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Background: Indwelling abdominal drains for intermittent drainage is an effective treatment for refractory
malignant ascites, bacterial colonization and subsequent drain-related infection is however a common
concern. This study aimed to investigate the patterns of bacterial colonization and the subsequent infection
outcomes in patients with indwelling abdominal drains.
Methods: All consecutive advanced cancer patients with newly inserted indwelling abdominal drains and
who were under the service of the ascites clinic of our institution for intermittent drainage between January
2011 and March 2018 were screened for study eligibility. Patients with positive surveillance ascitic fluid
culture without immediate drain-related infection were included in the final analysis. Clinical information
during the drainage period was prospectively collected using standardized clinical assessment forms. These
assessment forms and other medical records were retrospectively reviewed.
Results: Sixty nine patients developed bacterial colonization without immediate infection during the study
period. The most common cancer diagnosis was hepatocellular carcinoma (HCC), which comprise 30.4%
of the population. Central venous catheters (CVCs) were inserted in 76.8% of patients and pigtail drains in
23.2% as the indwelling abdominal drain. The median duration from drain insertion to the development of
bacterial colonization was 18.0 days. Staphylococci, Diphtheroid bacilli and Enterococci were the most common
types of bacteria isolated during colonization. Thirty patients (43.5%) developed drain-related infection
subsequently and the median time from bacterial colonization to development of infection was 14.5 days.
The incidence rate of drain-related infection after bacterial colonization was 1.78 per 100-catheter days and
the 1-month infection-free survival was 54.4%. Five patients (7.2%) developed peritonitis and 4 of them
died from the infection episode. Decrease in body mass index (BMI) (P=0.03), having 3 or more episodes
of drainage in the ascites clinic before bacterial colonization (P=0.03), presence of Escherichia coli (P=0.04)
and Bacillus species (P=0.04) in surveillance ascitic fluid culture were significantly correlating with infection
outcomes in univariate analyses. HCC as cancer diagnosis (OR 8.85, 95% CI: 1.86–42.07, P=0.006) and
decrease in body weight (OR 1.20, 95% CI: 1.02–1.42, P=0.03) were significant factors that correlated with
infection outcomes in multivariate analysis.
Conclusions: Bacterial colonization and subsequent progression into drain-related infection are common
in patients on indwelling abdominal drains for malignant ascites. Staphylococci is the most common type of
bacteria causing both colonization and subsequent drain-related infection. HCC and decrease in body weight
are significant factors that correlate with infection outcomes after bacterial colonization.
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Introduction

malignancy.

Background
Ascites is a common cancer-related complication in patients
with advanced malignancy. Clinically significant amount
of ascites causes considerable symptom burden including
abdominal distention, pain, dyspnea, nausea, vomiting,
early satiety, constipation, reduced mobility and problems
with the body image (1-4). Diuretic therapy is one of the
management options of ascites in cancer patients however
evidence regarding the use of diuretics in the context
of malignant ascites is weak and controversial (1). The
clinical benefit appears to be less in patients with malignant
ascites caused by peritoneal carcinomatosis. Many of the
advanced cancer patients have ascites that is refractory to
medical management. Abdominal paracentesis provides
good relief of ascites-related symptoms in 78–90%
of patients yet the effects are usually temporary (1,2).
Repeated paracenteses many a time are necessitated due
to the inevitably re-accumulating ascites and as a result
exposing patients to repeated invasive procedures and risks
of related complications (5-7). Patients may also wait until
substantial re-accumulation of ascites before having another
paracentesis to avoid frequent procedures and hospital stays,
which could result in detrimental effects on their quality of
life (8). Extra burden may also be imposed on their families
due to the related frequent hospital admissions (5).
Indwelling abdominal drain for intermittent drainage
For advanced cancer patients with refractory ascites,
insertion of indwelling catheters into the abdominal cavity
for intermittent drainage can be considered in order
to prevent repeated invasive procedures and multiple
hospitalizations, thus improving quality of life (3,5-7).
These catheters can either be percutaneous catheters
inserted directly through the abdominal wall into the
peritoneal cavity, for example, pigtail catheters and central
venous catheters (CVCs), or catheters with subcutaneous
tunnels, for example, PleurX catheters and Tenckhoff
catheters (3). The rate of technical success of indwelling
catheters insertion was reported to be 100% and the rate
of symptom control was 75% to 100% (3,4). A significant
improvement in symptom control and quality of life has
also been reported in almost all patients (3-7,9-14). In light
of these favorable clinical outcomes, insertion of indwelling
abdominal drains appears to be a promising option for
relieving refractory ascites in patients with advanced
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Bacterial colonization and drain-related infection
Although the technical safety and clinical efficacy of
indwelling abdominal drains for advanced cancer patients
with refractory ascites have been demonstrated (3-7,9-25),
bacterial colonization and subsequent drain-related infection
remain to be common concerns for these types of long-term
drains inserted into the peritoneal cavity as in patients with
other types of long-term indwelling catheters, for example,
Tenckhoff catheters (26), central venous access (27-29)
and urinary catheters (30). Colonization of these catheters
can lead to resistance to antibiotic treatment because of
the formation of bacterial biofilm (31-33). Majority of the
previous studies regarding indwelling abdominal drains
for ascites focused on technical safety, procedures and
feasibility, while some focused on the efficacy of ascites
drainage, patient-reported outcomes and quality of life (3).
Data concerning bacterial colonization and the subsequent
infection outcomes have been very limited. Majority of
the previous studies did not mention about performing
surveillance ascitic fluid culture (5-7,9,11-15,17-25),
therefore the patterns of bacterial colonization in this
particular group of patients is still largely unknown. The
significance of bacterial colonization in terms of subsequent
progression into overt drain-related infection is also yet to
be addressed by the currently available literatures.
In this study, the patterns of bacterial colonization and
the subsequent infection outcomes of advanced cancer
patients on indwelling abdominal drains for intermittent
drainage of ascites were investigated. Factors that would
be potentially correlating with the development of drainrelated infection from bacterial colonization were also
analyzed.
Methods
The ascites clinic
The ascites clinic of the Department of Clinical Oncology,
Tuen Mun Hospital (“ascites clinic”) has been established
to provide out-patient intermittent drainage for advanced
cancer patients who have refractory ascites. These
patients are either having CVCs inserted by the Clinical
Oncologists or pigtail drains inserted by the Interventional
Radiologists or Surgeons during prior admissions for
symptomatic ascites. The patients are subsequently referred
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to the ascites clinic with the abdominal drains in-situ to
continue intermittent drainage as out-patients. The ascites
clinic is a nurse-led clinic in which clinical assessment and
drainage are performed by palliative care nurses according
to departmental guidelines. Prior to each episode of
drainage, physical parameters including body weight and
vital signs will be assessed. Performance status will be
evaluated using the Palliative Performance Scale (PPS) (34).
Physical symptoms will be assessed in each session using the
Edmonton Symptom Assessment System (ESAS) (35,36),
with an 11-point Likert scale for abdominal distention
fitting into the last assessment item–“other problems” of
the ESAS. Inspection of the drain insertion site for signs
of infection will be performed prior to each episode of
drainage. All drainage procedures are done under aseptic
technique with the abdominal drain connected to a bedside
bag for free drainage by gravity, while the patient is lying in
a supine position. After each drainage, a new sterile spigot
will be applied to the abdominal drain and dressing of the
drain site will be performed. Education will be provided
by nurses to patients and carers on proper care of the drain
and monitoring of signs of infection. Home-care nursing
support is available for patients with difficulties in selfcare of the drains. Patients and relatives will also be given
instructions for not having self-drainage at home to avoid
inappropriate drainage procedures causing undesirable
complications. Ascitic fluid specimens for cell count, Gram
stain and bacterial culture will be collected routinely every
week whenever possible during ascites clinic follow-up
as surveillance. Patients with positive ascitic fluid culture
results will be assessed by the duty Clinical Oncologist in
the ascites clinic and conservative approach will be adopted
if there are no clinical features of infection. All the clinical
information obtained during each ascites clinic visit will be
documented in a standardized clinical assessment form as
a routine clinical practice. Majority of the patients under
the service of the ascites clinic will have assessment and
drainage performed by nurses once to twice every week
depending on the clinical need of ascites drainage and at
the same time having routine clinic assessment by the duty
Clinical Oncologist at least once every 4 weeks.
Study design and patients
This study was a retrospective cohort study. All consecutive
advanced cancer patients with newly inserted indwelling
abdominal drains and who were under the service of the
ascites clinic of our institution for intermittent drainage
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between January 2011 and March 2018 were screened for
study eligibility. Patients with positive surveillance ascitic
fluid culture without immediate drain-related infection were
included in the final analysis. Patients who had temporary
insertion of abdominal drain for short-term drainage
during a single admission episode were not included. Those
patients who did not have any proper clinical assessment
completed and those without any attempts of drainage in
the ascites clinic were also excluded.
Data collection
All data were collected from the date of indwelling
abdominal drain insertion till the date of end-point or
censoring. Clinical information was prospectively collected
using the standardized clinical assessment forms as part
of the routine clinical practice of the ascites clinic. These
clinical assessment forms and other medical records of
the patients were retrospectively reviewed. Patients’
demographic data and information regarding the cancer
diagnosis and co-morbidities were collected. Clinical
information including performance status, physical
parameters and symptoms, drain condition and details of
each drainage episode were also retrieved. All ascitic fluid
cell count, Gram stain and culture, drain-site wound swab
culture and blood culture results that were available during
the study period were extracted from the electronic medical
records. Infection outcomes and survival outcomes were
also obtained.
Bacterial colonization, infection outcomes and end-points
Bacterial colonization of the abdominal drain was defined
as having positive surveillance ascitic fluid bacterial culture
in the absence of any clinical features of infection. Drainsite cellulitis and drain-related peritonitis were both
included as infection outcomes. Drain-site cellulitis was
defined as the presence of drain-site inflammation, pain
and discharge. Drain-related peritonitis was defined as the
condition presenting with clinical features of sepsis together
with abdominal symptoms and signs or positive ascitic
fluid culture that could be accountable for the sepsis. Fever
or sepsis without other demonstrable foci and infected
ascitic fluid on inspection, which was defined as turbid
or malodorous fluid, were also considered as infection
outcomes. Patients without any of these clinical features
but were initiated on antibiotics, with or without drain
removal, based on positive ascitic fluid culture results were

Ann Palliat Med 2019 | http://dx.doi.org/10.21037/apm.2019.09.15

4

Chan et al. Bacterial colonization and infection in indwelling abdominal drains for malignant ascites

also included as having drain-related infection and were
categorized as physician-diagnosed drain-related infection.
The infection end-point was defined as the date of diagnosis
of drain-related infection while patients without infection
outcomes were censored at the date of death or last
follow-up or the date of premature removal of indwelling
abdominal drain. Premature removal of indwelling
abdominal drain was defined as removal of drain due to
conditions other than infection and without re-insertion
within 2 weeks. Infection-free survival was calculated from
the date of first documented positive ascitic fluid culture till
the date of infection outcomes.
Statistical analysis
Descriptive analysis was performed with categorical data
presented as counts and percentages. Continuous data were
described using median, minimum and maximum values.
Time-to-event data were described using the KaplanMeier method. Categorical variables were compared by the
Pearson chi-square test, or the Fisher’s exact test when the
expected value in any of the cells in the contingency table
was below 5, while continuous variables were compared
by the independent samples T test and Mann Whitney U
test. Two-sided P values of less than 0.05 were considered
as statistically significant. Multivariate analysis using binary
logistic regression was applied to test the independent
significance of different covariates. All variables trending
towards significance in univariate analyses (P<0.10) were
included in the multivariate analysis and were entered
in a forward stepwise approach. Statistical analysis was
performed using the International Business Machines (IBM)
Statistical Package for the Social Sciences (SPSS®) Software
version 22 (IBM Corporation, Armonk, NY, USA).
Results
One hundred and forty three advanced cancer patients with
indwelling abdominal drains were under the service of the
ascites clinic between January 2011 and March 2018. A total
of 69 patients (48.3%) developed bacterial colonization
without immediate infection. All of them were eligible for
the study and included in the final analysis.
Demographic characteristics
The median age at indwelling abdominal drain insertion
was 63.3 years (range, 35.5–93.2 years). The male to female
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ratio was 1.16:1. The most common cancer diagnosis was
hepatocellular carcinoma (HCC), comprising 30.4% of the
population. Majority of patients (76.8%) had metastatic
disease and 68.1% had documented peritoneal metastases.
Cirrhosis was a common co-morbid condition and was
present in 27.5% of the study population (Table 1).
Ascites drainage
CVC was the most common type of indwelling abdominal
drain (75.4%) inserted initially, while 17 patients (24.6%)
had pigtail drains. Seven patients (10.1%) had their drains
changed prior to development of bacterial colonization,
with 76.8% having CVCs and 23.2% having pigtail drains
as the last type of indwelling abdominal drain in-situ before
first documentation of positive ascitic fluid culture. The
details of intermittent drainage performed in the ascites
clinic prior to bacterial colonization were outlined in Table 2.
Baseline physical condition
Upon the first attendance in the ascites clinic, the cohort of
patients were having a median PPS level of 60% (range, 40–
80%). The median Charlson Comorbidity Index (CCI) (37)
was 6 (range, 2–11) and the median post-drainage ESAS was
14/100 (range, 0–41). None of these patients were having
concurrent chemotherapy during the ascites clinic followup and the median duration free from chemotherapy was
3.0 months (range, 0.5–58.2 months) at the time of
indwelling abdominal drain insertion. One patient with
HCC was having Sorafenib during the period when he was
under the service of the ascites clinic.
Colonization
The median duration from drain insertion to the
development of bacterial colonization was 18.0 days (range,
5–159 days). With regard to the first positive surveillance
ascitic fluid culture, 79.7% (55 patients) had one type of
bacteria isolated from the ascitic fluid, 8.7% had two and
11.6% had three or more. Thirteen percent (9 patients) had
their ascitic fluid specimens being positive for Gram stain.
Twenty patients (29.0%) had at least one type of bacteria
showing heavy growth. The most predominant type of
bacteria isolated was Staphylococci—other than Methicillinresistant Staphylococcus aureus (MRSA), which was present
in 43.5% of the first positive ascitic fluid specimens. The
second most common type being Enterococci—other than
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Table 1 Demographic characteristics
Characteristics

Entire cohort (n=69)

Table 2 Intermittent drainage in the ascites clinic prior to
development of bacterial colonization
Details of drainage

Gender
Male

37 (53.6)

Female

32 (46.4)

Age at cancer diagnosis (years)

60.5 (32.1–92.6)

Age at indwelling abdominal drain insertion
(years)

63.3 (35.5–93.2)

Total episodes of drainage

2 (0.0–35.0)

Average drainage frequency (times per
week)

1.3 (0.0–2.8)

Average volume of ascites drained in each
session (mL)

1,756 (0.0–3,625.0)

Cumulative volume of ascites drained (mL) 4,000 (0.0–121,000)

Cancer diagnosis

Fluid characteristics

Hepatocellular

21 (30.4)

Pancreaticobiliary

13 (18.8)

Lower gastrointestinal

11 (15.9)

Gynecological

6 (8.7)

Upper gastrointestinal

6 (8.7)

Sarcoma

3 (4.3)

Unknown primary

3 (4.3)

Head and neck

2 (2.9)

Lung

2 (2.9)

Breast

1 (1.4)

Urinary tract

1 (1.4)

Peritoneal metastasis
Yes

47 (68.1)

No

22 (31.9)

Cirrhosis
Yes

19 (27.5)

No

50 (72.5)

Data are n (%) or median (range).

Vancomycin-resistant Enterococci (VRE), which was present
in 17.4% of the specimens and Diphtheroid bacilli ranked
third (14.5%) (Table 3).
Summarizing all the surveillance ascitic fluid culture
results, 21 patients (30.4%) had one positive ascitic fluid
culture documented since the insertion of indwelling
abdominal drain and before the infection end-point, 15
patients (21.7%) had two and 33 (47.8%) had three or more
positive ascitic fluid culture prior to the infection end-point.
The highest number of types of bacteria that were isolated
from a single ascitic fluid specimen was 5 and it occurred
in 1 patient (1.4%). Twenty two patients (31.9%) have ever
had at least one positive Gram stain result and 34 patients
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Entire cohort (n=69)

Serous

51 (73.9)

Bloody

8 (11.6)

Chylous

5 (7.2)

Cloudy

3 (4.3)

Unknown

2 (2.9)

Data are n (%) or median (range).

(49.3%) have ever had at least one specimen showing
heavy growth of bacteria. Staphylococci–other than MRSA
remained the most common type of bacteria and it was
present in at least one of the surveillance specimens in
53.6% of patients. Diphtheroid bacilli and Enterococci–
other than VRE ranked second and third and were present
in at least one ascitic fluid specimen in 36.2% and 31.9%
of patients respectively. Table 4 shows the details of the
bacterial colonization patterns.
Infection outcomes
Thirty patients (43.5%) developed drain-related infection
subsequently and the median time from first documentation
of bacterial colonization to development of infection was
14.5 days (range, 3–117 days). The incidence rate of drainrelated infection after development of bacterial colonization
was 1.78 per 100-catheter days. The median infection-free
survival was 45 days with a 95% confidence interval (95%
CI) of 17.3–72.7, while the 1-month infection-free survival
was 54.4%.
Among the 30 patients who developed drain-related
infection, 5 (16.7%) developed peritonitis, corresponding
to 7.2% of the entire study population (Table 5). MRSA was
isolated from the ascitic fluid specimens in 3 patients during
the peritonitis episode and Staphylococcus aureus was
isolated in 2 patients. Six patients (20.0%) developed drain-
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Table 3 First positive surveillance ascitic fluid culture results

Table 4 Summary of the bacterial colonization patterns

Details of ascitic culture results

Colonization patterns

Entire cohort (n=69)

Entire cohort (n=69)

At least one positive gram stain result

Gram stain
Organism seen

9 (13.0)

Yes

22 (31.9)

No organism seen

60 (87.0)

No

47 (68.1)

Highest no. of types of bacteria isolated in
a single specimen

No. of types of bacteria isolated
One

55 (79.7)

One

31 (44.9)

Two

6 (8.7)

Two

16 (23.2)

Three

6 (8.7)

Three

16 (23.2)

Four

1 (1.4)

Four

5 (7.2)

Five

1 (1.4)

Five

1 (1.4)

Heavy growth of bacteria
Yes

20 (29.0)

No

49 (71.0)

Types of bacteria isolated
Staphylococci—other than MRSA

30 (43.5)

At least one specimen with heavy growth of
bacteria
Yes

34 (49.3)

No

35 (50.7)

Types of bacteria that were ever present in
at least one surveillance specimen

Coagulase negative staphylococcus

21 (30.4)

Staphylococcus aureus

9 (13.0)

Coagulase negative staphylococcus

26 (37.7)

Enterococci—other than VRE

12 (17.4)

Staphylococcus aureus

18 (26.1)

Diphtheroid

10 (14.5)

Acinetobacter—other than MRA

8 (11.6)

MRSA

6 (8.7)

Bacillus

5 (7.2)

Pseudomonas

4 (5.8)

Enterobacteriaceae

4 (5.8)

Escherichia coli

3 (4.3)

Klebsiella

1 (1.4)

Staphylococci—other than MRSA

37 (53.6)

Diphtheroid

25 (36.2)

Enterococci—other than VRE

22 (31.9)

Acinetobacter—other than MRA

18 (26.1)

Bacillus

9 (13.0)

Enterobacteriaceae

9 (13.0)

Escherichia coli

7 (10.1)

Klebsiella

2 (2.9)

MRSA

8 (11.6)

Pseudomonas

6 (8.7)

Stenotrophomonas maltophilia

3 (4.3)

Stenotrophomonas maltophilia

6 (8.7)

Enterobacter species

2 (2.9)

Streptococci

5 (7.2)

Proteus mirabilis

2 (2.9)

Proteus mirabilis

4 (5.8)

Streptococci

2 (2.9)

Enterobacter species

3 (4.3)

Bacteroides

1 (1.4)

Clostridium

2 (2.9)

Clostridium

1 (1.4)

Morganella morganii

2 (2.9)

1 (1.4)

Bacteroides

1 (1.4)

Propionibacterium

1 (1.4)

Others

5 (7.2)

Propionibacterium

Data are n (%). MRA, multi-resistant Acinetobacter; MRSA,
Methicillin-resistant Staphylococcus aureus; VRE, Vancomycinresistant Enterococci.
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Data are n (%). MRA, multi-resistant Acinetobacter; MRSA,
methicillin-resistant Staphylococcus aureus; VRE, Vancomycinresistant Enterococci.
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Table 5 Infection outcomes
Category of infection

Infection cohort (n=30)

Entire cohort (n=69)

Peritonitis

5 (16.7)

5 (7.2)

Cellulitis

6 (20.0)

6 (8.7)

Isolated cellulitis

3 (10.0)

3 (4.3)

Concurrent with other infection

3 (10.0)

3 (4.3)

Infected ascitic fluid on inspection

8 (26.7)

8 (11.6)

Fever/sepsis without other demonstrable foci

3 (10.0)

3 (4.3)

Physician-diagnosed drain-related infection

11 (36.7)

11 (15.9)

Data are n (%).

Table 6 Ascitic fluid culture results during infection episodes
(excluding isolated cellulitis)
Bacteria isolated from ascitic fluid
culture

Infection cohort with
positive ascitic fluid
culture (n=24)

Enterococci—other than VRE

11 (45.8)

Staphylococci—other than MRSA

11 (45.8)

Coagulase negative staphylococcus

4 (16.7)

Staphylococcus aureus

7 (29.2)

MRSA

4 (16.7)

Acinetobacter—other than MRA

3 (12.5)

Bacillus

2 (8.3)

Diphtheroid

2 (8.3)

Stenotrophomonas maltophilia

2 (8.3)

Proteus mirabilis

1 (4.2)

Morganella morganii

1 (4.2)

Data are n (%). MRA, multi-resistant Acinetobacter; MRSA,
Methicillin-resistant Staphylococcus aureus; VRE, Vancomycinresistant Enterococci.

site cellulitis and 3 of them occurred concurrently with
other infection conditions, of which 2 were infected ascitic
fluid on inspection and the remaining one was peritonitis
(Table 5). Eight patients (26.7%) were noted to have
infected ascitic fluid on inspection (Table 5), which were
characterized by either turbidity or malodor of the ascitic
fluid without clinical features of peritonitis. Fever or sepsis
without other demonstrable foci occurred in 3 patients
(10.0%) while having the indwelling abdominal drains insitu (Table 5). Eleven patients (36.7%) were considered as
having physician-diagnosed drain-related infection (Table 5).
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Seven of them were prescribed with intravenous broadspectrum antibiotics and 4 of them were initiated on oral
antibiotics. Four patients (13.3%) died of drain-related
infection and all of them were having peritonitis. There was
no mortality in other categories of drain-related infection.
Excluding the 3 patients with isolated drain-site
cellulitis, 24 out of the remaining 27 patients had ascitic
fluid culture results available during the infection episodes.
Enterococci—other than VRE and Staphylococci—other
than MRSA were the two predominant types of bacteria
isolated from the ascitic fluid, both of which were present
in 45.8% of patients. Staphylococcus aureus was more
common than Coagulase negative staphylococcus within
the Staphylococci group. Majority (54.2%) of these ascitic
fluid specimens had overlapping types of bacteria with those
isolated in the first positive surveillance ascitic fluid culture.
Almost all (95.8%) of these ascitic fluid specimens obtained
during the infection episodes yielded types of bacteria that
were ever present in at least one of the previous surveillance
ascitic fluid culture. Table 6 shows the details of the ascitic
fluid culture results during the infection episodes.
Factors correlating with drain-related infection
In univariate analyses, a decrease in body mass index (BMI)
(P=0.03) and having 3 or more episodes of drainage in the
ascites clinic before documentation of bacterial colonization
(P=0.03) were statistically significant factors correlating
with development of drain-related infection. While weight
loss (P=0.08), HCC as the cancer diagnosis (P=0.06) and
duration on abdominal drain more than 20 days before
first positive surveillance ascitic fluid culture (P=0.1) were
factors showing trends towards statistical significance. With
regard to the demographic characteristics and baseline

Ann Palliat Med 2019 | http://dx.doi.org/10.21037/apm.2019.09.15

Chan et al. Bacterial colonization and infection in indwelling abdominal drains for malignant ascites

8

Table 7 Multivariate analysis of factors correlating with infection outcomes
Variables
Hepatocellular carcinoma
Decrease in body weight (kg)

Infection (n=30)

No infection (n=39)

Odds ratio

95% CI

P value

13 (43.3%)

8 (20.5%)

8.85

1.86–42.07

0.006

4.8 (0.0–14.0)

3.3 (0.0–14.6)

1.20

1.02–1.42

0.03

Data are n (%) or median (range). 95% CI, 95% confidence interval.

physical conditions, gender (P=0.47), age (P=0.62), baseline
CCI (P=0.49), baseline PPS (P=0.84), baseline ESAS and
cirrhosis as co-morbidity (P=0.42) were not found to be
correlating with infection outcomes. The type of indwelling
abdominal drain inserted was not correlating with drainrelated infection neither (P=1.00). Changing to a new
indwelling abdominal drain after documentation of bacterial
colonization did not appear to alter the infection outcomes
[odds ratio (OR) 0.97, P=0.65]. However only 7 patients
(10.1%) had their drain changed after documentation of
bacterial colonization.
Regarding the surveillance ascitic fluid culture results,
presence of Escherichia coli (P=0.04) and Bacillus species
(P=0.04) in any of the surveillance ascitic fluid culture were
significantly correlating with infection outcomes. The
presence of Staphylococci—other than MRSA in any of
the surveillance ascitic fluid culture has also shown a trend
towards statistical significance (P=0.09). However, Gram
stain positive results (P=0.12), heavy growth of bacteria
(P=0.34), having 3 or more types of bacteria in a single
ascitic fluid culture specimen (P=0.12) and the ascitic fluid
white blood cell count (P=0.35) were not significantly
correlating with drain-related infection.
In multivariate analysis, HCC as cancer diagnosis (OR
8.85, 95% CI: 1.86–42.07, P=0.006) and decrease in body
weight (OR 1.20, 95% CI: 1.02–1.42, P=0.03) remained
significant factors that positively correlating with infection
outcomes. Table 7 shows the results of multivariate analysis.
Discussion
There have been limited data in previous literatures
regarding the patterns of bacterial colonization and the
subsequent infection outcomes in patients on indwelling
abdominal drains for intermittent drainage of malignant
ascites. Belfort et al. (10) investigated the use of implantable
silastic drain in 17 patients, 8 of them (47.1%) had culturepositive peritoneal fluid but there was only one case of
peritonitis reported. Four patients (21.1%) had surveillance
ascitic fluid culture performed in the series reported by
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Fleming et al. (16) and none of these specimens were
positive for bacterial growth. In our study, 143 patients
were under the service of the ascites clinic during the
study period and up to half of the cohort had documented
bacterial colonization without immediate infection.
Bacterial colonization in patients with indwelling abdominal
drains appears to be an alarmingly common condition based
on the current data. The median time from indwelling
drain insertion to development of bacterial colonization was
18.0 days only, which was much shorter than the reported
median survival of patients with malignant ascites (1,38).
This implies that bacterial colonization remains an issue
that would still affect many of the patients on indwelling
abdominal drains for malignant ascites even though they are
usually having limited life expectancy.
Similar to the conditions in other types of indwelling
catheters (26,28,31), Staphylococci was the most common
type of bacteria causing abdominal drain colonization in
our cohort. Diphtheroid bacilli and Enterococci were
the other two most common types of bacteria isolated in
the surveillance ascitic fluid culture. Staphylococci and
Diphtheroids are common commensals of the skin and
mucosa, while Enterococci is a common pathogen for
nosocomial infection. Colonization by these organisms
would not be unexpected in patients with percutaneously
inserted catheters who have frequent hospital visits for
intermittent drainage of ascites. The underlying mechanisms
of developing colonization may be similar to the situation
in Tenckhoff catheters as proposed by Read et al. (26).
Bacterial growth at the skin causes formation of biofilms
that adhere to the catheter and tissue surface. Subsequent
contiguous spread along the outside of the catheter surface,
through the cutaneous exit site into the peritoneal cavity
results in contamination of the peritoneal fluid. Bacteria
can also spread into the peritoneum transluminally during
ascites drainage if the aseptic technique is breached.
Th e fact th at mor e th an 40% of patien t s w i t h
colonization progressed into subsequent drain-related
infection in the current study has illustrated this condition
to be a clinically significant problem. The median time
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from colonization to development of infection was only
14.5 days and nearly half of the patients with colonization
would progress into drain-related infection within
1 month. Of note, only 5 patients (7.2%) in the entire
colonization cohort developed overt peritonitis. However,
4 out of these 5 patients died of the infection episode,
which implied an 80.0% case-fatality rate in patients who
had drain-related peritonitis. Staphylococci remained
the most common type of bacteria isolated during the
infection episodes. All except one patient had overlapping
types of bacteria isolated from the peritoneal fluid during
infection when compared with the surveillance ascitic fluid
specimens during colonization.
None of the demographic characteristics nor the baseline
physical condition were demonstrated to have correlation
with subsequent infection. A decrease in BMI was found
to be a significant factor in univariate analysis yet the
correlation was not demonstrated in multivariate analysis.
Similarly, having 3 or more drainage episodes in the ascites
clinic before development of colonization appeared to be a
significant factor in univariate analysis but not in subsequent
multivariate analysis. Positive Gram stain results, heavy
growth of bacteria or high white blood cell count in the
surveillance ascitic fluid specimens did not help to predict
subsequent infection neither. Presence of Escherichia coli
and Bacillus species were significantly correlating with
infection outcomes in the univariate analyses. However,
none of the bacterial types that were ever present in the
surveillance ascitic fluid culture could predict progression
from colonization to infection. These negative results could
possibly be due to the underpower of the study given the
limited population size.
Decrease in body weight and having HCC as cancer
diagnosis were the only two factors that significantly
correlated with subsequent drain-related infection in
multivariate analysis. Decrease in body weight may probably
be just a surrogate marker for deterioration in physical
condition and nutritional status in patients with advanced
malignancy, which as a result could lead to the impairment
of the immunity and the susceptibility to infection. HCC
seldom progresses with peritoneal carcinomatosis and the
ascites in patients with HCC is mainly caused by portal
hypertension resulting from extensive liver involvement,
porto-venous compression and concomitant cirrhosis (39),
while malignant ascites in patients with peritoneal metastasis
is largely related to increased vascular permeability and
obstruction of lymphatic drainage, resulting in an imbalance
between the production and resorption of plasma exudate
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in the peritoneal cavity (2,39). Ascites in HCC patients
appears to resemble the condition in patients with other
benign chronic liver diseases. Given the differences in
aetiologies of ascites between patients with HCC and
peritoneal metastasis, it is plausible that the unique microenvironment inside the peritoneum and ascitic fluid in each
condition could result in a different risk of drain-related
infection. In one of the largest studies using indwelling
tunnelled peritoneal drainage catheter for management of
ascites in patients with end-stage liver disease by Solbach
et al., bacterial peritonitis was reported to occur in 8.3%
of patients (40). The reported risk of peritonitis appears
to be slightly higher than that reported in the largest
malignancy-associated counter-part by Wong et al. (24), in
which the risk of peritonitis was 2.5%. It may be postulated
that the risk of drain-related infection is slightly higher
in patients with ascites of the chronic liver disease type.
However previous literatures did not provide data on direct
comparison of the risks regarding drain-related infection
between ascites of different disease types.
Studies have been conducted to investigate various
methods in reducing catheter colonization. A Cochrane
review in 2005 (27) has assessed the effectiveness
of antimicrobial impregnation in reducing catheter
colonization and catheter-related infection in patients with
central venous catheterization. It concluded that catheters
with antimicrobial modifications significantly reduced
catheter colonization. Antibiotic lock therapy has also been
investigated by Zanwar et al. as treatment of colonization to
salvage the catheters in patients with CVCs (28). Clearance
of the colonization was achieved in 91.0% of patients.
Whether these methods are applicable to the situation of
indwelling abdominal drains should be further explored
by future studies. Yasuda et al. compared the efficacy of
different antiseptic solutions in preventing intravascular
catheter colonization (29). 0.5% and 1.0% alcohol/
chlorhexidine gluconate were found to be superior than
10% povidone iodine. 70% ethyl alcohol and 10% povidone
iodine are the two antiseptic solutions that would be used
prior to drain insertion in our standard practice. Whether
changing to a different antiseptic solution would result in
less colonization of the abdominal drains remains a question
to be addressed by future studies. Changing to a new
abdominal drain after bacterial colonization did not appear
to alter the infection outcomes as demonstrated in our
study. However, one should be cautious that only a small
number of patients (10.1%) had their drain changed after
bacterial colonization in the current study, thus limiting the
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conclusion that can be deduced from the present data.
There are several limitations in our study. Culture of
the catheters tips was not performed in the present study.
Ascitic fluid culture results may not always be concordant
with the colonization inside the catheters. A previous study
investigating bacterial colonization of urethral catheters
did demonstrate discrepancies between the urine culture
and the catheter culture (30). Without removal of drains
for culture of the catheters tips, genuine patterns of
colonization may not be revealed. Nevertheless, liberal
removal of indwelling abdominal drains upon colonization
would be undesirable, as this may subject the frail cancer
patients to repeated invasive procedures. More equivocal
clinical conditions such as infected ascitic fluid on inspection
and physician-diagnosed drain-related infection were also
included as infection outcomes. The proportion of patients
progressing from colonization to drain-related infection
may be over-reported. In real-world clinical practice, it
may be difficult to differentiate pure colonization from
subtle infection. Reporting of these entities may actually
represent a more thorough capturing of the spectrum of
drain-related infection. Although this is a retrospective
study, clinical information was collected prospectively using
the standardized clinical assessment forms. Patients were
followed up with a relatively regular and frequent schedule
in the ascites clinic. Limitations from a retrospective study
design should be partly overcome.
Conclusions
In conclusion, bacterial colonization is a significant clinical
condition in patients on indwelling abdominal drains for
malignant ascites. Subsequent progression into drainrelated infection occurs in more than 40.0% of patients.
Staphylococci is the most common type of bacteria causing
both colonization and subsequent drain-related infection.
HCC and decrease in body weight are significant factors
that correlate with infection after bacterial colonization.
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