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Background: Tuberculous constrictive pericarditis (TCP) is recommended to be treated with anti-tuberculosis (TB) therapy before
pericardiectomy. Whether different preoperative anti-TB regimens may lead to different outcomes is unclear.

Methods: We retrospectively collected patients diagnosed as TCP and received pericardiectomy from April 2016 to June 2023. The
study patients were assigned into the active TCP (A-TCP) group and the inactive TCP (IA-TCP) group according to the results of
Mpycobacterium tuberculosis (MTB) culture and MTB RNA assay. Baseline characteristics including anti-TB regimens and surgical
outcomes were compared between the two groups. Logistic regression analysis and subgroup analysis were conducted to identify the
protective factors of A-TCP.

Results: Of the 102 study patients, 24 was in the A-TCP group and 78 was in the IA-TCP group. The rate of preoperative anti-TB
regimen containing pyrazinamide was 37.5% in the A-TCP group, as compared with 74.4% in the IA-TCP group (P = 0.001).
Multivariate analysis showed that preoperative use of pyrazinamide was the protective factor of A-TCP (OR 0.194, 95% CI 0.053—
0.703, P = 0.013). Subgroup analysis based on age also showed consistent findings. In the analyses of surgical outcomes, A-TCP was
the independent risk factor of postoperative cardiac complications (OR 4.231, 95% CI 1.317-13.593, P = 0.015) and associated with
longer hospital stay (P = 0.004) and higher hospitalization cost (P = 0.001).

Conclusion: A strategy involving anti-TB regimen containing pyrazinamide before pericardiectomy was superior to that without
pyrazinamide in the patients with TCP. The strategy was associated with lower risk of A-TCP and might lead to better postoperative
recovery and cost-effectiveness.
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Introduction

Constrictive pericarditis is a form of diastolic heart failure characterized by fibrotic and inelastic pericardium.' Although
the prevalence or overall incidence of constrictive pericarditis has been poorly established, it appears to be rare and life-
threatening. The etiology of constrictive pericarditis varies according to countries, but tuberculosis (TB) remains a major
cause worldwide, especially in developing countries.”> Because constrictive pericarditis is chronic and progressive in
most cases, conservative treatment such as diuretic therapy is only palliative.® Pericardiectomy is indicated to remove the
diseased pericardium but accompanied with high perioperative mortality rates.” ”

It is worth noting that tuberculous pericarditis, accounting for 1% of all forms of tuberculosis, may be the only
presentation of Mycobacterium tuberculosis (MTB) infection, and up to 50% of cases will develop constrictive
pericarditis if without effective pharmacotherapy for tuberculosis.'® Initial anti-TB chemotherapy is recommended in
tuberculous constrictive pericarditis (TCP) before surgery.'' Previous studies suggested that combination therapy strategy

should be administered for 1 to 2 months before pericardiectomy, but whether different preoperative anti-TB regimens
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may lead to different outcomes is unclear.'>'? This study aims to explore the effect of different anti-TB regimens on
pericardial TB activity and prognosis in patients with TCP.

Materials and Methods
Study Population

Patients were eligible for inclusion in the study if they were diagnosed as TCP and received pericardiectomy in our
department from April 2016 to June 2023. Patients with drug resistant TCP, liver cirrhosis, and cancer were not eligible,
and those without records of detailed anti-TB regimens were also excluded. Eventually, 102 out of a total of 108 patients
were included in this study. Their clinical characteristics were collected from the hospital electronic medical records
system. The study protocol was approved by the Institutional Review Board of Hangzhou Red Cross Hospital
(No. 2023104). Because of the retrospective nature of the study and without any specific intervention, the informed
consent has been agreed to be waived. The data were maintained with confidentiality. The present study complied with
the Declaration of Helsinki.

Diagnosis

The preoperative diagnosis of constrictive pericarditis mainly depended on clinical symptoms, echocardiography, chest
enhanced computed tomography and central venous pressure (CVP), which was measured via a central venous catheter.
The preoperative diagnosis of pericardial TB relied on interferon-gamma release assay, purified protein derivative test,
chest imaging and laboratory tests for pericardial effusion including acid-fast bacilli (AFB) smear, Mycobacterium
tuberculosis (MTB) culture, GeneXpert MTB/RIF, CapitalBio Mycobacterium real-time polymerase chain reaction (RT-
PCR) detection assay and MTB-RNA assay.

The diagnosis of pericardial TB was verified postoperatively by pathologic examination and laboratory tests on
resected pericardial tissue including AFB smear, MTB culture, GeneXpert MTB/RIF, RT-PCR detection assay and MTB-
RNA assay. Resected diseased pericardial tissue was mixed and aliquoted in a homogeneous sampling and then sent for
the above tests. Active tuberculous constrictive pericarditis (A-TCP) was defined as positive results of MTB culture or
MTB RNA assay on resected pericardial tissue.'* If AFB smear, GeneXpert MTB/RIF, RT-PCR detection assay and
pathologic examination were positive but MTB culture and MTB RNA assay were negative, these patients were
classified into inactive tuberculous constrictive pericarditis (IA-TCP).

Chemical Reagents

Smear microscopy was performed by Ziehl-Neelsen acid-fast staining. MTB culture was performed by Lowenstein—
Jensen solid medium and liquid culture medium (BACTEC MGIT 960 Mycobacteria Culture System, BD Diagnostic
Systems, Sparks, MD) according to the manufacturer’s instructions. The first-generation Xpert MTB/RIF (Cepheid,
Sunnyvale, CA, USA) reaction cassette was used for GeneXpert MTB/RIF. The CapitalBio Mycobacterium RT-PCR
detection assay (CapitalBio Technology Inc., Beijing, China) was performed according to the manufacturer’s instruc-
tions. An RT-fluorescence quantification PCR instrument (SLAN-96S Real-Time PCR System ZEESAN Xiamen, CN)
was used for nucleic acid amplification to detect IS6110 and HSP65 multicopy elements for MTB and NTM,
respectively. The MTB-RNA assay (Shanghai Rendu Biotechnology, China) was performed according to the manufac-
turer’s instructions, with the use of Moloney murine leukemia virus reverse transcriptase and T7 RNA polymerase (RD
Bioscience, Inc., San Diego, CA, USA).

Treatment
All patients were routinely recommended to receive the standard first-line anti-TB regimen (isoniazid, rifampin,
pyrazinamide, and ethambutol), but the regimen was adjusted according to individual physical condition and tolerance
ability. Monotherapy was unacceptable. Preoperative anti-TB therapy was usually continued for at least 1 month unless
the patient strongly requested surgical treatment. A patient was regarded as receiving the anti-TB drugs if he or she could
tolerate them.
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All included patients received general anesthesia and single-lumen endotracheal tube assisted ventilation. Median
sternotomy was performed in all cases without the use of cardiopulmonary bypass. The extent of pericardiectomy
included the anterolateral pericardium between the two phrenic nerves, the basal pericardium over the diaphragmatic
surface, the pericardium on the great arteries and the pericardium from superior vena cava-right atrium junction to

inferior vena cava-right atrium junction.'®

Statistical Analysis

The studied participants were divided into the A-TCP group and the IA-TCP group according to the results of pathologic
examination and laboratory tests on resected pericardial tissue. The comparison of categorical data was done with the
chi-square test, the corrected chi-square test or the Fisher's exact test when appropriate. 7-test was used for the
comparison of continuous data. Odds ratios (ORs) for A-TCP and postoperative cardiac complications were estimated
by the binary logistic regression model, including two-sided 95% Cls. Confounders were included, based on univariate
analysis. Subgroup analysis was conducted to assess the consistency of the effect of anti-TB regimens on A-TCP if
necessary. These analyses were conducted using SPSS software (version 24.0, IBM SPSS Inc., United States). All
analyses were two-sided, and statistical significance was set at P value <0.05.

Results

Baseline Characteristics

From April 2016 to June 2023, a total of 108 patients were retrospectively screened and 102 were included in this study,
with 24 (23.5%) in the A-TCP group and 78 (76.5%) in the IA-TCP group. Four patients were excluded because of drug
resistant TCP, and two patients were excluded because of incomplete records. The characteristics of the patients at
baseline were almost similar in the two groups except age, preoperative use of pyrazinamide and fluoroquinolones, serum

total protein and albumin (Table 1).

Table | Baseline Characteristics of the Patients

Variables A-TCP Group | IA-TCP Group | P value
(N=24) (N=78)
Gender 0.439
Male 18 (75.0%) 66 (84.6%)
Female 6 (25.0%) 12 (15.4%)
Age, years 69.5 (23-83) 57.5 (16-80) 0.005
Symptom 0.871
Chest distress 19 (79.2%) 65 (83.3%)
Other 5 (20.8%) 13 (16.7%)
Duration of symptom, months 2.0 (1.0-6.0) 2.0 (0.3-18.0) 0.151
Pulmonary TB 8 (33.0%) 17 (21.8%) 0.250
Duration of anti-TB, months 2.0 (0-4.7) 1.5 (0.2-15.0) 0.439
Anti-TB regimens
Isoniazid 22 (91.7%) 77 (98.7%) 0.137
Rifampin 20 (83.3%) 75 (96.2%) 0.087
Pyrazinamide* 9 (37.5%) 58 (74.4%) 0.001
Ethambutol 20 (83.3%) 75 (96.2%) 0.087
Streptomycin 1 (4.2%) I (1.3%) 0417
Fluoroquinolones 11 (45.8%) 19 (24.4%) 0.043
Levofloxacin 9 (37.5%) 16 (20.5%)
Moxifloxacin 2 (8.3%) 3 (3.8%)
Linezolid 1 (4.2%) I (1.3%) 0417
(Continued)
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Table | (Continued).

Variables A-TCP Group | IA-TCP Group | P value
(N=24) (N=78)

NYHA functional class 0.977

I | (4.2%) 3 (3.8%)

I 11 (45.8%) 38 (48.7%)

n 11 (45.8%) 35 (44.9%)

v 1 (4.2%) 2 (2.6%)
Hypertension 4 (16.7%) 15 (19.2%) 1.000
Diabetes 2 (8.3%) 8 (10.3%) 1.000
Atrial fibrillation 7 (29.2%) 10 (12.8%) 0.117
COPD 0 (0%) 3 (3.8%) 1.000
HIV 0 (0%) 0 (0%) /
BMI, kg/m? 20.8 (17.7-27.9) | 21.6 (14.9-33.1) 0.436
SBP, mmHg 111 (90-143) 113 (82-167) 0.714
DBP, mmHg 74 (50-95) 76 (45-110) 0.579
Pulse rate (beats/min) 103 (75-145) 100 (65-145) 0.329
Pericardial calcification 6 (25.0%) 17 (21.8%) 0.742
Pericardial thickness, mm 10.0 (6.0-18.9) 10.3 (3.4-22.0) 0.699
CVP, cmH,O 26.0 (15.0-36.0) | 26.0 (13.0-40.0) 0.516
LVEF, % 58.0 (45.0-75.2) | 59.0 (42.0-78.0) 0.815
CRP, mg/L 19.6 (2.4-62.5) 20.2 (1.1-86.4) 0.722
ESR, mm/h 36.0 (4.0-79.0) 34.0 (2.0-120.0) 0.877
Total protein, g/L 62.6 (45.0-69.1) 65.1 (44.8-78.5) 0.024
Albumin, g/L 29.9 (25.4-35.0) | 32.1 (21.942.2) 0.013
Globulin, g/L 311 (17.6-37.9) | 31.6 (18.4-454) 0.336
Total bilirubin, umol/L 13.3 (6.0-65.6) 152 (4.2-92.2) 0.859
Direct bilirubin, pmol/L 8.2 (2.7-50.0) 8.8 (2.8-79.8) 0.946
Preoperative Ccr, mL/min 62.8 (36.5-111.7) | 75.8 (43.0-187.0) 0.060

Notes: Values presented as N (percentage) for categorical variables and median (range) for contin-
uous variables. *The median time duration of preoperative pyrazinamide administration was 2.3
months (range 0.5-3.0) in the A-TCP group and 1.4 months (range 0.2-15.0) in the IA-TCP group.
The difference between the two groups was not significant (P=0.838).

Abbreviations: A-TCP, active tuberculous constrictive pericarditis; IA-TCP, active tuberculous
constrictive pericarditis; TB, tuberculosis; NYHA, New York Heart Association; COPD, chronic
obstructive pulmonary disease; HIV, human immunodeficiency virus; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; CVP, central venous pressure; LVEF, left
ventricular ejection fraction (measured on echocardiogram); CRP, C-reactive protein; ESR, erythro-
cyte sedimentation rate; Ccr, creatinine clearance rate.

In the A-TCP group, age at diagnosis of TCP ranged from 23 to 83 years, with a median of 69.5 years, which was
older than that in the IA-TCP group (P = 0.005). In the IA-TCP group, 74.4% (58/78) of patients were treated with the
anti-TB regimen containing pyrazinamide, but the rate was only 37.5% (9/24) in the A-TCP group (P = 0.001). However,
the proportion of fluoroquinolones use was higher in the A-TCP group than in the IA-TCP group (45.8% vs 24.4%, P =
0.043). In addition to these, the serum total protein level and albumin level of the A-TCP group were significantly lower
than those of the IA-TCP group (P = 0.024 and 0.013, respectively).

Protective Factors of A-TCP

In order to detect protective factors of A-TCP, multivariate analysis was performed by logistic regression model. We
included factors that were statistically different in the univariate analysis in the multivariate analysis model (Table 2).
Demographic characteristics generally did not have a direct effect on pericardial TB activity but were indirectly
associated with it through other clinical factors such as nutrition-related factors. Therefore, age was not included in
the multivariate analysis. The results showed that preoperative use of pyrazinamide was the independent protective
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Table 2 Protective Factors of A-TCP

Variables OR 95% CI P value
Pyrazinamide 0.194 0.053-0.703 0.013
Fluoroquinolones 1.225 0.325-4.616 0.765
Total protein 0.971 0.891-1.060 0.512
Albumin 0.870 0.728-1.039 0.123

Abbreviations: A-TCP, active tuberculous constrictive pericarditis; OR,
odds ratio; Cl, confidence interval.

factors of A-TCP (OR 0.194, 95% CI 0.053-0.703, P = 0.013), while the effects of fluoroquinolones, total protein and
albumin on A-TCP were not significant.

Subgroup analysis was also conducted to eliminate the potential interference of age. Age of the overall study
population ranged from 16 to 83 years, with a median of 61 years. The patients were divided into two subgroups,
with 49 cases in the age <61 subgroup and 53 in the age >61 subgroup. The results were consistent across prespecified
subgroups (Figure 1).

Effect of A-TCP on Outcomes

Surgical outcomes were compared between the two groups (Table 3). No in-hospital death was observed in both groups,
but a total of 21 cases occurred cardiac complications after pericardiectomy (Supplemental Table 1). The incidence of

cardiac complications was significantly higher in the A-TCP group than in the IA-TCP group (41.7% vs 14.1%, P =
0.008). The patients in the A-TCP group were noted to have longer durations of postoperative chest drainage and hospital
stay than those in the IA-TCP group (P = 0.014 and 0.004, respectively). The hospitalization cost was also higher in the
A-TCP group (P = 0.001). Other surgical outcomes such as postoperative duration of vasoactive agent use, intubation and
ICU stay were similar in the two groups.

In order to determine the degree of contribution of A-TCP on postoperative cardiac complications, we performed
univariate analysis at first and then included the statistically significant factors in multivariate logistic regression analysis
(Supplemental Table 2). Univariate analysis revealed that risk factors of postoperative cardiac complications were age,

A-TCP, preoperative NYHA functional class and preoperative CVP. Multivariate analysis that included these covariates
revealed that A-TCP was a significant predictor of postoperative cardiac complications (OR 4.231, 95% CI 1.317-
13.593, P = 0.015) (Table 4).

Variables OR (95% CI) P value
1
Age<61 1
1
1
1
Pyrazinamide 0.074 (0.007-0.735) P— : 0.03
1
1
1
Age>=61 I
1
1
1
Pyrazinamide 0.303 (0.094-0.978) ———+— 0042

1
}
0

000 025 050 075 100

Figure | Subgroup analysis of the effect of pyrazinamide on A-TCP according to age.
Abbreviations: A-TCP, active tuberculous constrictive pericarditis; OR, odds ratio; Cl, confidence interval.
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Table 3 Comparison of Surgical Outcomes

Variables A-TCP Group IA-TCP Group P value
(N=24) (N=78)

Operative duration, min 251 (200-390) 251 (115-385) 0.514
Blood loss, mL 125 (50-800) 100 (50-700) 0.401
Intraoperative blood transfusion, mL 0 (0-0) 0 (0-0) /
Postoperative CVP, cmH,0O 13.0 (2.0-22.0) 15.0 (4.0-32.0) 0.114
Postoperative ICU stay, days 2 (1-8) 2 (0-10) 0.139
Postoperative intubation, h 19 (2-153) 19 (0-232) 0.161
Duration of vasoactive agents, h 14 (0-161) 3 (0-144) 0.219
Postoperative cardiac complications 10 (41.7%) 11 (14.1%) 0.008
Duration of chest drainage, days 15 (5-37) Il (4-32) 0.014
Postoperative hospital stay, days 20 (1042) 15 (7-39) 0.004
In-hospital mortality 0 (0.0%) 0 (0%) /
Costs, thousand yuan 82.4 (42.0-139.5) | 63.1 (36.6-140.4) 0.001

Note: Values presented as median (range) for continuous variables and N (percentage) for categorical variables.
Abbreviations: A-TCP, active tuberculous constrictive pericarditis; IA-TCP, active tuberculous constrictive peri-
carditis; CVP, central venous pressure; ICU, intensive care unit.

Table 4 Effect of A-TCP on Postoperative Cardiac
Complications

Groups Postoperative Cardiac Complications
OR 95% ClI P value

IA-TCP group | Reference / /

A-TCP group 4.231 1.317-13.593 0.015

Abbreviations: A-TCP, active tuberculous constrictive pericarditis; |A-
TCP, active tuberculous constrictive pericarditis; OR, odds ratio; Cl,
confidence interval.

Discussion

The results of this study showed that a strategy involving preoperative anti-TB treatment containing pyrazinamide was
superior to that without pyrazinamide in relation to the risk of A-TCP during pericardiectomy. The efficacy of
pyrazinamide was consistent across subgroups that were defined according to the median age of overall study population.
Patients with A-TCP were at increased risk of postoperative cardiac complications in the analysis of surgical outcomes.
This study could provide some reference value for clinicians in the selection of preoperative anti-TB regimens in TCP.

Pyrazinamide is a nicotinamide analogue that can be activated by human and mycobacterial amidases and converted to
pyrazinoic acid (POA) which accumulates within MTB and interferes with various important cellular processes, such as the
maintenance of metabolic homeostasis and adaptation to stress conditions.'®™'® Therefore, pyrazinamide is considered a key
sterilizing drug included in the first-line anti-TB regimen and plays a critical role in shortening treatment duration. Previous
studies have reported that pyrazinamide could target a subpopulation of MTB within acidified portions of the lesion and
distribute rapidly and homogenously into all lesion types, both cellular and caseous lesions.?*' Recently, it was shown that
pyrazinamide could be a PARP1 inhibitor and that PARP1 inhibition might play a mechanistic role in pyrazinamide’s host-
directed activity, but its mechanism of action remained incompletely understood.**

The anti-TB effect of pyrazinamide on the TCP has been unclear. This study retrospectively analyzed the eligible
patients with TCP in our department. We observed that patients whose preoperative anti-TB regimen did not contain
pyrazinamide were more likely to have positive MTB culture and MTB RNA assay in pericardial tissue, which was
defined as A-TCP. This implied a greater bacterial burden of pericardial tissue in these patients. Pasipanodya et al have
suggested that mortality in proven TB pericarditis was high and the bacillary load was a significant risk factor of poor
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prognosis.*® Our study validated this finding to some extent. The analysis of surgical outcomes in this study revealed that
patients with A-TCP were more vulnerable to postoperative cardiac complications, and multivariate analysis indicated
that A-TCP was the independent risk factor of cardiac complications. On top of that, this group of patients had longer
hospital stay and higher hospitalization cost, which meant slower postoperative recovery and heavier financial burden for
these patients.

It was worth mentioning that patients in the A-TCP group had lower levels of total protein and albumin than those in
the IA-TCP. Previous studies have indicated that older patients and those at risk of malnutrition have impaired immune
function which could have a negative impact on TB activity.”**> However, we performed multivariate analysis and found
that serum total protein and albumin were not the significant risk factors of A-TCP.

The proportion of preoperative use of pyrazinamide was higher in patients diagnosed with IA-TCP, which was
broadly in line with the findings of previous studies. Preclinical disease model that recapitulated the major lung lesions
observed in human TB was used to confirm that pyrazinamide could not only penetrate all lesion types but also reduce
bacterial burden and sterilize both cellular and necrotic lesions.”**® However, given the relatively common adverse
effects of pyrazinamide, some frail patients may be unable to tolerate standard first-line regimen containing pyrazina-
mide. Drug-induced liver injury is the main concern, while increased plasma uric acid and gastrointestinal intolerance
may also occur.®’ Fluoroquinolones are regarded as core agents in case of resistance or intolerance against first-line anti-
TB drugs, but the results of trials investigating the outcome of fluoroquinolone-containing regimens are not in favor of
fluoroquinolones for TB.?° In this study, a high percentage of patients used an alternative regimen containing fluor-
oquinolones, with 45.8% in the A-TCP group and 24.4% in the IA-TCP. Univariate analysis suggested that the difference
was significant, but fluoroquinolones were not an independent risk factor of A-TCP in multivariate analysis.

This study has some limitations. First, unavoidable bias existed due to the nature of single-center retrospective design.
Multivariate logistic regression analysis was conducted to control the effect of confounders to some degree. Moreover,
subgroup analysis was performed according to age, eliminating the potential influence of demographic characteristic.
Second, because of the low incidence of TCP, the study sample was small, especially the group of A-TCP. Therefore,
a multi-institutional, large-scale trial is required to confirm our results. Moreover, this study focused on drug-sensitized
TB. Regarding drug-resistant TCP, we would further collect cases for analysis and discussion. Finally, the drug
concentration of pyrazinamide in pericardial tissues, as well as the bacterial load in pericardial tissues, remains to be
further explored.

Conclusion

Our study showed that preoperative use of pyrazinamide could significantly reduce the risk of A-TCP which was
associated with poor surgical outcomes. The results suggested that there was value in considering anti-TB regimen
containing pyrazinamide for the patients with TCP to maximize cost-effectiveness and outcome benefit.

Abbreviations

TB, tuberculosis; A-TCP, active tuberculous constrictive pericarditis; IA-TCP, active tuberculous constrictive pericardi-
tis; AFB, acid-fast bacilli; MTB, Mycobacterium tuberculosis; RT-PCR, real-time polymerase chain reaction; NYHA,
New York Heart Association; CVP, central venous pressure; OR, odds ratio; CI, confidence interval.

Data Sharing Statement
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