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Introduction: Peritoneal dialysis (PD)-associated peritonitis due to tuberculosis (TB) is associated with poor
outcomes and optimal treatment strategies for this condition remain unknown. Our study aimed to: (i)
systematically review the published literature on peritonitis caused by Mycobacterium tuberculosis in pa-
tients on PD and (ii) review cases of peritonitis due to M tuberculosis in patients on PD reported in Australia
and New Zealand to determine the epidemiology, management strategies, and outcomes of this condition.

Methods: A literature search of Medline, Scopus, Embase, ClinicalTrials.gov, Cochrane CENTRAL Register
of Controlled Trials and Google Scholar for articles published from inception date to June 2022 was
conducted. To be eligible, articles had to describe patient characteristics, initial anti-TB therapy, and
treatment outcomes in all patients on PD with peritonitis caused by M tuberculosis. Data from the Australia
and New Zealand Dialysis and Transplant (ANZDATA) Registry of patients on PD who developed perito-
nitis due to M tuberculosis between September 2001 and December 2020 were included and analyzed.

Results: The systematic literature review identified 70 case studies (151 patients) and 8 cohort studies (97
patients), whereas the ANZDATA Registry identified 17 cases of peritonitis due to M tuberculosis. Overall,
in patients diagnosed with peritonitis due to M tuberculosis, the rates of PD catheter removal and per-
manent transfer to hemodialysis (HD) were numerically higher in the ANZDATA Registry cases (82%) than
in the case studies (23%) and cohort studies (20%). Observed all-cause mortality rates were also higher as
observed in the case studies (33%) and cohort studies (26%) than in the ANZDATA Registry cases (6%).

Conclusion: Tuberculous peritonitis is uncommon in patients on PD and is associated with poor outcomes.
Prospective studies are warranted to study the effect of retaining PD catheters after M tuberculosis
infection on patient outcomes.
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P eritonitis is a serious complication in patients permanent transition to HD and high mortality rates.’
receiving PD. M tuberculosis is an uncommon cause Compared to the general population, the risk of TB in
of peritonitis,' which has been associated with the patients with kidney failure was reported to be 100-fold

higher.” This is likely due to the impaired cellular im-
munity in kidney failure” and a compromised immune
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associated tuberculous peritonitis. Whereas the recent
International Society for Peritoneal Dialysis (ISPD)
peritonitis guidelines make a level 2C recommendation
suggesting that anti-TB therapy without PD catheter
removal,® several reports have shown conflicting re-
sults.”"! Furthermore, the current recommendations for
treating tuberculous peritonitis are extrapolated from
the guidelines for treating pulmonary and other
extrapulmonary TB,12 which is further limited by
expert opinion and case reports.”'” Therefore, given the
variation in anti-TB regimens and outcomes in patients
on PD, it is imperative to identify optimal management
strategies to improve the survival rates and prolong the
length of time on PD. Therefore, the objectives of this
study were to: (i) systematically review the published
literature on peritonitis caused by M tuberculosis in
patients on PD and (ii) review cases of peritonitis due to
M tuberculosis in patients on PD reported in Australia
and New Zealand to determine the epidemiology, man-
agement strategies, and outcomes of this condition.

METHODS

We conducted our study in 2 parts: (i) literature review
and (i) ANZDATA Registry analysis.

Literature Review

Search Methodology

We conducted a systematic review of the litera-
ture following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.'" All
publications and conference papers published
from date of inception to June 2022 were identi-
fied from Medline, Scopus, Embase, ClinicalTrials.
gov, Cochrane CENTRAL Register of Controlled
Trials and Google Scholar (Supplementary
Tables S1-S3). The following search terms were
used: “Mycobacterium tubercul® OR tubercul* OR
tuberculous, “peritonitis”, and “peritoneal dial-
ysis” (Supplementary Figures S1 and S2). This
protocol was registered in PROSPERO (registration
number CRD42022348318).

Inclusion and Exclusion Criteria and Study Selection
To be eligible, articles had to describe patient char-
acteristics, initial anti-TB therapy, and treatment
outcomes in all patients on PD with peritonitis caused
by M tuberculosis. In Table 1, we summarize the
variables extracted from the included articles. Articles
describing M tuberculosis not causing PD-associated
peritonitis, tuberculous peritonitis in patients not on
PD, conference abstracts on tuberculous peritonitis in
which numbers did not tally correctly, and those that
only described adverse effects from anti-TB therapy
were excluded.
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Table 1. Variables extracted from the articles on tuberculous
peritonitis in Supplementary Tables S1 and S2

The following data were extracted for the included articles:

Author and year of publication

Country of the publicafion

Age and sex

PD modality

Primary kidney disease

Time (in months) from PD commencement to diagnosis of tuberculous peritonitis
Additional risk factors® for tuberculous peritonitis

Name of inifial antibiotic regimen

© ® N o o & w N =

Name of antituberculosis regimen
10. Was the PD catheter removed? (Yes/No)

. Time (in days) of PD catheter removal from the onset of symptoms
12. Time (in weeks) antituberculosis therapy was started from the onset of symptoms

13. Presence of concomifant® or within 4 weeks of previous nontuberculous PD-
associated perifonitis

14. Duration (in months) of antituberculosis treatment

15. Short-term outcome (Alive/Died/Permanent transfer to HD/Returned fo PD/Remained
on PD/Simultaneous removal and replacement of PD catheter)

16. Reason of death (if any)

HD, hemodialysis; PD, peritoneal dialysis.

®Racial origin from endemic countries or high TB incidence (upper-moderate) was
defined as >100-299 or > 50-99 new and relapse cases per 100,000 population.'®
®Concomitant or within 4 weeks of previous peritonitis was defined as the presence of
other organisms in the PD effluent identified on the same day that M tuberculosis was
identified or peritonitis episode 30 days before the current tuberculous peritonitis.

The outcomes were PD-catheter removal, death
related to tuberculous peritonitis, and the dialysis
modality during the course of anti-TB treatment. PD-
catheter removal was defined as the removal of the
PD-catheter during the peritonitis episode within 30
days of diagnosis of tuberculous peritonitis. Permanent
transfer to HD was defined as transfer to HD for more
than 30 days. Death related to tuberculous peritonitis
was defined as death reported within 30 days of onset
and/or diagnosis of tuberculous peritonitis, whichever
was earlier, or death due to tuberculous peritonitis as
reported by the authors on the case studies and retro-
spective cohort studies.

Data Extraction

Two independent reviewers (CWL and RLC) screened
the abstracts of all articles and then reviewed the short-
listed full-text articles of the published articles for
eligibility and relevance. Any disagreement was
resolved by discussion with the team.

ANZDATA Registry Analysis

A retrospective analysis of data obtained from the
ANZDATA Registry was conducted in all patients on
PD who developed peritonitis between September 2001
and December 2020. Peritonitis episodes due to M
tuberculosis were reviewed. The data collection and
management details are available on the ANZDATA
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website.'® This study was approved by the Western
Sydney Local Health District (2019/ETH10518).

Data Collection

The data collected included patient demographics,
comorbidities (chronic lung disease, coronary artery
disease, peripheral vascular disease, cerebrovascular
disease, diabetes mellitus), body mass index sub-
categorized according to the World Health Organiza-
tion classification, primary cause of kidney disease, PD
start date, date of peritonitis, concomitant or within 4
weeks of previous peritonitis (defined as the presence
of other organisms in the PD effluent identified on the
same day that M tuberculosis was identified or perito-
nitis episode 30 days before the current tuberculous
peritonitis), PD modality at the time of infection,
number of peritonitis episodes (and causative organ-
isms) during the study period, country and state of the
PD unit, empirical antibiotic regimen, anti-TB regimen,
PD catheter removal, duration from diagnosis of
tuberculous peritonitis to catheter removal, and out-
comes following tuberculous peritonitis
(Supplementary Table S4).

The outcomes measured were PD-catheter removal,
dialysis modality while receiving anti-TB drugs, and
death related to tuberculous peritonitis. PD catheter
removal was defined as the removal of the catheter
within 30 days of diagnosis of tuberculous peritonitis.
Death related to tuberculous peritonitis was defined as
death as reported in the ANZDATA to be due to
tuberculous peritonitis or within 30 days of onset of
symptoms and/or diagnosis of tuberculous peritonitis.
The results were presented using descriptive analysis.

RESULTS

Literature Review

A total of 1470 articles were identified, and 1060 ab-
stracts were screened for relevance after duplicates
were removed. From these 272 full-text articles were
assessed for eligibility. A further 194 studies were
excluded, and 78 articles were included in the final
study. Of the included studies, 70 articles were case
studies and 8 were cohort studies (Figure 1). A total of
151 patients were identified in the case studies and 97
patients in the cohort studies of the literature review
(Supplementary Tables S1, S2, and S3). The median
(interquartile range [IQR]) time from PD commence-
ment to tuberculous peritonitis in the case studies and
aggregated mean duration reported in the cohort
studies were 12 (6—27) and 17 months, respectively. In
Table 2, we summarize the patient characteristics
identified in the case studies of the literature review. In
Table 3, we summarize the additional risk factors for
tuberculous peritonitis in patients on PD identified in
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g Embase (n=104) Guidelines and review papers (n=31)
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= Cochrane CENTRAL
Register of Controlled
L Trials (n=60)
Google scholar (n=989)
Records excluded after examining the titles
Records screened — and abstracts (n=783) ¢
(n=1060)
l Reports not retrieved (n=5)
Unsuccessful request for document
. Reports sought for retrieval > delivery (n=2)
E (n=277) Unable to access (n=2)
Journals no longer exists (n=1)
: |
&
Reports assessed for Reports excluded (n=194)
eligibility (n=272) Diagnosis on PD-associated peritonitis
caused by non M.tuberculosis spp. (n=59)
Tuberculous peritonitis in patients not on
PD (n=59)
— Articles reporting peritonitis inclusive of
other organisms and not specific to M.
M) tuberculosis (n=48)
E Articles that described adverse effects
% Total included articles (n=78) from antituberculosis regimen for the
= Case studies treatment of tuberculous peritonitis only
U | m=70) (n=14)
Cohort studies M. tuberculosis in patients on PD but not
(n=8) tuberculous peritonitis (n=11)
Conference abstract on tuberculous
peritonitis in PD patients but numbers do
not add up (n=2)
Cohort study on tuberculous peritonitis in
patients on dialysis but only available in
aggregated data (unable to retrieve
individual PD patients with tuberculous
peritonitis) (n=1)

Figure 1. Search strategy and selection of studies. PD, peritoneal
dialysis.

the case studies and cohort studies in the literature
review. The most common additional risk factors
identified in the case studies and cohort studies in the
literature search were racial origin from the endemic
region and a high TB incidence country'’ (24.5%, n =
37/151 and 57.7%, n = 56/97), respectively (Table 3).
Of 151 patients identified in the case studies, 29
(19.2%) had concomitant nontuberculous peritonitis or
within 4 weeks of previous nontuberculous peritonitis.
On the other hand, only 2.1% (n = 2/97) in the cohort
studies had concomitant or within 4 weeks of previous
nontuberculous peritonitis. Of these, 1.0% (7 = 1/97)
had peritonitis with Klebsiella pneumoniae 3 weeks
before the diagnosis of tuberculous peritonitis; the
patient died 3 weeks after tuberculous peritonitis was
diagnosed, and 1.0% (r = 1/97) had concomitant
fungal peritonitis at the time of tuberculous peritonitis,
and the PD catheter was removed.

ANZDATA Registry Cases

Patient Characteristics

A total of 15,849 episodes of peritonitis in 21,741 pa-
tients on PD were identified during the study period
(September 2001 to December 2020). Of these, only 17
episodes (0.1%) were caused by M tuberculosis. The
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Table 2. Characteristics of patients with tuberculous peritonitis in
the literature review
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Table 3. Risk factors for tuberculous peritonitis in patients on

peritoneal dialysis in the literature review

Characteristics All patients (N = 151)
49.0 £ 15.1

81 (53.6%)

Age (years), mean + SD

Male gender, n (%)

PD modality, n (%)
CAPD 126 (83.4%)
APD 11 (7.3%)
Not reported 14 (9.3%)

Primary kidney disease, n (%)
Diabetic nephropathy
Not reported
Glomerulonephritis
Hypertensive nephrosclerosis
Interstitial nephritis

37 (24.5%)
31 (20.5%)
27 (17.9%)
24 (15.9%)
21 (13.9%)

Other 11 (7.3%)
Country of the study, 1 (%)°

UK 20 (13.2%)
Others® 18 (11.9%)
Turkey 17 (11.3%)
Hong Kong 16 (10.6%)
Taiwan 16 (10.6%)
USA 14 (9.3%)
India 13 (8.6%)
South Africa 12 (7.9%)
Spain 10 (6.6%)
Saudi Arabia 8 (56.3%)

New Zealand 4 (2.6%)

Morocco 3 (2.0%)

APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis;
SD, standard deviation; UK, United Kingdom; USA, United States of America.

0thers: Australia, Canada, France, Indonesia, Japan, Korea, Malaysia, Portugal,
Singapore, Tunisia.

®May not round up to 100% due to rounding.

median (IQR) time from PD start date to developing
tuberculous peritonitis was 27 (5-39) months. The
baseline patient characteristics and clinical information
of the patients at the time of peritonitis due to M
tuberculosis are summarized in Supplementary
Table S4.

Treatment of Tuberculous Peritonitis in the Case
Studies and Cohort Studies in the Literature
Review and ANZDATA Registry Cases
In Supplementary Tables S5, S6, and S7, we summarize
the choice of anti-TB regimen in the case studies,
cohort studies, and ANZDATA Registry cases, respec-
tively. The most common anti-TB regimen used
included rifampicin + isoniazid + pyrazinamide in the
case studies and cohort studies of the literature review
(27.2%, n = 41/151), (12.4%, n = 12/97) and ANZ-
DATA Registry cases (23.5%, n = 4/17), respectively.
The median (IQR) duration of anti-TB treatment was
9 (9-12) months in the case studies of the literature
review, whereas the aggregated mean duration of the
anti-TB treatment in the cohort study ranged from 9 to
18 months. The median (IQR) time anti-TB therapy
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Risk factors identified from the case studies

Unknown/not reported

Single risk facfors®

Endemic region/originate from high TB incidence country
Diabetes mellitus

Previous history of pulmonary TB or history of positive PPD (Mantoux
fest)

Active pulmonary TB
Hypoalbuminemia/malnutrition
Taking steroids/immunosuppressants
Other exfra-pulmonary TB

Close family confact with active pulmonary TB/occupational exposure o
bovine TB

Combination risk factors”

All patients
(N = 151)
26 (17.2%)
79 (62.3%)
37 (24.5%)
12 (7.9%)

11 (7.3%)

6 (4.0%)
5 (3.3%)
3 (2.0%)
3 (2.0%)
2 (1.3%)

46 (30.5%)

Endemic region/originate from high TB incidence country + 12 (7.9%)
hypoalbuminemia/malnutrition

Endemic region/originate from high TB incidence country+ diabetes 9 (6.0%)
mellitus

Diabetes mellitus + hypoalbuminemia/malnutrition 5 (3.3%)

Taking steroids/immunosuppressants + previous history of TB 2 (1.3%)

Endemic region/originate from high TB incidence couniry + 2 (1.3%)
hypoalbuminemia/malnutrition + diabetes mellitus

Endemic region/originate from high TB incidence country + other exira- 2 (1.3%)
pulmonary TB

Endemic region/originate from high TB incidence country + taking 2 (1.3%)
sferoids/immunosuppressants

Diabefes mellitus + hypoalbuminemia/malnutrition + active pulmonary 2 (1.3%)
TB/other extra-pulmonary TB

Diabetes mellitus + past history of pulmonary TB 2 (1.3%)

Active pulmonary TB + other extra-pulmonary TB + 1 (0.7%)
hypoalbuminemia -+ taking sferoids/immunosuppressants

Endemic region/originate from high TB incidence country + active 1 (0.7%)
pulmonary TB + tfaking sferoids/immunosuppressants

Taking steroids/immunosuppressants + hypoalbuminemia/ 1 (0.7%)
malnutrition + other exira-pulmonary TB

Diabetes mellitus + other exira-pulmonary TB 1 (0.7%)

Endemic region/originate from high TB incidence couniry + previous 1 (0.7%)
history of TB

Taking steroids/immunosuppressants + active pulmonary TB 1 (0.7%)

Endemic region/originate from high TB incidence country + diabetes 1 (0.7%)
mellitus + other exira-pulmonary TB

Endemic region/originate from high TB incidence couniry + active 1 (0.7%)
pulmonary TB

All patients
Risk factors identified from the cohort studies® (n=97)

Unknown
Single risk factors

Racial origin of endemic region /originate from high TB incidence
country

Lafent TB from occupational exposure (i.e., coal miner)

Diabetes mellitus

Malignant disease (i.e., cervix carcinoma)

Positive PPD (Mantfoux test)

Combination risk factors”

Endemic region/originate from high TB incidence country + diabefes
mellitus

Endemic region/originate from high TB incidence country + malignant
disease

Endemic region/originafe from high TB incidence counfry + past close
family history of pulmonary TB

11 (11.3%)
68 (70.1%)
56 (57.7%)

5 (5.2%)
4 (4.1%)
1.(1.0%)
2 (2.1%)
18 (18.6%)
16 (16.5%)

1 (1.0%)

1.(1.0%)

TB, tuberculosis; PPD, purified protein derivative.
#May not total up to 100% due to rounding.
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started from the onset of symptoms of tuberculous
peritonitis in the case studies of the literature review
was 6 (3—11) weeks.

Clinical Outcomes in the Case Studies and
Cohort Studies of the Literature Review and
ANZDATA Registry Cases

All-Cause Mortality

Overall, the all-cause mortality rates of patients with
tuberculous peritonitis in the case studies and cohort
studies of the literature review and ANZDATA Regis-
try cases were 33.1% (n = 50/151), 25.8% (n = 25/97)
and 5.9% (n = 1/17), respectively (Table 4 and
Figure 2). In Figure 2, we illustrate the reasons for all-
cause mortality in the case studies and cohort studies in
the literature review group.

Need for PD Catheter Removal

The majority of the patients in the case studies and
cohort studies of the literature review had PD catheter
removed (58% [n = 87/151] and 51% [49/97], respec-
tively), whereas 82% (n = 14/17) of patients in the
ANZDATA Registry cases group had PD catheters
removed. Of these, 23% (n = 34/151) in the case studies
and 20% (n = 19/97) cohort studies of the literature
review group and 82% (n = 14/17) in the ANZDATA
Registry cases group were reported to have perma-
nently transferred to HD. In the case studies group, 6%
(m = 9/151) had PD catheters removed due to inade-
quate ultrafiltration while receiving an anti-TB regimen
for tuberculous peritonitis. The median (IQR) time from
diagnosis of tuberculous peritonitis to the removal of
the PD catheter reported in the case studies and
ANZDATA Registry cases was 13 (7-20) and 7 (6-10)
days, respectively.

Of the 40% (n = 60/151) who did not have PD
catheter removal in the case studies group, 6.0%
(n = 9/151) died from causes related to tuberculous
peritonitis after a median (IQR) time of 20 (13-30) days
after diagnosis of tuberculous peritonitis. Twenty-three
patients (15%) in the case studies group who did not
have PD catheter removal remained on PD after
completing the anti-TB regimen for tuberculous peri-
tonitis. Of those, 2% (n = 3/151) were subsequently
transferred to HD after a mean duration of 12 months
following tuberculous peritonitis due to inadequate
ultrafiltration. In Table 5, we illustrate the relationship
between mortality and PD catheter removal in the case
studies and ANZDATA groups (these data could not be
obtained in the cohort studies group).

Among 82% (n = 14/17) of patients in the ANZ-
DATA Registry cases group who were permanently
transferred to HD, 29% (n = 4/14) of patients died
while on HD (due to cachexia or withdrawal of HD)

Kidney International Reports (2024) 9, 277-286

CLINICAL RESEARCH

Table 4. Clinical outcomes of tuberculous peritonitis from the case
studies in the literature review

All patients
Outcomes-case studies (N = 151)
PD-catheter removal, n (%)
Yes® 87 (67.6%)
No 60 (39.7%)
Not reported 4 (2.6%)

Status of PD while receiving antituberculosis regimen for tuberculous

peritonitis, n (%)

Died related fo fuberculous peritonitis® 28 (18.5%)
Died while receiving antituberculosis therapy for tuberculous peritonitis® 22 (14.6%)
Transferred fo permanent HD® 34 (22.5%)
Remained on PD 30 (19.9%)
Not reported 29 (19.2%)

Returned fo PD 6 (4.0%)
Simultaneous PD catheter removal and replacement® 1 (0.7%)
Kidney fransplant 2 months after diagnosis of fuberculous peritonitis 1 (0.7%)
All-cause mortality ', n (%)
No 98 (64.9%)
Yes 50 (33.1%)
Not reported 3 (2.0%)
All patients
Outcomes-cohort studies (n = 97)
PD-catheter removal, n (%)
Yes 49 (50.5%)
No 47 (48.5%)
Not reported 1(1.8%)
Status of dialysis while receiving antituberculosis regimen for All patients
tuberculous peritonitis, n (%) (n = 97)
Not reported 34 (35.1%)
Died 25 (25.8%)
Transferred fo HD 19 (19.6%)
Returned to PD 10 (10.3%)
Remained on PD 9 (9.3%)
All-cause mortality,” 7 (%)
No 72 (74.2%)
Yes 25 (25.8%)

HD, hemodialysis, PD, peritoneal dialysis; TB, tuberculosis.

?Inclusive of simultaneous removal and replacement of PD catheter

®Death (i) before tuberculous peritonitis was diagnosed or (i) while receiving antitu-
berculosis treatment for tuberculous peritonitis and the status of the dialysis modality
remained unknown.

°Within 30 days of diagnosis of TB peritonitis or during the treatment of tuberculous
peritonitis.

9Remained alive after permanent transfer to HD.

°Remained alive.

fAll-cause mortality (death from tuberculous peritonitis or while receiving antitubercu-
losis treatment for tuberculous peritonitis).

after a median (IQR) time of 44 (25-87) months after
permanent transfer to HD.

Recommencement of PD

In the case studies, 1% (n = 2/151) of patients were
reported to have had PD catheter reinserted within 4
weeks of PD catheter removal. Of these, 1 patient
survived, whereas the other patient died from tuber-
culous peritonitis. Of the patients who returned to PD,
4% (n = 6/151) were in the case studies group and 10%
(m = 10/97) were from the cohort studies (Table 4),
whereas none of the patients in the ANZDATA Registry
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Reasons for all-cause mortality in the case studies of the literature review (%)

B Tuberculous peritonitis ™ Vascular ® Other infection ® Cardiac ™ Other ™ Not reported

Reasons for all-cause mortality in the cohort studies of the literature review (%)

® Suicide  ® Tuberculous peritonitis ™ Cause not reported

Figure 2. Reasons for all-cause mortality? in the literature review.”

#All-cause mortality was defined as death due to tuberculous peritonitis and all deaths while receiving antituberculosis treatment for tuber-

culous peritonitis.

PPercentage is computed based on the total number of deaths in the case studies and cohort studies, respectively.

cases group was reported to have returned to PD after
completing the anti-TB treatment.

Remaining on PD

The proportion of patients who remained on PD during
anti-TB treatment were 9% (n = 9/97) in the cohort
studies, 20% (n = 30/151) in the case studies, and 18%
(n = 3/17) in the ANZDATA Registry cases. Among the
18% (n = 3/17) patients who remained on PD in the
ANZDATA Registry cases group, 12% (n = 2/17) had a
permanent transition to HD 22.1 and 17.0 months after
the diagnosis of tuberculous peritonitis due to inade-
quate solute clearance, and 6% (n = 1/17) patients died
on the day tuberculous peritonitis was diagnosed.

Mortality Attributed to Tuberculous Peritonitis
Overall, 19% (n = 28/151) of patients in the case
studies and 26% (n = 25/97) of patients in the cohort
studies died related to tuberculous peritonitis.

282

DISCUSSION

Our study is the first to examine the epidemiology,
management strategies, and outcomes of tuberculous
peritonitis through a systematic literature review and
multicenter binational registry analysis. Although M
tuberculosis is an uncommon cause of peritonitis, it is
associated with poor outcomes, such as high transfer
rates to HD and mortality. M tuberculosis has also been
reported to form a biofilm'”'® which can limit the
penetration and efficacy of anti-TB drugs, increasing
the risk of treatment failure.

Although our study observed PD catheter removal
in the majority of the patients in the ANZDATA Reg-
istry cases, cohort studies, and case studies of the
literature review groups, a higher proportion of pa-
tients in the ANZDATA Registry cases group had their
PD catheters removed. A direct comparison of the
outcomes of tuberculous peritonitis between the case

Kidney International Reports (2024) 9, 277-286
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Table 5. Relationship between mortality and peritoneal dialysis
catheter removal

Case studies (N = 151)

Death related  Died while receiving
to tuberculous antituberculosis therapy
Status of the peritonitis,” n for tuberculous

Living status not
reported by the

PD catheter (%) peritonitis,” n (%) Alive, n (%) authors, n (%)
PD cathefer 17 (11.3%) 12 (7.9%) 55 (36.4%) 3 (2.0%)

removed
PD cathefer 9 (6.0%) 10 (6.6%) 41 (27.2%) 0 (0.0%)

not

removed
Status of PD 2 (1.3%) 0 (0.0%) 2 (1.3%) 0 (0.0%)

catheter

removal

not

reported

ANZDATA Registry (n = 17)
Death related fo tuberculous peritonitis,” n (%)° Alive, n (%)°

PD cathefer removed 0 (0%) 14 (82%)
PD catheter not removed 1 (6%) 2 (12%)

PD, peritoneal dialysis.

?Death related to tuberculous peritonitis as reported by the authors or within 30 days of
diagnosis of tuberculous peritonitis.

®Death that occurred >30 days of diagnosis of tuberculous peritonitis and unrelated to
tuberculous peritonitis while receiving antituberculosis therapy for tuberculous
peritonitis.

°Death within 30 days of diagnosis of tuberculous peritonitis.

“Did not sum up to % due to rounding.

studies, cohort studies, and ANZDATA Registry
groups cannot be performed. This is due to the po-
tential of practice variation for the management of
peritonitis across different eras (i.e., case studies that
were diagnosed and managed before the year 2000
versus our ANZDATA Registry analysis that included
patients between the year 2000 and 2020) and in
different countries. Moreover, the ISPD recommenda-
tions for the management of PD-related peritonitis have
also evolved since the first set of recommendations was
published in 2005. Nevertheless, we observed that no
patients in the ANZDATA Registry cases group were
reported to have had either concomitant non-
tuberculous peritonitis or nontuberculous peritonitis
within 4 weeks of diagnosis of peritonitis due to M
tuberculosis as compared to the literature review group,
where 19% patients were reported to have had non-
tuberculous peritonitis either concomitantly or within
the previous 4 weeks. This is consistent with previous
1929 where recurrent peritonitis was associated
with higher odds of mortality.

There remains conflicting evidence regarding the
need for PD catheter removal in patients with tuber-
culous peritonitis. Although several studies have re-
ported successful treatment of tuberculous peritonitis
without PD catheter removal,>'%?'° others reported
that PD catheter removal was ruﬂ:cessary.7'll Of note, the
ISPD peritonitis guidelines have provided 2C recom-
mendations to treat tuberculous peritonitis with anti-
TB drugs instead of PD catheter removal as the first-

studies
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line treatment. In addition, a scoping review by
Thomson et al.” based on the case studies demonstrated
that PD catheter removal in patients with tuberculous
peritonitis was not associated with higher survival
rates. Compared to other bacterial peritonitis infections,
where identification of the causative organism on cul-
ture usually takes a few days, M tuberculosis can take a
few weeks because of its insidious growth in culture
media. This does not only result in a delay in diagnosis
of M tuberculosis infection; however, patients with this
infection are also often diagnosed initially as culture-
negative peritonitis and are treated with empiric anti-
biotics. Given that these “culture-negative” episodes
do not respond to the initial empirical antibiotic regi-
mens, most clinicians will consider PD catheter removal
based on the current ISPD peritonitis guidelines sug-
gesting 1D recommendations to remove PD catheters in
patients with PD effluent that fails to clear after 5 days
of appropriate antibiotics,” an approach that has been
associated with lower mortality and preservation of
peritoneal membrane function.’

In our study, compared to the case studies and
cohort studies, we have demonstrated earlier PD cath-
eters removal in patients in the ANZDATA cases group
(7 [6-10] vs. 13 [7-20]) days and had better survival
(94% vs. 65% and 74%, respectively). However, direct
comparison between the groups is impossible because
of the difference in patient populations and unmea-
sured confounders (i.e., variation in the treatment
protocols and experience across different PD units and
treating physicians for “refractory” peritonitis). In
centers where peritonitis due to M tuberculosis can be
diagnosed early, by either rapid diagnostic assays such
as Xpert MTB/RIF (Gene Xpert) and Xpert MTB/RIF
Ultra (Xpert Ultra) or peritoneal biopsies, the ISPD
peritonitis guidelines” 2C suggestion of anti-TB treat-
ment while retaining the PD catheter could be
implemented.

The long-term outcomes in patients with tubercu-
lous peritonitis who remained on PD and restarted PD
following interim HD remain scarce. In our study, 2
patients from the ANZDATA Registry cases group who
remained on PD were permanently transferred to HD
after a mean duration of 20 months after the diagnosis
of tuberculous peritonitis due to inadequate small so-
lute transport. Although preserving the length of PD
therapy is one of the determinants of outcomes, pre-
vious studies have reported alterations in peritoneal
transport characteristics, such as the decline in ultra-
filtration and an increase in the dialysate/peritoneal
creatinine ratio after severe bacterial peritonitis®’ ™’
and several studies are required to evaluate the peri-
toneal membrane function and outcomes in patients
who restarted PD. On the other hand, in the ANZDATA
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Registry cases group, 29% of the patients who were
permanently transferred to HD after tuberculous peri-
tonitis while on HD died after a median duration of 44
months due to cachexia and withdrawal of HD.
Therefore, our findings highlight the need for more
studies to determine the optimal time to restart PD and
evaluate whether returning to PD after an interim HD
will lead to better patient outcomes, including
improved survival.

Notably, 2 patients in the case studies had PD
catheter removal and replacement within 4 weeks of
removal. Of these, 1 patient died from tuberculous
peritonitis, whereas the remaining survived, although
the long-term outcomes remain unknown. Nonetheless,
given the high mortality rates with tuberculous peri-
tonitis in patients on PD and limited data on outcomes
if a PD catheter is reinserted within 4 weeks of
removal, more studies are required on the optimal time
to restart PD after PD catheter removal.

Another important aspect is the variation in the anti-
TB regimen observed in our study. Of note, the rec-
ommended doses of the anti-TB regimen on the ISPD
peritonitis guidelines were extrapolated from the rec-
ommendations used to treat pulmonary and other
extrapulmonary TB and were limited by expert opinion
and case series.” Although our study demonstrated that
rifampicin, isoniazid, and pyrazinamide are the most
common anti-TB regimens observed in the literature
review and ANZDATA Registry case groups, the choice
of anti-TB therapy should be center-specific and
demographic-specific. Successful treatment of tuber-
culous peritonitis is contingent on adequate drug
concentrations in the peritoneal cavity and the organ-
ism’s susceptibility to anti-TB drugs. However, this
may not always be possible due to various factors such
as the low bioavailability of the rifampicin in the
dialysate when administered orally,” treatment
discontinuation owing to its dose-dependent adverse
effects,”’ and the increasing prevalence of the
multidrug-resistant M tuberculosis strain, especially in
high multidrug-resistant burden countries. More
pharmacokinetic studies are warranted to evaluate if
intraperitoneal rifampicin with other commonly used
anti-TB drugs will enable dialysate drug concentrations
to remain above the minimum inhibitory concentra-
tions for M tuberculosis until the subsequent scheduled
dosing.

Finally, our study demonstrated that the median
time to develop tuberculous peritonitis from PD
commencement in the literature review group and
ANZDATA Registry cases were 12 and 27 months,
respectively. Furthermore, the majority (82.3%) of the
patients in the literature review group had additional
risk factors for tuberculous peritonitis. These findings
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highlight the need to identify and manage risk factors
associated with tuberculous peritonitis. These include
diabetes, long-term steroids and immunosuppressants
(i.e., antiretrovirals for human immunodeficiency dis-
ease (HIV) and antineoplastic drugs), history of pul-
monary TB, and malnutrition.’*>?

There were several limitations to this study. First,
given the limitations of data collection in ANZDATA
Registry, we could not identify several important risk
factors for tuberculous peritonitis, such as information
on the serum albumin level and the use of steroids and
other immunosuppressants at the time of development
of tuberculous peritonitis, and determine the reason for
PD catheter removal (i.e., whether the PD catheter was
removed after initiating anti-TB treatment due to loss
of ultrafiltration or refractory peritonitis after failure to
respond to 5 days of empirical antibiotics because this
information is not collected in the ANZDATA Regis-
try). Second, there was an absence of a control group to
compare the characteristics and outcomes of peritonitis
due to M tuberculosis to other organisms due to the
small number of peritonitis episodes due to M tuber-
culosis identified in this study. In addition, we could
not perform a multivariable analysis to examine the
predictors of the outcomes of tuberculous peritonitis
between the ANZDATA Registry cases and the litera-
ture review group due to insufficient case numbers.
Third, the incomplete data sets in the ANZDATA
Registry cases, particularly on the anti-TB regimen and
its treatment end date, limited the ability to compare
the treatment strategy with the literature review. We
were also unable to determine the association of the
anti-TB regimen with the treatment outcomes due to
the missing data. Thus, we could not determine the
optimal anti-TB regimen in this study. Fourth, loss to
follow-up in the long-term outcomes in the literature
review, particularly alterations to the peritoneal mem-
brane function, return to PD after the interim HD and
effect on the mortality rates after tuberculous perito-
nitis, cannot be excluded. Fifth, given that the nature
of the case series and retrospective study design are
susceptible to missing data bias, we could not deter-
mine the time to death in patients on PD who died due
to tuberculous peritonitis without PD catheter removal.
Finally, because of the retrospective nature of this
study, the date of diagnosis of peritonitis due to M
tuberculosis infection can vary because there may be
heterogeneity in how some studies could report this
date depending on signs or symptoms and definite
laboratory identification of M tuberculosis. This can
make the interpretation of the effect of PD catheter
removal on outcomes somewhat speculative. Nonethe-
less, the strength of this study lies in its ability to
compare the treatment strategy and outcomes of
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tuberculous peritonitis between Australia and New
Zealand and worldwide through a systematic review
and large, bi-national registry analysis.

In summary, peritonitis due to M tuberculosis is
relatively uncommon but is associated with poor out-
comes. Although early laboratory diagnosis of this
infection will likely improve patient outcomes, pro-
spective studies are warranted to study the effect on
retaining PD catheters after M tuberculosis infection is
diagnosed while patients receive anti-TB treatment. We
acknowledge that the 2022 ISPD guidelines’ and
Thomson et al.” have discouraged routine PD catheter
removal in patients with tuberculous peritonitis; how-
ever, our findings from the ANZDATA Registry suggest
that prompt PD catheter removal may have contributed
to better survival in patients on PD with tuberculous
peritonitis, challenging the ISPD 2022 peritonitis
guidelines’” 2C recommendation that suggests anti-TB
therapy without PD catheter removal in these patients.
Our findings also highlight the need for robust pro-
spective studies to identify the optimal choice, combi-
nation, and duration of the anti-TB regimen for treating
tuberculous peritonitis in optimizing outcomes while
maintaining the feasibility of maintaining long-term PD.
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