutional care services
exhibited relatively high levels of clarity and
perceived need, suggesting that patients were
somewhat familiar with available options.
However, 81.1% of participants expressed
uncertainty or unwillingness to use institution-
al care, likely reflecting cultural preferences
for aging in place and receiving fami-
ly-centered home care, which remained a
strong tradition in Taiwan?*-2!,

Among LTC services, family caregiver
support was the most widely recognized, yet
clarity scores were still moderate, equating to
62 out of 100 on a normalized scale. Prior
research highlighted the critical role of care-
giver health in patient outcomes®>. Moreover,
Altschuler et al.'' assert that caregivers should
be regarded as equally important as patients,
advocating for comprehensive caregiver sup-
port systems to reduce caregiver burden and
strengthen family resilience in cancer care.

Factors Influencing LTC Needs

This study, guided by Andersen’s Be-
havioral Model of Health Services, examined
the relationships among predisposing, enabling,
and need factors in shaping LTC needs. The
results indicate that certain factors within the

three dimensions were significantly related to
LTC needs.
1. Predisposing Factors of LTC Needs

Age was a key factor significantly asso-
ciated with LTC perceived need and was also
identified as a primary predictor of demand for
community-based care services. Older patients
exhibited higher perceived need across all four
service categories, consistent with findings by
Yang?® and Lai et al. 2!, which suggest that
older adults tend to require more long-term
support systems.

Regarding employment status, unem-
ployed individuals demonstrated significantly
higher clarity of both home-based care (¢ =
2.045*%) and institutional care (¢t = 2.410%)
compared to employed individuals. Further
analysis revealed that unemployed individuals
were generally older and had longer disease
durations, leading to greater exposure to care
resources and stronger motivation to explore
service options. However, Lai et al.?! found no
direct correlation between employment status
and LTC service usage, suggesting the need for
further examination of interaction effects
among related variables.

Living arrangements also played a role
in LTC clarity. Individuals living alone exhib-
ited significantly greater clarity of institutional
care services than those living with others (¢ =
2.266%). This finding aligned with research by
Luo et al. ** and Yang?, which noted that peo-
ple living alone tend to have heightened crisis
awareness, leading them to be more proactive
in preparing for future care needs.
2.Enabling Factors of LTC Needs

Patients with lower economic stability
demonstrated significantly higher clarity of
LTC resources, and this factor emerged as a
predictor of both home-based and communi-
ty-based care needs. This may be attributed to
their constrained personal resources, which
heighten motivation to seek LTC services,
aligning with findings from Kao et al.?® and
Tseng & Shih7.

Patients who simultaneously served as
their own primary caregiver reported signifi-
cantly higher perceived need for home care
services (¢ = 2.101%*), and this dual-role status
emerged as a predictor of overall LTC needs.
This finding suggested that individuals who
occupy both care recipient and caregiver roles
experience heightened demand for external
support, aligning with the conclusions drawn
by Lai et al.?!

Regarding LTC information access,
findings indicated that the number of LTC
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information sources was positively correlated
with institutional care clarity (r = .257%), sug-
gesting that greater access to information en-
hances service recognition. Interestingly, par-
ticipants without formal LTC information
sources reported higher clarity of institutional
care, likely due to informal information
sources, such as peer discussions or online
platforms. This observation aligned with
Babitsch et al.?® and Wu et al.?’, who suggest
that information accessibility significantly
impact healthcare service utilization.

3. Need Factors of LTC Needs

Participants who were fully independent
in ADLs reported significantly higher per-
ceived need for institutional care (r =2.384%).
This may reflect proactive planning behavior
rather than actual functional limitation, sup-
porting the view of Babitsch et al.?®, who em-
phasize the link between subjective need and
healthcare-seeking behavior.

Regarding special care contexts, patients
who receive only Port A catheter treatment
report a higher perceived need for family care-
giving support (¢ =2.384%*). This suggested that
individuals with lower clinical care intensity
may face physical discomfort or psychological
stress in daily life without timely professional
assistance, thereby increasing their reliance on
family caregivers and heightening their subjec-
tive perception of familial support.

Regarding the use of assistive devices,
the findings indicated that patients who did not
use such equipment reported higher perceived
needs and greater willingness to utilize LTC
services. This factor also emerged as a signifi-
cant predictor of institutional care needs, sug-
gesting that individuals without assistive de-
vices may have unmet care needs. Although
Babitsch et al.?® highlighted that those with
specific medical conditions tend to use more
healthcare services, patients without assistive
devices may still require substantial attention
to their care needs due to disease burden or
psychological distress.

Finally, the number of LTC considera-
tions was positively and significantly correlat-
ed with both perceived need and willingness to
use all four LTC services, and it was the first
significant predictor included in the regression
model. This supports the theoretical assump-
tions of Andersen’s model, reinforcing the idea
that patients who factor in multiple aspects of
LTC planning are more likely to recognize
their needs and seek related services.

CONCLUSIONS

This study explored LTC needs among
colorectal cancer patients and revealed the
following insights:

1. Patients exhibited approximately 60%
clarity and perceived need for various LTC
services, including home-based, communi-
ty-based, institutional care, and family care-
giver support. However, their willingness to
utilize these services remained lower, at ap-
proximately 50%, indicating a significant gap
between awareness and actual engagement.

2. A notable finding was that patients'
willingness to use family caregiver support
services was significantly correlated with their
clarity, perceived need, and willingness to use
home-based, community-based, and institu-
tional care services.

3. Based on Andersen's Behavioral
Model, key predisposing factors significantly
influencing LTC needs included age, employ-
ment status, and living status.

4. Significant enabling factors affecting
LTC demand were identified as economic sta-
tus, who served as the primary caregiver, and
the number of LTC information sources.

5.Critical need factors influencing LTC
demand included use of assistive devices, level
of disability, specific care needs (only receiv-
ing Port-A catheter care), and the extent to
which patients considered LTC factors and
their count.

These findings underscore the necessity
of targeted interventions to bridge the utiliza-
tion gap and optimize LTC resource allocation
for this patient population.
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— Home-Based Care
Economic Status
Welfare Identity Community-Based
Source of Income Care Perceived
Commercial Insurance > Need
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Support to Use

Need Factors
Self-Perceived Health Status
Colorectal Cancer Condition

Time Since Diagnosis
Cancer Stage
Level of Disability
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Lse of Assistive Devices
Consideration Factors for LTC Use

Figure 1. The theoretical framework of the study
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TABLES
Table 1. Comparison of Clarity, Perceived Need, and Willingness to Use LTC Ser-
vices (N = 90)
Service Type Evaluation Clarity Perceived Need  Willingness to Use
Overall mean Type (M £ SD) (M £ SD) (M £ SD)
Home-Based Raw Score 239t.71 251t .67 243+ .8
Care
Converted
57.03 Score
i 59.75 62.75 48.60
(100-point)
Community-Based Raw Score 241+ .76 2.57 + .62 250+ .78
Care
Converted
58.17 Score
i 60.25 64.25 50.00
(100-point)
Institutional Care  Raw Score 2.46 £ .67 2.69 £ .65 2.64 + .84
60.52 Converted
Score
. 61.50 67.25 52.80
(100-point)
Family Caregiver =~ Raw Score 248+ .72 2.52 + .64 251+ .75
Support
Converted
58.40 Score
i 62.00 63.00 50.20
(100-point)
Overall Average Raw Score 243+ .64 2.57 + .59 252+ .72
58.47 Converted
Score
) 60.75 64.25 50.40
(100-point)

Note: Converted scores are based on a maximum of 4 points for clarity and need (converted by multi-

plying M x 25), and 5 points for willingness (converted by M x 20).
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Table 2. Factors Influencing LTC Needs among Colorectal Cancer Patients (N = 90)

Home-Based Community-Based Institutional =~ Family Care-
Factors n Care Care Care giver Support
M+SD M+SD M+SD M+SD
Clarity
Employment Status  Unem- 59 249+ .75 2.51+ .75 2.58+ .67 2.54+ .65
ployed
31 219+ .60 2.23+ .76 2.23+ 61 2.35+ .63
Employed
t(p) 2.045*
(.044) 1.688(.950) 2.410* (.018) 1.173(.244)
Living Status 10 2.70+ .67 2.70+1.06 2,90+ .74 3.00+ .67
Alone
Not 80 2.35t+ .71 2.38+ .72 240+ .65 241+ 71
Alone
t(p) 1.471(.145) 1.275(.206) 2.266* (.026) 2.495(.014)
Economic Status Moderate 25 2.12+ .73 2.24+ 78 2,28+ .74 2.16+ .80
Below Moder- 65  2.49+ .69 248+ .75 2.52+ .64 2.60+ .66
ate
t(p) -2.266*(.026) -1.325(.188) -1.546(.126) -2.676*(.019)
Source of LTC Information 32 253+ .80 247+ .88 2.69%+ .74 2.63+ .79
None
58 2.31t .65 2.38+ .70 2.33+ .60 240+ .67
Yes
t(p) 1.413(.161) .530(.597) 2.499*(.014) 1.445(.152)
Primary Caregiver 40  2.68+ .73 2.70+ .61 2.80+ .65 2.65+ .66
Self
Other 50 2.38+ .60 2.46+ .61 2.60+ .64 242+ .61
t(p) 2.101*(.039) 1.853(.067) 1.466(.146) 1.712(.090)
Use of Assistive Devices 82 244+ .67 244+ 74 2.49+ .63 251+ .69
None
8 1.88+ .99 2.13+ .99 2.13+ .84 2.13+ .99
Yes
t(p) 2.177%(.032) 1.113(.269) 1.465(.147) 1.456(.149)
Perceived Need
Independent 83 254+ .63 2.59+ .61 2.73+ .63 2.55t .63
Fully
7 2.14+1.07 2.29+ .76 2.14+ .69 2.14+ .69
Not Fully
t(p) 1.515(.133) 1.255(.213) 2.384*(.019) 1.649(.103)
Special Care Required 69 258+ .70 2.62+ .62 2.77+ .65 2.61+ .65
Only
- Port-A Catheter 21 2.29+ .56 2.38+ .59 2.43+ .60 2.24+ 54
Not only
t(p) 1.770(.080) 1.583(.117) 2.147(.035) 2.384*(.019)
Use of Assistive Devices 82 256+ .61 2.61+ .58 2.74+ 61 2.56+ .61
None
8 2.00+1.07 2.13+ .84 2.13+ .84 2.13+ .84
Yes
t(p) 2.299*(.024) 2.157*%(.034) 2.669**(.009) 1.865(.066)
Consideration Factors 3 3.00+ .00 3.00+ .00 3.33+ .58 3.00+ .00
None
for LTC Use 87  2.49+ .68 2.55+ .62 2.63+ .64 251+ .65
Yes
t 6.939*** 6.698*** 1.775 7.151%**
(p) (.000) (.000) (.079) (.000)
Willingness to Use
Use of Assistive Devices 82 248+ .79 2.56+ .76 2.72+ .81 257+ .72

None
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8 2.00+1.07 1.88+ .84 1.88+ .84
Yes
t(p) 1.576(.119) 2.431*(.017) 2.822**(.006)
Consideration Factors 3 3.00+ .00 3.00+ .00 3.33+ .58
None
for LTC Use 87 241+ .83 2.48+ .79 2.62+ .84
Yes
t 6.596%** 6.104*** 1.456
(p) (.000) (.000) (.149)

1.88+ .84

2.581*(.012)
3.33t .58

2.48t .75

1.953
(.054)

*p < .05+ **p < .01 » ***p < 001
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Table 3. Correlation Analysis of LTC Needs among Colorectal Cancer Patients (N =90)

Community-Based Lo Fami.ly
Factors Home-Based Care Care Institutional Care Caregiver
Age NI NC (HBC) (1) Support
(CBC) (FCS)
r
C P w C P w C P w C P
HBC C -.066 149 .015 1
P .216* .195 367F**  329%* 1
w191 174 395%** - 207*  .610*** 1
CBC C .04 .056 .026 .858***  286** .179 1
P .249* 108 .286** .208*  .832%** 550***  239* 1
W -194 119 .314** 292%*  BB3*** 12***  216* 592*** 1
IC C 121 257* 145 J26*** 224*  269* .660*** 209* .224* 1
P .262* 143 274%* 119 JJ03*** 531*** 148 . 781***  466*** 174 1
w197 122 .322** 271%*%  563** .682***  231* .566*** .702*** .270* .684*** 1
FCS C .040 152 .085 768**  .231* 158 .700***.142 .248* .703**.201 .265* 1
P .219* 156 .296** 190 .806***.612*** 131  .805*** .617*** .120 .831*** .622*** 183 1
W 105 144 382***  337*F*  .630***.800***  .276** .625***  .877*** 280*537*** |718***  200* .675**
Note: *p<.05° **p<.01 ***p<.001

NI=Number of LTC Information Sources
C=Clarity

P= Perceived Need
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NC= Number of Consideration Factors
W=Willingness to Use

29



Fu-Jen Journal of Medicine Vol. 23, No. 4, 2025

Andersen’s Model and LTC Needs in CRC S o
Table 4. Stepwise Regression Analysis of LTC Needs among Colorectal Cancer Patients (N= 90)

Factors B B Adjed-R2 t VIF
Home care
constant 6.526 9.4205**
*
NC 471 311 3.281*** 1.067
Primary Caregiver -2.360 -.679 -3.995*** 3.428
Economic Status 1.601 463 251 2.685** 3.528

Community services

constant 3.975 3.008**

NC 341 .235 2.412* 1.070
Primary Caregiver -2. 830 -.626 -3.583*** 3.428
Economic Status 1.633 493 2.775** 3.551
Age .039 227 .208 2.372* 1.029

Institutional care

constant 6.469 9.753***

NC 394 .265 2.627** 1.127
Primary Caregiver -.889 -.260 -2.732** 1.003
Use of Assistive Devices 1.316 .226 195 2.241 1.125

Family caregiver support

constant 8.024 20.758***

NC .502 347 3.621*** 1.002

Primary Caregiver -1.021 -.307 185 -3.201** 1.002
Note: * p < .05 **p< 01 *x% 1 < 001

NC= Number of Consideration Factors
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Applying Andersen's Behavioral Model to Explore the Long-Term Care Needs of Pa-
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ABSTRACT

Introduction: The umbilicus is a common site of various embryological anoma-

lies. Congenital umbilical cord hernia involves the herniation of abdominal contents
into the umbilical cord, a condition often misdiagnosed as omphalocele. Case
Presentation: We describe a rare case of a term male neonate with a prenatal diagno-
sis of an umbilical cyst. Postnatally, the cyst ruptured, revealing exposed viscera with
a blood-tinged discharge. Initial suspicion of congenital umbilical cord hernia led to
imaging studies, which ruled out other gastrointestinal or genitourinary anomalies.
Surgical exploration confirmed a urachal cyst, which was excised without complica-
tions. The patient had an uneventful recovery and was discharged in good condition.
Discussion: Urachal cysts, though uncommon, can mimic other umbilical anomalies
and may present atypically, as seen in our case. Early diagnosis and prompt surgical
intervention are essential to prevent complications. This case emphasizes the diverse
presentations of urachal remnants and the importance of clinical suspicion in manag-
ing umbilical anomalies. Conclusion: Urachal cysts can present as umbilical cord
hernias, complicating diagnosis. A thorough clinical evaluation, imaging, and surgical

management are critical to ensuring favorable outcomes.

Keywords: Umbilical cyst, Urachus, Urachal cyst, Umbilical cord hernia
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INTRODUCTION

Psoriasis is a chronic inflammatory der-
matosis, which is a systemic disorder associ-
ated with arthritic, psychological, cardiovas-
cular. The umbilicus is a common site of vari-
ous embryological anomalies involving the
midgut, abdominal wall, vessels, and urachus.
Umbilical cord hernia is a distinct condition
that arises during a specific stage of embryo-
logical development.! Congenital umbilical
cord hernia involves herniation of the small
bowel and occasionally other abdominal con-
tents into the umbilical cord.>® Therefore, any
prenatal or postnatal finding of an umbilical
mass requires careful evaluation.

Literature review reveals limited reports
of umbilical cord hernia associated with ex-
tracelomic colonic atresia, short gut, and patent
omphalomesenteric duct.** Few cases describe
umbilical cord swelling or cord cysts linked to
a patent urachus.*

We present a rare case of a term neonate
diagnosed with a urachal cyst presented with
umbilical cord hernia, covered by viscera,
without a fistulous tract. This report highlights
the unique clinical features and diverse
presentations of urachal remnants in neonates.

CASE REPORT

A term male newborn, weighing 2670 g,
was born via spontaneous vaginal delivery at
40 weeks of gestation. Prenatal examination
revealed no significant anomalies, except for a
suspected cyst in the umbilical region. After
birth, a 1.5 x 1.5 cm umbilical cyst was ob-
served, and routine care was provided at a
regional obstetrics and gynecology clinic. Five
days after birth, the umbilical cyst ruptured,
revealing exposed viscera with a mild
blood-tinged discharge (Figure 1). The baby
was subsequently transferred to our ward for
further management.

Initially, the patient was suspected to
have congenital hernia of the umbilical cord
associated with a small omphalocele. We cov-
ered the mass with warm saline-soaked gauze,
administered intravenous fluids, and started
prophylactic antibiotics. Comprehensive im-
aging studies—including abdominal and renal
ultrasonography—were conducted to thor-
oughly evaluate for any additional anomalies
beyond the umbilical hernia and showing no
gastrointestinal or genitourinary anomalies.

The patient remained vitally stable, and
surgery was performed the following day.
During the operation, a urachal cyst was con-
firmed (Figure 2). The urachus had failed to

Li-Yi Tsai, Shu-Chi Mu, Yi-Ling Chen, Chi-Jen Chang

seal at its connection to the umbilicus, result-
ing in a blind-ending tract extending from the
umbilicus into the bladder. The urachal cyst

was excised, and the umbilical ring was closed.

There were no intraoperative complications,
and postoperative recovery was uneventful.
Histopathological examination revealed a sinus
tract lined with bland-looking transitional epi-
thelium, consistent with a urachus with sec-
ondary infection. Feeding was initiated 24
hours postoperatively, and the patient was
discharged in good clinical condition on the
7th postoperative day.

This study was approved by Institu-
tion-al Ethics Review Board (permission
number: T-20241110).

DISCUSSION

Congenital hernia of the umbilical cord,
also known as umbilical cord hernia, is a dif-
ferent type of ventral abdominal wall defect, in
which the midgut is found herniating into the
substance of the umbilical cord. Its incidence
is estimated to be 1 in 5000.° Unlike omphalo-
cele and gastroschisis, there is no deficiency of
the anterior abdominal wall and is not linked
chromosome anomalies. It originates at an
early stage of embryogenesis and therefore
may be detectable by fetal ultrasonography as
early as the second trimester.”> Congenital her-
nia of the cord is an often misdiagnosed and
under-reported entity easily confused with a
small omphalocele.®

In the differential diagnosis of umbilical
cord hernia in neonates, it is crucial to distin-
guish this condition from other causes of um-

bilical protrusions for appropriate management.

Umbilical cord hernia involves herniation of
abdominal contents into the umbilical cord,
covered by a thin membranous sac. In contrast,
omphalocele presents with a similar herniation
but is often larger and associated with a broad-
er base and other congenital anomalies. Gas-
troschisis, another differential, is characterized
by an abdominal wall defect without a mem-
branous covering, typically located lateral to
the umbilicus.®

Umbilical cysts should also be consid-
ered in the differential diagnosis of umbilical
cord hernia. These cysts are uncommon, lined
with epithelium, and arise from remnants of
the omphalomesenteric duct or allantois.”®
Patent omphalomesenteric duct anomalies,
including cysts and sinuses, result from the
persistence of the vitelline duct and may in-
volve intestinal structures, often presenting
with gastrointestinal symptoms.® In contrast,
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urachal cysts originate from incomplete oblit-
eration of the urachus and are confined to the
urinary tract, typically appearing as midline
umbilical masses without intestinal involve-
ment.'” Accurate differentiation between these
conditions requires careful clinical evaluation
and imaging to ensure appropriate surgical
management.

The urachus is a tubular structure that
connects the cloaca to the allantois during fetal
development, eventually forming the bladder
and umbilicus. Normally, the urachus becomes
obliterated during embryogenesis. Failure of
this process can lead to urachal abnormalities,
which are classified based on the persistence of
the urachus between the bladder and umbili-
cus.!! The incidence is approximately 1: 5000
livebirths.!>!3 These include patent urachus
(47%), urachal cyst (30%), umbilical-urachal
sinus (18%), and vesico-urachal diverticulum
(3%).'9 In cases with a patent urachus or ura-
chal abnormalities, the presentations vary from
umbilical discharge to recurrent urinary tract
infections and abdominal pain.

Our case differs from typical urachal
anomaly presentations, where patent urachus is
usually identified postnatally by urine leakage
from the umbilicus. In contrast, this patient
presented with a prenatal umbilical cyst re-
sembling an umbilical cord hernia, without
urine leakage or genitourinary symptoms. Un-
like most reported cases where urachal cysts
are diagnosed after secondary infection or
symptomatic presentation, our patient was
diagnosed and treated before significant com-
plications. This highlights the need for in-
creased clinical suspicion in similar cases and
contributes to a broader understanding of the
variable presentations of urachal remnants.
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FIGURE AND FIGURE LEGENDS

Figure 1. The viscera of umbilical cyst ruptured and mild blood-tinged discharged was found

}'!' o "'

Figure 2. The urachal cyst was dissected, revealing that it did not seal close to the umbilicus and lead

to a blind ending tract into the bladder.
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ABSTRACT

We report a case of a 36-year-old male patient with alcoholic liver disease who
was admitted due to fever and right upper limb swelling. During hospitalization, the
patient was diagnosed with liver cirrhosis complicated by open pulmonary tuberculo-
sis, Acinetobacter baumannii and tuberculous bacteremia. Despite aggressive treat-
ment, including anti-tuberculosis medications and supportive care, the patient died
due to multiple organ failure. This case highlights the diagnostic and therapeutic
challenges of tuberculosis infection in cirrhotic patients and emphasizes the im-

portance of early diagnosis and individualized treatment approaches.

Keywords: liver cirrhosis, tuberculosis bacteremia, acute respiratory distress syndrome

INTRODUCTION immunocompromised hosts,> including those

with the disease of acquired immunodeficiency
syndrome and liver cirrhosis.*> This case report
describes a complex case of a cirrhotic patient
with open pulmonary tuberculosis combine with
bacteremia and was expired due to acute respir-
atory distress syndrome (ARDS). The reported
mortality rate of tuberculous bacteremia ranges
from 20% to 50%, with even higher rates in pa-
tients with underlying liver disease.®’ The com-
bination of liver cirrhosis with tuberculosis bac-
teremia is rare and presents unique diagnostic
and therapeutic challenges.® Liver dysfunction
may mask typical symptoms of tuberculosis,
while also limiting treatment options due to po-
tential  hepatotoxicity = of  first-line  an-
ti-tuberculosis medications.” By analyzing this
case, we hope to raise awareness of such com-

Liver cirrhosis is a severe chronic condi-
tion that compromises the immune system, mak-
ing patients more susceptible to various infec-
tions.! Open pulmonary tuberculosis, character-
ized by the presence of acid-fast bacilli in spu-
tum microscopy or culture, represents a highly
infectious form of the disease. These patients are
capable of transmitting the infection to others
through respiratory droplets, making early diag-
nosis and proper management crucial not only
for the patient but also for public health.? Tuber-
culous bacteremia, the presence of Mycobacte-
rium tuberculosis in the bloodstream, represents
a severe form of disseminated tuberculosis.
While relatively rare in immunocompetent indi-
viduals, its incidence increases significantly in
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plex situations and discuss the importance of
diagnostic and treatment strategies.

CASE REPORT

A 36-year-old alcoholic liver cirrhosis
male was sent to our emergency room due to
fever with chillness and swelling in right upper
limb for more than one week. Mild abdominal
distension, liver and spleen palpable was also
noted and abdominal ultrasound showed liver
cirrhosis, ascites and splenomegaly. Under the
impression of cellulitis and liver cirrhosis, he
was admitted to our ordinary ward. During hos-
pitalization, the patient presented with hypo-
natremia (Na: 129mmol/L), coagulopathy (PT
18.5 seconds, INR 1.6), thrombocytopenia
(Platelets 38x1079/L), liver dysfunction (ALT
56U/L, AST 78U/L, Albumin 28g/L) and hyper-
bilirubinemia (Total Bilirubin 6.7mg/dl). On day
3, the patient passed a significant amount of
bloody stool, followed by a drop in hemoglobin
to 3.7 mg/dL. The panendoscopy was performed
and showed esophageal variceal rupture combied
with active bleeding. Due to hypovolemic shock
and persistent high fever, he was transferred to
the intensive care unit (ICU). On day 4, fol-
lowed chest X-ray (figure 1-C) showed bilateral
lung edema and intubation with invasive venti-
lator was performed for acute respiratory failure.
On day 9, extubation was performed and follow
up CXR showed bilateral lung infiltration regress
change. But intermittent high fever was still
noted and an abdominal CT scan without con-
trast showed massive ascites, which was tapped,
revealing clear yellowish fluid. Laboratory anal-
ysis indicated no signs of infection in the ascites.
On day 25, Acinetobacter baumannii was isolat-
ed from sputum and blood culture. Positive ac-
id-fast staining was also found from sputum and
blood smear, thus pyogenic infection with sepsis,
open pulmonary tuberculosis and tuberculosis
bacteremia were suspected. On day 34, chest
X-ray (figure 1-D) revealed bilateral peripheral
infiltration and consolidation, and arterial blood
gas showed metabolic acidosis with hypoxemia
(pH:7.187 pCO2:14.3 mmHg p02:68.6 mmHg
HCO3 act:5.3 meq/L). Sepsis with acute respir-
atory distress syndrome was suspected and intu-
bation was performed again. Unfortunately, the
patient's condition got worsened rapidly, with
hypoxemia, hypercaboncemia, hypotension,
hypoglycemia and expired on day 36.

Review his history, the sputum study for
tuberculosis was negative finding at initinal dur-
ing this hospilization. He was even admitted to
our hospital due to pneumonia with pleural effu-
sion 3 years ago. (figure 1-A) At that time, spu-
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tum and pleural effusion study for tuberculosis
was also negative finding. Two years ago, he
suffered from a fever with a productive cough.
Pneumonia was suspected, and there was no
evidence of tuberculosis. (figure 1-B) Oral anti-
biotics were given for one week in the outpatient
clinic.

This study was approved by Institution-al
Ethics Review Board (permission number:
CGH-P114039).

DISCUSSION

The diagnosis of pulmonary tuberculosis is
primarily based on abnormalities observed in
chest X-rays combined with sputum examina-
tions.!® The progression of tuberculosis is either
chronic or subacute. In this case, the initial chest
X-ray upon admission was normal, and the spu-
tum acid-fast bacilli test was negative, indicating
no signs of tuberculosis at that time. However,
the patient subsequently developed cellulitis
accompanied by persistent high fever, and
chronic alcoholic liver cirrhosis led to complica-
tions such as massive esophageal variceal bleed-
ing and acute pulmonary edema due to extensive
fluid resuscitation, resulting in respiratory failure
that required intubation and mechanical ventila-
tion. Approximately one month after hospitaliza-
tion, the patient experienced bacteremia due to
Acinetobacter baumannii and Mycobacterium
tuberculosis, sepsis, and acute respiratory dis-
tress syndrome. This experience highlights that
the progression of tuberculosis in immunocom-
promised patients can be rapid!!; therefore, when
dealing with such patients, even if initial tests for
tuberculosis are negative, we must maintain a
high index of suspicion and vigilance regarding
the possibility of tuberculosis.

Bacteremia from Mycobacterium tubercu-
losis is relatively rare and typically occurs in
immunocompromised patients, such as those
with HIV.!? The patient in this case had alcoholic
hepatitis, which inherently causes immune defi-
ciency and malnutrition. Additionally, cirrhosis
leads to impaired synthesis of immune factors
and reduced toxin clearance, while accompany-
ing splenomegaly can decrease the number of
lymphocytes and other immune cells in the
blood.!* As a result, infections in these patients
often present atypically and severely, with poorer
prognosis, making early diagnosis and treatment
even more critical. !4

In treating pulmonary tuberculosis in pa-
tients with cirrhosis, the abnormal liver function
restricts the use of some first-line tuberculosis
medications, such as rifampin, isoniazid, and
pyrazinamide.'> Therefore, we used streptomycin
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and levofloxacin to treat the tuberculosis, along 7. Jacob ST, Moore R, Karamagi C, et al.
with cefepime and meropenem for the Acineto- Mycobacterium tuberculosis bacteremia in
bacter baumannii bacteremia. a cohort of HIV-infected patients

Infections leading to sepsis and acute res- hospitalized with severe sepsis in Uganda.
piratory distress syndrome are associated with PLoS One 2013.
high mortality rates, and their prognosis is 8. LinZZ, Chen D, Liu S, et al.
closely related to the patient's age, chronic dis- Mycobacterium tuberculosis bacteremia in
eases, immune deficiency, and the extent of or- a human immunodeficiency virus-negative
gan failure.16 In this case, although the patient patient with liver cirrhosis: A case report.
was young, the immune deficiency caused by PLoS One 2021. [PMCID: PMC9082709]
end-stage cirrhosis and sepsis led to multiple 9.  Sutherland JC, McNulty CA, et al.
organ failure, resulting in a poor prognosis. Cur- Tuberculosis in patients with liver disease:
rently, there are no effective specific treatments A review. J Clin Gastroenterol 2020; 54(5):
for sepsis; the only option is supportive therapy 391-398.
for the organs.17 However, due to the rapid pro- 10.

gression and extensive impact of the disease, the

2 AR TU3R. 2020, * 4% Iﬁi;’) iéa‘ﬁ (%
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patient unfortunately passed away. 11. Sester M, van Leth F, Bruchfeld J, et al.
Risk assessment of tuberculosis in

CONCLUSION immunocompromised patients: a TBNET
For high-risk populations such as patients study. Am J Respir Crit Care Med 2014;

with liver cirrhosis, clinicians should maintain 190:1 168f76-

heightened awareness and consider tuberculosis https://doi.org/10.1164/recm.201405-0967

screening promptly when symptoms like fever oc )

present. Early diagnosis not only improves pa- 12 Pavlinac PB, Lokken EM, Walson JL, et al.

tient outcomes but also prevents disease trans- Mycobacterium tuberculosis bacteremia in

mission, which has significant public health im- adults and children: A systematic review

plications. and meta-analysis. PLoS One 2018.

https://doi.org/10.1371/journal.pone.01951
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FIGURE AND FIGURE LEGEND

Figure 1. A. The chest X-ray from three years ago revealed blunting of the right costophrenic angle

and increased infiltration in the right lower lung field. Right pneumonia with empyema was suspected.

B. Two years ago, the chest X-ray revealed increased infiltration in the right lower lung field. Pneumo-
nia was suspected at that time. C. Consolidation was noted in the bilateral hilar area, and acute lung

edema was suspected. An endotracheal tube was also inserted for acute respiratory failure. D. Diffuse
infiltration was noted in the bilateral lung fields, and peripheral lung involvement was predominant.

Acute respiratory distress syndrome was suspected.
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Fatal Case of Alcoholic Liver Cirrhosis Complicated by Tuberculosis Bacteremia:

A Case Report
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