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Abstract
Background: Pneumocystis jirovecii pneumonia (PCP) with acute respiratory failure can result in
development of pneumothorax during treatment. This study aimed to identify the incidence and related
factors of pneumothorax in patients with PCP and acute respiratory failure and to analyze their
prognosis.

Methods: We retrospectively reviewed the occurrence of pneumothorax, including clinical characteristics
and results of other examinations, in 119 non-human immunode�ciency virus patients with PCP and
respiratory failure requiring mechanical ventilator treatment ina medical intensive care unit (ICU) at a
tertiary-care center between July 2016 and April 2019.

Results: The 28-day survival rate was 62.2% (N=74). Twenty-two patients (18.5%) developed
pneumothorax during ventilator treatment, with 45 (37.8%) eventually requiringa tracheostomy due to
weaning failure. Cytomegalovirus co-infection (odds ratio 13.9; p=0.013) was related with occurrence of
pneumothorax. Of 74 patients with 28-day survival data, 15 (20.3%) developed pneumothorax. In those
patients, �ve survived (p=0.048) and only two were successfully weaned from mechanical ventilation
(p=0.037).

Conclusions: Patients with PCP and acute respiratory failure who developed pneumothorax did not have
increased 28-day mortality, however pneumothorax increased in patient with cytomegalovirus co-
infection, pneumothoraxmight have di�culty in and prolonged weaning from mechanical ventilators,
which clinicians should be aware of when planning treatment for such patients.

Background
The incidence of Pneumocystis jirovecii pneumonia (PCP) in patients without human immunode�ciency
virus (HIV) has increased as more patients receive chemotherapy or immunosuppressive agents [1]. The
disease progress in these patients is rapid, and the prognosis is worse compared to that of PCP patients
with HIV [2]. Furthermore, when complicated by respiratory failure, the prognosis is poor and mortality
rate is high [3].

Pneumothorax is one of the complications of PCP [4]. The prevalence of pneumothorax ranged from 13–
61% in PCP patients with and without HIV in previous study [5]. There are several studies on the
association between the occurrence of pneumothorax in PCP and prognosis in patients with HIV [6–8]. In
one study of patients without HIV, development of pneumothorax was related to poor prognosis, including
high acutely physiology and chronic health evaluation (APACHE) III scores, prolonged positive pressure
ventilation, and intubation delay, in patients with acute respiratory failure complicating PCP [9]. However,
the relationship between pneumothorax and prognosis of PCP with acute respiratory failure in patients
without HIV remains unclear [5].
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The aim of this study was to identify the incidence of pneumothorax in patients with PCP and acute
respiratory failure without HIV and to further analyze related factors. In addition, we investigated the
prognosis, including success rates of ventilator weaning, of these patients and progression of disease.

Methods

Study Population
In this study, we retrospectively investigated the medical records of 1,210 patients who were admitted to a
medical intensive care unit at a tertiary care university hospital in South Korea between July 2016 and
April 2019. Patients with PCP without HIV who needed mechanical ventilation due to respiratory failure in
ICU care were included. Three criteria were applied for the diagnosis of PCP: (1) immunocompromised
status from chemotherapy, immunosuppressant usage, or long term use of steroid with clinical
symptoms of pneumonia, such as cough, sputum, fever, and dyspnea; (2) P. jirovecii DNA must be
con�rmed using polymerase chain reaction (PCR) assays from patient sputum samples, endotracheal
aspirates, or bronchoalveolar lavage �uids; and (3) radiologic �nding from chest computed tomography
(CT) representing typical patterns of PCP, including bilateral interstitial opacities, ground glass opacities,
or septal thickening must be evident. P. jirovecii PCR-positive patients who did not receive treatment for
PCP were excluded due to possible false positivity.

Data Collection
Patient baseline characteristics, laboratory �ndings, and information on disease severity, such as
APACHE II score, Sequential Organ Failure Assessment (SOFA) score, and Simpli�ed Acute Physiology
Score (SAPS) II, were collected from data obtained within 24 hours of ICU admission. We reviewed the
mechanical ventilator (MV) parameters, including respiratory rate, tidal volume (mL/predicted body
weight), peak inspiratory pressure, positive expiratory end pressure (PEEP), dynamic driving pressure (the
difference between peak inspiratory pressure and PEEP) within 24 hours after MV initiation. We also
reviewed peak inspiratory pressure three days after- and maximal peak pressure within a week after MV
initiation. Concomitant Cytomegalovirus (CMV) antigenemia was decided through a quantitative PCR
test. The cutoff value for clinically meaningful positive CMV PCR result was higher or equal 1500
copies/mL [10].

Occurrence of pneumothorax was evaluated via radiologic manifestations with chest radiography and
CT. We investigated the prognosis of patients, including successful MV weaning outcomes, ICU length of
stay, 28-day mortality and in-hospital mortality. Approval for this study was provided by the institutional
review board of Yongin Severance Hospital (IRB 9-2021-0045). The need for informed consent was
waived due to the retrospective nature of this study. This study was conducted in accordance with the
tenets set by the Declaration of Helsinki.
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Management Of Pcp
All study patients were administered intravenous or oral trimethoprim (15–20 mg/kg per day) and
sulfamethoxazole (75–100 mg/kg per day) as �rst-line treatment for PCP. The duration of planned
treatment was three weeks. We changed to second-line treatment using primaquine (15–30 mg/day) and
clindamycin (1800 mg/day) or pentamidine (4 mg/kg per day) in patients who did not present clinical
improvement. Twenty-one (17.6%) patients were treated with second-line medication due to no clinical
improvement or side effects of the �rst-line medication. In addition, all patients were administered
adjuvant corticosteroid (40 mg prednisolone twice daily for �ve days, followed by 40 mg prednisolone
twice daily for �ve days, after which 20 mg prednisolone twice daily for 11 days was given). Patients
requiring MV treatment for more than two weeks due to MV weaning failure underwent tracheostomy.

Statistical Analysis
Categorical variables were presented as frequencies and percentages with comparisons done using a chi-
square test. Continuous variables were presented as means and standard deviations if the distribution
was normal, and as interquartile ranges (IQRs) if the distribution was not normal. For comparisons of
continuous variables, a Student’s t-test and Mann-Whitney U test were used. A multivariable logistic
regression analysis was performed with pre-speci�ed covariates. Odds ratios (ORs) and 95% con�dence
intervals (CIs) were also calculated. A p-value < 0.05 was considered signi�cant for all analysis. All data
were analyzed statistically using IBM SPSS version 25.0 software (IBM Corp., Armonk, NY, USA).

Results
Study �ow

A total of 160 patientswith clinicallycon�rmed PCPand on treatment for it were enrolled. Fortyone
patients who had respiratory failure, but had not received MV treatment and had undergone tracheostomy
before ICU admission were excluded; therefore, 119 patients were �nally included in our study (Figure 1).

Baseline Characteristics Of The Study Participants
The baseline characteristics of study patients are summarized in Table 1. Among the 119 patients
reviewed, 76 (63.9%) were male and 43 (36.1%) were female. Median age was 65.0 (IQR, 56.0–72.0)
years. Median APACHE II score was 26.5 (IQR, 20.0–32.0). Thirty-four patients (28.6%) were smokers, and
31 (26.1%) had underlying chronic lung diseases, including airway disease (n = 9, 7.3%) and interstitial
lung disease (n = 22, 18.5%). The main cause of immunode�ciency was a solid cancer (n = 37, 31.1%),
followed by immunosuppressive agent use (n = 27, 22.7%), and hematologic malignancy (n = 22, 18.5%).
Forty-one patients (34.5%) needed continuous renal replacement therapy (CRRT) because of acute kidney
injury. Concomitant CMV antigenemia was noted in 75 patients (63.0%).
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Table 1
Baseline characteristics of patients with Pneumocystis jirovecci pneumonia requiring mechanical

ventilation in an intensive care unit
Patient characteristics N = 119

Median age, years 65.0 (56.0–72.0)

Sex (male) 76 (63.9)

Height, cm 163.0 (156.0–170.0)

BMI, kg/m2 22.3 (20.1–25.0)

Ever smoker 34 (28.6)

Charlson Comorbidity Index 3 (2–4)

Comorbidity disease  

Congestive heart failure 11 (9.2)

Coronary arterial disease 21 (17.6)

Chronic lung disease - airway 9 (7.6)

Chronic lung disease - ILD 22 (18.5)

Chronic kidney disease 31 (26.1)

Chronic liver disease 9 (7.6)

Cerebrovascular disease 4 (3.4)

Solid cancer 37 (31.1)

Hematologic malignancy 22 (18.5)

Immunosuppressive agent use 27 (22.7)

CRRT due to AKI 41 (34.5)

APACHE II score 26.5 (20.0–32.0)

SOFA score 8 (6–11)

SAPS II 37.0 (29.0–18.8)

Cytomegalovirus antigenemia 75 (63.0)

Clinical parameters  

Data are presented by numbers (%) or median (IQR) unless indicated otherwise.

IQR, interquartile range; BMI, body mass index; ILD, interstitial lung disease; CRRT, continuous renal
replacement therapy; AKI, acute kidney injury; APACHE II, Acute Physiology and Chronic Health
Evaluation II; SOFA, Sequential Organ Failure Assessment; SAPS II, simpli�ed acute physiology score
II; WBC, white blood cell; BUN, blood urea nitrogen
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Patient characteristics N = 119

WBC, x103/µL 10.2 (5.9–15.3)

Platelet, x103/µL 132.5 (60.8–246.0)

BUN, mg/dL 29.5 (19.5–44.6)

Creatinine, mg/dL 1.07 (0.62–1.90)

Albumin, g/dL 2.5 (2.2–2.7)

Lactate, mmol/L 2.0 (1.5–4.4)

C-reactive protein, mg/L 117.7 (68.4–189.0)

Procalcitonin, ng/mL 1.4 (0.3–4.3)

Pneumothorax 22 (18.5)

Tracheostomy 45 (37.8)

28-day mortality 45 (37.8)

Data are presented by numbers (%) or median (IQR) unless indicated otherwise.

IQR, interquartile range; BMI, body mass index; ILD, interstitial lung disease; CRRT, continuous renal
replacement therapy; AKI, acute kidney injury; APACHE II, Acute Physiology and Chronic Health
Evaluation II; SOFA, Sequential Organ Failure Assessment; SAPS II, simpli�ed acute physiology score
II; WBC, white blood cell; BUN, blood urea nitrogen

Factors And Outcomes Associated With Occurrence Of
Pneumothorax
In total, 22 patients (18.5%) developed pneumothorax during MV treatment, with the median time from
initiating ventilator management to development of pneumothorax being 8.0 days (IQR, 1.5–16.0).
Table 2 shows comparisons of associated factors and outcomes, according to occurrence of
pneumothorax. On univariate analysis, low body mass index (BMI), underlying airway disease, renal
failure requiring CRRT, low procalcitonin level, low SOFA score, and CMV antigenemia were associated
with the development of pneumothorax in patients with PCP and respiratory failure. However, there was
no signi�cant difference in MV parameters within 24 after MV initiation, including tidal volume, peak
pressure, and dynamic driving pressure. Peak pressure at three days after MV initiation and maximal
peak pressure seven days after MV initiation did not show statistical signi�cance between those with and
without pneumothorax. Furthermore, there was no signi�cant difference in proportion of patients who
had undergone tracheostomy and mortality rate, according to presence or absence of pneumothorax.
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Table 2
Comparison of characteristics according to occurrence of pneumothorax

  No
pneumothorax

Pneumothorax p-
value

Multivariate analysis

  N = 97 (81.5
%)

N = 22 (18.5%) OR (95% CI) p-
value

Median age, years 65.0 (55.0–
71.5)

64.5 (58.0–
72.0)

0.760 1.0 (0.958–
1.047)

0.949

Sex (male) 62 (63.9) 14 (63.6) 0.980 1.3 (0.440–
3.895)

0.628

Height, cm 163.0 (156.0–
169.5)

165.0 (156.8–
170.8)

0.415    

BMI, kg/m2 22.7 (20.5–
25.7)

20.8 (19.5–
23.0)

0.012 1.2 (1.011–
1.356)

0.035

Ever smoker 28 (28.9) 6 (27.3) 0.881    

Charlson Comorbidity Index 3 (2–4) 2 (2–3.5) 0.447    

Underlying disease          

Congestive heart failure 8 (8.2) 3 (13.6) 0.431    

Chronic lung disease - airway 5 (5.2) 4 (18.2) 0.037 0.2 (0.050–
1.160)

0.076

Chronic lung disease - ILD 17 (17.5) 5 (22.7) 0.553    

Chronic kidney disease 27 (27.8) 4 (18.2) 0.352    

Chronic liver disease 8 (8.2) 1 (4.5) 1.0    

Solid cancer 31 (32.0) 6 (27.3) 0.801    

Hematologic malignancy 20 (20.6) 2 (9.1) 0.360    

History of lung operation 8 (8.2) 5 (22.7) 0.063    

History of pneumothorax 0 (0) 1 (4.5) 0.185    

CRRT due to AKI 38 (39.2) 3 (13.6) 0.023    

Clinical parameters          

Data were presented by numbers (%) or median (IQR) unless otherwise indicated.

IQR, interquartile range; BMI, body mass index; ILD, interstitial lung disease; CRRT, continuous renal
replacement therapy; AKI, acute kidney injury; PaO2, partial pressure of arterial oxygen; FiO2, fraction
of inspired O2 concentration; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA,
Sequential Organ Failure Assessment; SAPS II, simpli�ed acute physiology score II; WBC, white blood
cell; BUN, blood urea nitrogen
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  No
pneumothorax

Pneumothorax p-
value

Multivariate analysis

  N = 97 (81.5
%)

N = 22 (18.5%) OR (95% CI) p-
value

WBC, x103/µL 9.9 (5.7–14.8) 11.5 (6.1–
22.4)

0.162    

Lactate, mmol/L 2.2 (1.5–5.1) 1.8 (1.4–2.1) 0.130    

C-reactive protein, mg/L 129.2 (69.9–
208.2)

100.5 (10.1–
160.2)

0.108    

Procalcitonin, ng/mL 1.5 (0.5–5.2) 0.3 (0.2–0.5) 0.008    

PaO2/FiO2 ratio 83.6 (66.7–
111.0)

79.4 (61.6–
101.1)

0.372    

APACHE II score 27 (21–32) 21 (18–32) 0.129    

SOFA score 8.0 (6.0–12.0) 7.0 (4.5–8.0) 0.003    

SAPSII 37.0 (30.0–
51.0)

35.0 (24.5–
45.0)

0.134    

Cytomegalovirus antigenemia 54 (55.7) 21 (95.5) < 
0.001

13.9
(1.737–
111.072)

0.013

Tracheostomy 34 (35.1) 11 (50) 0.192    

28-day mortality 38 (39.2) 7 (31.8) 0.521    

In-hospital mortality 68 (70.1) 17 (77.3) 0.502    

Mechanical ventilator
parameters

         

Respiratory rate, /min 20.0 (16.0–
24.0)

20.0 (18.0–
26.0)

0.379    

Tidal volume at admission day,
mL/kg

6.7 (6.1–7.6) 6.8 (6.2–7.5) 0.405    

Peak pressure at admission
day, cmH2O

25.0 (22.0–
30.0)

26.0 (22.8–
32.3)

0.420    

Data were presented by numbers (%) or median (IQR) unless otherwise indicated.

IQR, interquartile range; BMI, body mass index; ILD, interstitial lung disease; CRRT, continuous renal
replacement therapy; AKI, acute kidney injury; PaO2, partial pressure of arterial oxygen; FiO2, fraction
of inspired O2 concentration; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA,
Sequential Organ Failure Assessment; SAPS II, simpli�ed acute physiology score II; WBC, white blood
cell; BUN, blood urea nitrogen
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  No
pneumothorax

Pneumothorax p-
value

Multivariate analysis

  N = 97 (81.5
%)

N = 22 (18.5%) OR (95% CI) p-
value

Peak pressure at 3-day after
admission, cmH2O

26.0 (20.3–
30.0)

26.0 (21.0–
34.5)

0.357    

Maximal peak pressure,
cmH2O

29.0 (25.0–
34.0)

31.5 (26.0–
38.5)

0.205    

Positive expiratory end
pressure, cmH2O

7.0 (5.0–10.0) 5.5 (5.0–8.0) 0.069    

Dynamic driving pressure,
cmH2O

19.0 (15.0-
26.8)

17.0 (14.0–
22.0)

0.166    

Data were presented by numbers (%) or median (IQR) unless otherwise indicated.

IQR, interquartile range; BMI, body mass index; ILD, interstitial lung disease; CRRT, continuous renal
replacement therapy; AKI, acute kidney injury; PaO2, partial pressure of arterial oxygen; FiO2, fraction
of inspired O2 concentration; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA,
Sequential Organ Failure Assessment; SAPS II, simpli�ed acute physiology score II; WBC, white blood
cell; BUN, blood urea nitrogen

Age, sex, and variables related to pulmonary involvement, including BMI, underlying airway disease, and
CMV antigenemia, with a p-value < 0.05 in the univariate analysis were used in the multivariate analysis.
Low BMI (OR, 1.2; 95%67 CI, 1.011–1.356) and CMV antigenemia (OR 13.9; 95% CI, 1.737–111.072)
remained signi�cant risk factors in the multivariate analysis.

Prognosis Of Pcp And Associated Risks
The 28-day mortality rate was 62.2% (n = 45). The in-hospital mortality rate was 71.4% (n = 85). Patients
with renal failure requiring CRRT were at signi�cantly higher mortality(p = 0.001). High disease severity,
including high APACHE II score (p = 0.045), SOFA score (p < 0.001), and SAPS II (p = 0.015), was related to
poor outcomes in patients with PCP. Regarding MV parameters, the peak pressure three days after
admission (p = 0.003) and maximal peak pressure (p = 0.009) were higher in non-survivors than in
survivors. In the multivariate analysis, renal failure requiring CRRT (OR, 6.4; 95% CI, 1.905–21.835) and
peak pressure at three days after admission (OR, 0.849; 95% CI, 0.732–0.985) were signi�cantly
associated with poor prognosis in patients with PCP and respiratory failure. (Table 3)
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Table 3
Comparison of the characteristics between survivors and non-survivors

  Survivor Non-survivor p-
value

Multivariate analysis

  N = 74 (62.2
%)

N = 45
(37.8%)

OR (95% CI) p-
value

Median age 60.9 (57–72) 64 (55.5–
71.5)

0.587    

Sex (male) 48 (64.9) 28 (62.2) 0.771 1.158(0.423–
3.169)

0.775

Height, cm 164.0
(156.0–
170.0)

161.8
(156.0– 168)

0.616    

BMI, kg/m2 22.4 (20.4–
25.4)

22.1 (19.8–
24.1)

0.511    

Ever smoker 21 (28.4) 13 (28.9) 0.952    

Charlson Comorbidity Index 3 (2– 4) 3 (2– 5.5) 0.281    

Comorbidity disease          

Congestive heart failure 4 (5.4) 7 (15.6) 0.100    

Chronic lung disease - airway 4 (5.4) 5 (11.1) 0.296    

Chronic lung disease - ILD 15 (20.3) 7 (15.6) 0.521    

Chronic kidney disease 17 (23) 14 (31.1) 0.327    

Chronic liver disease 6 (8.1) 3 (6.7) 1.0    

Solid cancer 21 (28.4) 16 (35.6) 0.412    

Hematologic malignancy 12 (16.2) 10 (22.2) 0.413    

CRRT due to AKI 17 (23) 24 (53.3) 0.001 6.447(1.905–
21.835)

0.003

Clinical parameters          

WBC, x103/µL 10.8 (6.8–
15.7)

8.5 (4.0–
14.6)

0.070    

Hct, % 28.0 (24.9–
32.6)

25.6 (22.9–
29.6)

0.045    

Data are presented as numbers (%) or median (IQR) unless indicated otherwise.

IQR, interquartile range; BMI, body mass index; ILD, interstitial lung disease; CRRT, continuous renal
replacement therapy; AKI, acute kidney injury; APACHE II, Acute Physiology and Chronic Health
Evaluation II; SOFA, Sequential Organ Failure Assessment; SAPS II, simpli�ed acute physiology score
II; WBC, white blood cell; BUN, blood urea nitrogen
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  Survivor Non-survivor p-
value

Multivariate analysis

  N = 74 (62.2
%)

N = 45
(37.8%)

OR (95% CI) p-
value

Platelet, x103/µL 153.5 (79.5–
263)

79 (28–179) 0.001 1.000
(0.996–
1.004)

0.911

BUN, mg/dL 27.2 (18.6–
39.4)

35.2 (22.9–
52.0)

0.069    

Creatinine, mg/dL 1.1 (0.6–1.8) 1.1 (0.6–2) 0.810    

Albumin, g/dL 2.5 (2.3–2.7) 2.3 (2.0–2.6) 0.082    

Total bilirubin, mg/dL 0.5 (0.3–1.0) 0.9 (0.4–3.4) 0.019 0.744
(0.443–
1.249)

0.263

Sodium, mmol/L 135 (132–
138)

139.5
(132.8–
141.8)

0.248    

Potassium, mmol/L 4.4 (3.6–5.0) 4.4 (3.8–5.0) 0.855    

Lactate, mmol/L 1.8 (1.2–4.3) 3.1 (1.5–
13.1)

0.054    

Procalcitonin, ng/mL 1.4 (0.3–5.1) 1.4 (0.3–
10.9)

0.556    

C-reactive protein, mg/L 113.6 (50.4–
182.1)

137.9 (71.7–
227.8)

0.253    

APACHE II score 25 (19.0–
30.0)

28.5 (22.5–
37.0)

0.045 0.98 (0.913–
1.047)

0.519

SOFA score 7 (6–9) 10 (8–13) < 
0.001

1.03 (0.873–
1.342)

0.469

SAPS II 35.0 (27–
45.5)

44 (33–54) 0.015    

Pneumothorax 15 (20.3%) 7 (15.6%) 0.521    

Cytomegalovirus antigenemia 51 (68.9) 24 (53.3) 0.088    

Mechanical ventilator
parameters

         

Data are presented as numbers (%) or median (IQR) unless indicated otherwise.

IQR, interquartile range; BMI, body mass index; ILD, interstitial lung disease; CRRT, continuous renal
replacement therapy; AKI, acute kidney injury; APACHE II, Acute Physiology and Chronic Health
Evaluation II; SOFA, Sequential Organ Failure Assessment; SAPS II, simpli�ed acute physiology score
II; WBC, white blood cell; BUN, blood urea nitrogen
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  Survivor Non-survivor p-
value

Multivariate analysis

  N = 74 (62.2
%)

N = 45
(37.8%)

OR (95% CI) p-
value

Respiratory rate, /min 20 (16.0–
25.3)

20 (18.0–
24.0)

0.535    

Tidal volume at admission day,
mL/kg

380.0
(320.0–
400.0)

350 (300.0–
380.0)

0.831    

Peak pressure at admission
day, cmH2O

27.0 (20.8–
32.0)

26.0 (23.0–
33.0)

0.988    

Peak pressure at 3-day after
admission, cmH2O

25.0 (19.0–
31.3)

31.0 (27.0–
41.0)

0.003 0.85 (0.732–
0.985)

0.030

Maximal peak pressure, cmH2O 30.0 (24.5–
35.5)

36.0 (29.0–
42.0)

0.009 0.98 (0.846–
1.128)

0.977

Positive expiratory end
pressure, cmH2O

5.0 (5.0–8.0) 7.0 (5.0–
10.0)

0.328    

Dynamic driving pressure,
cmH2O

18.0 (14.8–
22.3)

17.0 (14.0–
22.0)

0.777    

Data are presented as numbers (%) or median (IQR) unless indicated otherwise.

IQR, interquartile range; BMI, body mass index; ILD, interstitial lung disease; CRRT, continuous renal
replacement therapy; AKI, acute kidney injury; APACHE II, Acute Physiology and Chronic Health
Evaluation II; SOFA, Sequential Organ Failure Assessment; SAPS II, simpli�ed acute physiology score
II; WBC, white blood cell; BUN, blood urea nitrogen

Final Prognosis Of Surviving Patients
Of 119 patients, 45 (37.8%) underwent tracheostomy due to weaning failure. The need for tracheostomy
for long term MV management did not signi�cantly differ between patients with- and without
pneumothorax (Table 2).

We further investigated on the 74 study patients who survived more than 28 days. Among them, 15
(20.3%) developed pneumothorax. There was no signi�cant difference in tracheostomy rates between
those with and without pneumothorax (Table 4). However, patients without pneumothorax were
signi�cantly more successful in weaning from MV than were patients with pneumothorax (44% vs. 13.3%,
p = 0.037). The ICU length of stay was also longer in patients with pneumothorax, although there was no
statistically signi�cant difference (p = 0.068). Patients with PCP and pneumothorax were signi�cantly
associated with a poor prognosis, with a mortality of 33.3% (p = 0.048), and only two patients (13.3%)
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were eventually discharged home, compared to 25 (51.0%) successful home discharges among patients
without pneumothorax (p = 0.010, Table 4).

Table 4
Clinical prognosis in patients with 28-day survival (n = 74)

  No pneumothorax Pneumothorax  

  N = 59 (79.7) N = 15 (20.3) p-value

Tracheostomy 29 (49.2) 9 (60) 0.453

Ventilator weaning 26 (44) 2 (13.3) 0.037

ICU length of stay 18 (12–40) 32 (24–58) 0.068

Survivors 29 (49.2) 5 (33.3) 0.048

Discharge to home 25 (51.0) 2 (13.3) 0.010

Data are presented as numbers (%) or median (IQR) unless indicated otherwise. ICU, intensive care
unit

Discussion
This study described the incidence and related factors of pneumothorax in patients with PCP and their
prognosis. In addition, we analyzed survival outcomes in patients with PCP and acute respiratory failure.
The development of pneumothorax in PCP was not associated with increased 28-day mortality; however,
patients with pneumothorax had di�culty and prolonged MV weaning. Among several factors, CMV co-
infection was associated with the development of pneumothorax.

There are several complications associated with PCP [11]. Among them, pneumothorax occurs with
prevalence of 5–20% [12], and is known to occur frequently in patients with conditions leading to
increased intrathoracic pressure, including airway disease and interstitial lung disease [7]. Pneumothorax
is also a common complication during ventilator treatment, with a reported incidence of 4–15% [13–15].
Patients with acute respiratory distress syndrome are more vulnerable to the occurrence of
pneumothorax, with further higher risks in patients with underlying lung disease, than those who do not
have this syndrome [16]. In our study population of patients with acute respiratory failure requiring MV
care, which is a risk factor for pneumothorax [17], the incidence of pneumothorax was 18.5% (22/119),
which is high. Furthermore, underlying lung diseases, including airway disease and interstitial lung
disease, showed relation to increased occurrence of pneumothorax in the univariate analysis, in
accordance with a previous report [18].

We found that there were no signi�cant differences in MV parameters between the patients with- and
without pneumothorax. Some studies showed that ventilator parameters, such as peak airway pressure,
tidal volume, and PEEP, had no correlation with increased risk of pneumothorax [19–21], although earlier
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studies had reported relevance [22]. Miller et al reported that protective lung strategies had an effect on
decreasing barotrauma [23]. We had managed patients with tidal volumes of 6–7 mg/kg and peak
pressures lower than 35 cmH2O, according to the lung protective strategy [24]. We showed that respiratory
mechanics did not signi�cantly affect the development of pneumothorax in patients with PCP when this
lung protective strategy was applied. Furthermore, in one study, Boussarsar et al. said that barotrauma
during MV care was more strongly associated with underlying lung conditions and compliance than with
MV parameters [25].

In immunocompromised patients, PCP commonly presents with co-infection of other pathogens,
especially CMV [26]. The reports on effect and outcome of CMV co-infection with PCP are controversial
[27, 28], although there are several researches stating that concurrent infection of CMV is related to
increased mortality and poor prognosis [29, 30]. Our study showed that CMV antigenemia was not
associated with a high mortality rate; however, patients with CMV antigenemia were signi�cantly
associated with increased occurrence of pneumothorax. In our study populations, the effect of CMV
reactivation on PCP prognosis is meaningful because the seropositivity of CMV in Koreans was reported
as high as 94.1% [31]. Cook et al. suggested that CMV reactivation could cause abnormal
cytokine/chemokine expression, resulting in pulmonary �brosis in an animal model [32]. In one prior
research on histopathological �ndings in 12 deceased patients with PCP, three had evidence of CMV co-
infection, and two of them presenting with pulmonary �brosis [33]. Furthermore, structural changes in
lung parenchyma, including �brosis, is one of proposed mechanisms of pneumothorax and increases
vulnerability to the occurrence of pneumothorax [34].

Occurrence of PCP in patients without HIV has poorer progress and higher mortality than that in patients
with HIV [35]. In our study, the in-hospital mortality rate was high at 71.4%, will only 28 patients (23.5%)
achieving MV weaning. Pneumothorax in patients with PCP with- or without HIV was di�cult to treat and
had a worse prognosis than pneumothorax from other etiologies [9, 17, 36]. However, in our study, the
development of pneumothorax was not associated with increased mortality. In a previous study, acute
respiratory failure requiring invasive MV was found to be a risk factor for increased mortality; therefore,
the effect of pneumothorax was likely to be lessened because all patients enrolled our study already had
respiratory failure [35]. However, we found that development of pneumothorax in patients with PCP who
required invasive MV procedures made weaning di�cult.

Our study had several limitations. First, this study was retrospectively conducted at a single center.
However, we enrolled a large number of patients with PCP and respiratory failure without HIV requiring
invasive MV procedures. Furthermore, since all enrolled patients were applied MV, the bias of applying MV
could be reduced. Second, we did not acquire microbiological �ndings from patient samples for
diagnosis of PCP but only diagnosed via P. jirovecii PCR assays. However, the sensitivity and speci�city
of this assay for detecting P. jirovecii were comparable to those of microscopic staining [37]. Furthermore,
we included only patients who were treated for PCP with typical symptoms of pneumonia and
characteristic radiological �ndings. Third, in patients discharged to long-term outpatient care after
survival, it was not possible to investigate �nal success of MV weaning.
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Nevertheless, our study also had some strengths. We analyzed a large number of patients with PCP and
acute respiratory failure, and found related factor of pneumothorax. ICU clinicians might predict that
patients with PCP and CMV antigenemia have increased risk of pneumothorax. Additionally, development
of pneumothorax in patients with PCP could be a predictive factor of delayed MV weaning and poor �nal
outcome. These results could be helpful to the real clinical �eld ICU clinician. However, further prospective
studies are needed to validate our �ndings.

The results of this study suggest that pneumothorax development in patients with PCP and acute
respiratory failure was not associated with increased 28-day mortality. However, patients with PCP who
develop pneumothorax might have di�culty and delayed weaning from MV. Concomitant CMV
antigenemia could be a predictive factor for pneumothorax occurrence. Therefore, clinicians need to
closely observe the occurrence of pneumothorax in patient with PCP and CMV antigenemia and should
anticipate that MV weaning may be di�cult in such patients.
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Figure 1

Flow diagram representing patient enrollment ICU, intensive care unit, PCP, Pneumocystis jirovecci
pneumonia


