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Abstract

Necrotizing pneumonia (NP) is an emerging complication of community

acquired pneumonia (CAP) in children. This study aimed at the evaluation

of etiology, clinical features, treatment, and prognosis of NP. The institu-

tional database of children with CAP treated between April 2008 and July

2013 was searched to identify children with NP. Then, data on the NP

characteristics were retrospectively reviewed and analyzed. We found that

NP constituted 32/882 (3.7 %) of all CAPs. The median age of children

with NP was 4 (range 1–10) years. The causative pathogens were identified

in 12/32 children (37.5 %) with Streptococcus pneumoniae being the

most common (6/32). All but one patient developed complications:

parapneumonic effusion (PPE), pleural empyema or bronchopleural fistula

(BPF), which required prompt local treatment. The median duration of

hospital stay and antibiotic treatment was 26 (IQR 21–30) and 28 (IQR

22.5–32.5) days, respectively. Despite severe course of the disease no

deaths occurred. A follow-up visit after 6 months revealed that none of

the patients presented with any signs and symptoms which could be related

to earlier pneumonia. Chest radiographs showed complete or almost

complete resolution of pulmonary and pleural lesions in all patients.

We conclude that necrotizing pneumonia is a relatively rare but severe

form of CAP that is almost always complicated by PPE/empyema and/or

BPF. It can be successfully treated with antibiotics and pleural drainage

without major surgical intervention.
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1 Introduction

Necrotizing pneumonia (NP) is one of the most

severe complications of community acquired

pneumonia (CAP) in children. Although the

number of patients with NP is relatively low, an

increasing incidence of this form of pneumonia

has been reported in the last decades (Lemaı̂tre

et al. 2013; Bender et al. 2008; Sawicki

et al. 2008; Hsieh et al. 2004). The key pathologic

feature of NP, i.e. lung necrosis, is caused by

toxins produced by invasive bacterial strains and

secondary vascular changes, including vasculitis

and intravascular thrombosis (Hsieh et al. 2006).

Streptococcus pneumoniae and Staphylococcus

aureus are the main etiologic factors of NP in

children (Lemaı̂tre et al. 2013; Sawicki

et al. 2008; Ramphul et al. 2006). Albeit NP can

present with highly variable clinical course, the

majority of children demonstrate severe disease

with high, prolonged fever, dyspnea, and clinical

and radiological signs of extensive consolidation

of lung parenchyma. In a high percentage of

children, NP is complicated by parapneumonic

effusion (PPE)/empyema, bronchopleural fistula

(BPF), septicemia, and respiratory failure. Thus,

the disease requires aggressive, systemic and

local treatment.

Since NP is relatively uncommon, our knowl-

edge on the entity is based mainly on case reports

and small series (Hasan et al. 2011). The number

of publications reporting large series is low

(Sawicki et al. 2008) and only one larger

European study was published to date (Lemaı̂tre

et al. 2013). Therefore, we undertook this study to

evaluate the etiology, clinical features, treatment

strategies, and prognosis of NP in children man-

aged in the largest referral children’s pneumology

center in the capital city of Warsaw, Poland.

2 Methods

The study protocol was accepted by the institu-

tional Review Board of Medical University of

Warsaw, Poland. The children with NP aged

from 1 month to 18 years, treated in a tertiary

referral center from April 2008 to July 2013 were

included in the study. The cases of NP were

selected from a specific electronic database of

patients with pneumonia which has been running

in our institution since 2003. Numerous clinical,

laboratory, and radiological data of all patients

have been prospectively collected during

patient hospitalization and follow-up. To select

a study group, an initial search of database was

performed with the identification of all patients

suspected to have NP. Then, plain chest radio-

graphs and thorax CT scans of the selected

patients were reviewed by two study clinicians

(KK, MS). NP was diagnosed in case of typical

radiological pattern in a patient with signs and

symptoms of pneumonia. Radiographic criteria

for NP were as follows: areas of parenchymal

consolidation, lucencies within the area of consol-

idation and multiple thin-walled cavities (Hodina

et al. 2002). Data on etiology (based on the results

of blood and pleural fluid culture), prior medical

history, clinical features (fever, tachypnea, cough,

chest pain, and abdominal pain), physical exami-

nation, treatment strategies (systemic antibiotic

and local treatment), and outcome were collected

from electronic databases and completed from

medical records, when necessary. The results

of the study were summarized by standard

descriptive statistics. A nonparametric Mann-

Whitney U test or Fisher exact test were used to

assess the difference between quantitative vari-

ables in different groups. A p-value <0.05 was

regarded as significant.
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3 Results

Eight hundred eighty two children with CAP

were hospitalized in our institution during the

study period. One hundred ninety eight

(22.4 %) of them had complicated pneumonia

(PPE/empyema, lung abscess, or NP). Necrotiz-

ing pneumonia was diagnosed in 32 patients and

these children were selected as the study group.

Thus, the rate of NP among all CAP patients

requiring hospital admission was estimated as

3.7 %. The annual number of patients with NP

treated in our center ranged between 4 (2010)

and 11 (2009).

The study group included 18 girls and 14 boys;

median age 4 years (range between 1 and

10 years). Twenty six children with NP were

previously treated in other hospitals and trans-

ferred to our referral center because of disease

progression or its complications. Comorbidities

or underlying diseases were found in seven

patients, while the remaining children were other-

wise healthy. There were no children with primary

or secondary immunodeficiency. Two children

had viral infection prior to NP. The most common

symptoms on admission were fever, tachypnea,

and cough. The median duration of fever before

hospital admission and during hospital treatment

was 6 days (range 1–10 days) and 9 days (range

0–22 days), respectively. Detailed data onmedical

history and clinical presentation of NP are

summarized in Table 1.

In all children, areas of lung consolidation,

lucencies within consolidation areas and

multiple thin–walled cavities were identified in

plain chest radiograph or CT scans. In 18 and

10 children the abnormal radiographic appear-

ance was limited to the right and left lung,

respectively, while 4 patients presented with

bilateral lung involvement. Pleural effusion was

revealed in 31 patients and pneumothorax in

2 cases (Figs. 1 and 2).

The results of laboratory tests on admission

are presented in Table 2.

There were significantly elevated acute phase

reactants, with the median CRP value of

18.2 mg/dl (normal range <1 mg/dl) (IQR

15.2–24.1). The median WBC count was

21.3 � 109/L (IQR 17.7–25.2) with the polymor-

phonuclear cell predominance. Anemia was a

common laboratory finding (median Hb concen-

tration – 89.0 g/L, IQR 84.0–99.0 g/L). Fourteen

children (43.8 %) required packed red blood cell

transfusion. One child had a reduced platelet

count, while the remaining children presented

Table 1 Selected clinical data on patients with NP (n ¼ 32)

Medical history n (%)

Viral infection prior to NP 2 (6.25 %)

Tonsillar hypertrophy 2 (6.25 %)

Asthma 2 (6.25 %)

Systemic hypertension and obesity 1 (3.13 %)

Recurrent upper respiratory tract infections 1 (3.13 %)

Congenital heart disease (atrial septal defect) 1 (3.13 %)

Clinical presentation

Fever on admission 30 (93.75 %)

Tachypnea 28 (90.3 %)

Cough 24 (77.4 %)

Abdominal pain 14 (45.2 %)

Chest pain 11 (36.6 %)

Physical examination

Dullness to percussion 30 (93.8 %)

Decreased breath sounds 30 (93.8 %)

Crackles 20 (62.5 %)

Bronchial breath sounds 7 (21.9 %)
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with thrombocytosis (median platelet count

818.5 � 109/L, (IQR 557.3–1069.3)). There

was a significant percentage of children with

declined total serum protein and albumin con-

centration (56.3 % and 84.4 %, respectively).

All children had blood culture taken on

admission. In 20 children, additional blood

culture results from regional hospitals were

available for analysis. Microbiological studies

of pleural fluid were performed in all 31 patients

presenting with pleural effusion. Positive

results of blood and pleural fluid analysis were

found in only 6 (18.8 %) and 7 (22.5 %) children,

respectively. Ultimately, blood and pleural fluid

cultures enabled identification of the pathogens

responsible for NP in 12 patients (1 patient had

both blood and pleural fluid cultures positive).

The most commonly identified species was

Streptococcus pneumoniae (n ¼ 8), followed by

Staphylococcus aureus (n ¼ 2), Streptococcus

milleri (n ¼ 1), Staphylococcus epidermidis
(n ¼ 1) and Stenotrophomonas maltophilia

(n ¼ 1). All Streptococcus pneumoniae strains

were susceptible to penicillin and Staphy-
lococcus aureus strains were sensitive to methi-

cillin (MSSA).

In all children, antibiotic therapy had been

initiated before admission to the referral center.

Amoxicillin, ampicillin, amoxicillin/clavulanic

acid and cefuroxime were most commonly

applied as the first line of treatment. There was

no difference between the duration of pre-

admission antibiotic therapy in children treated

at home (median 3 days; IQR 1.75–4.25) and

transferred from other hospitals (median 3 days;

IQR 2–6). Due to prolonged symptoms, the

Fig. 1 Plain chest radiograph. Extensive consolidation
with multiple irregular lucency areas in the middle and

lower field of the left lung

Fig. 2 Thorax computed tomography. Consolidation
of the left lower lobe with multiple air filed cavities

Table 2 Selected laboratory results in children with NP, data presented as median and IQR

Laboratory test Result Normal range

CRP (mg/dl) 18.2 (15.2–24.1) <1.0

WBC (� 109/L) 21.3 (17.7–25.2) 4.5–13

Hemoglobin (g/dl) 8.9 (8.4–9.9) 10.9–14.2

Neutrophils (%) 70 (47.4–95.6) Age-dependent

Platelets (� 109/L) 818.5 (557.3–1069.3) 150–400

Total serum protein (g/L) 53.0 (49.0–58.0) 60.0–80.0

Serum albumin (g/L) 25 (23.5–27.5) 35.0–52.0
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initial therapy was switched to the second-line

antibiotic treatment in all patients after admission

to our center. The second-line therapy included

cefotaxime, ceftriaxone, clindamycin, vanco-

mycin, and carbapenems. At least a two drug-

regimen was used in all patients. The median

duration of antibiotic treatment was 28 days

(IQR 22.5–32.5). All but one patient had NP

associated complications with PPE/empyema

being the most common (Table 3).

Thus, 31 children required additional local

treatment (see below). The results of pleural

fluid analysis are summarized in Table 4.

Two children only required therapeutic thora-

centesis, while in 29 (93.5 %) children the chest

tube insertion and pleural drainage were neces-

sary. Due to inadequate pleural fluid drainage

one patient was subsequently treated with

video- assisted thoracoscopic surgery (VATS).

Intrapleural fibrynolitic treatment with urokinase

was applied in 25 (78.1 %) children. The median

duration of pleural drainage was 8.6 days (IQR

6–11.25, range 2–27).

In two children with PPE/pleural empyema

small/medium pneumothorax (pyopneumothorax)

was found. Neither of them demonstrated an air

leak after the chest tube insertion and both were

successfully treated with pleural drainage.

Eight children (25 %) with PPE/empyema

developed signs of BPF during treatment

with pleural drainage. In all these patients,

spontaneous healing of BPF was achieved and

none of the children required surgical treatment.

The median duration of air leak was 10.5 days

(IQR 7–17, range 5–20). The duration of pleural

drainage in children with BPF was significantly

longer than in children without BPF (16 vs.
7 days, p < 0.001).

No deaths occurred in the study group.

The duration of hospital stay ranged between

13 and 44 days (median 26). All children had

follow-up visits 1 and 6 months after hospital

discharge. At the first visit, physical examination

revealed asymmetry of the chest and decreased

breath sounds in the previously affected areas in

10 (31.3 %) and 14 (45.2 %) children, respec-

tively. Chest radiographs showed residual

pulmonary and pleural lesions in all patients.

Five months later, none of the children revealed

any abnormality on physical examination.

Moreover, in all patients chest radiograph

showed complete or almost complete resolution

of pulmonary and pleural lesions.

4 Discussion

Our study of 32 patients with NP showed that this

entity affects mainly immunocompetent children

with no underlying disorders and the most

common causative organism is Streptococcus

pneumoniae. The clinical course of NP is usually

complicated by PPE/empyema, BPF, and pneu-

mothorax. Nevertheless, NP can be successfully

treated with antibiotics and pleural drainage.

Although pneumonia with associated lung

necrosis was reported as early as in the nineteenth

century, the first detailed description of four

pediatric cases of NP caused by Streptococcus

pneumoniae was published only 20 years ago

(Kerem et al. 1994). Since then, a significant

increase in the incidence of this entity has been

reported (Lemaı̂tre et al. 2013; Bender et al. 2008;

Sawicki et al. 2008; Hsieh et al. 2004). Bender

et al. (2008) have found a more than five-fold

increase in the incidence of NP caused by Strep-
tococcus pneumoniae between 1997–2000 and

2000–2006. An increasing incidence (two-fold)

of NP caused by Streptococcus pneumoniae was

Table 3 Complications of NP

Complications of NP n (%)

Parapneumonic effusion/empyema 31 (96.9 %)

Bronchopulmonary fistula 8 (25 %)

Pneumothorax 2 (6.25 %)

Mortality 0 (0 %)

Table 4 Pleural fluid characteristics; data presented as

median and IQR

pH 7.3 (7–7.5)

Specific gravity 1.020 (1.015–1.020)

Protein concentration (g/L) 38.0 (34.5–44.0)

Lactate dehydrogenase (U/l) 8670 (2827.5–14253.5)

Glucose (mg/dl) 50 (32–55)
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also reported in a Taiwan study covering the

period from 2001 to 2010 (Hsieh et al. 2011).

The incidence of NP shows seasonal variations.

The majority of cases in our study were diagnosed

during the fall and winter seasons (15 and

12 cases, respectively). Substantial year-to-year

variations in the number of new cases were also

found with an unexpectedly high number of chil-

dren with NP (11) in 2009. It might be speculated

that this was related to influenza A [H1N1]

pandemic occurring in the same period of time.

A similar observation was noticed by Lemaı̂tre

et al. (2013).

Streptococcus pneumoniae is regarded as the

most common etiologic factor of NP in children

(Tsai and Ku 2012; Ramphul et al. 2006;

Hacimustafaoglu et al. 2004). Sawicki

et al. (2008) have been able to establish the

etiology of NP in 38 (48 %) of 80 children treated

in a Children’s Hospital in Boston, MA.

Streptococcus pneumoniae was responsible for

18 (22 %) of all cases and for 47.4 % of cases

with known etiology. In the present study, the

causative organism was identified in 12 children

(37.5 %), and pneumococcal predominance was

even more significant. Streptococcus pneu-

moniae was diagnosed as the etiologic factor in

more than 58 % of children with NP of known

etiology.

On the other hand, the increasing incidence

of NP caused by other organisms has also been

demonstrated. This was the case in the study

by Sawicki et al. (2008), where methicillin

resistant Staphylococcus aureus, and Strepto-

coccal spp. such as S. milleri were increasingly

identified during the study period (1990–2005).

In our study, Staphylococcus aureus was respon-

sible for two cases of NP and both strains were

sensitive to methicillin. In a recently published

French study which included 41 children the

etiology of NP was established in 51 %

(21 cases). The most common cause of NP was

Staphylococcus aureus (13 cases, 61.9 %).

All Staphylococcus aureus strains encoded

genes of Panton –Valentine leucocidin and all

but one were sensitive to methicillin (Lemaı̂tre

et al. 2013). Other organisms were also

incidentally isolated from patients with NP.

Those included Pseudomonas aeruginosa,
Fusobacterium spp., Streptococcus pyogenes,

Staphylococcus epidermidis (Lemaı̂tre

et al. 2013; Sawicki et al. 2008). Among atypical

bacteria, Mycoplasma pneumoniae seems

responsible for rare cases of NP in children

(Wang et al. 2004; Wong et al. 2000). Anaerobic

bacteria are considered to play a synergistic role

in causing NP, but this data come from adult NP

cases (Tsai and Ku 2012; Palmacci et al. 2009).

Necrotizing pneumonia should be suspected

in all severely ill children with prolonged fever

and significantly elevated serum inflammatory

markers. Imaging studies, including chest radio-

graph, and CT scan play a crucial role in the

diagnosis of NP. This, in particular, refers to

the chest CT scan, which can show necrotizing/

cavitary lesions not visible in plain chest

radiographs. Thus, CT scan is regarded as the

most sensitive diagnostic tool in patients with

NP (Tsai and Ku 2012; Sawicki et al. 2008).

On the other hand, justification to perform thorax

CT scan in all children with cavities in a con-

solidated lung, a typical appearance of NP seen

in the chest radiograph, might by a matter of

controversy. It seems that in the era of increasing

awareness of radiographic and clinical features

of NP, initial chest CT scan is not always a

necessary prerequisite for the adequate treat-

ment. This is of particular importance in view

of the fact that a significant proportion of chil-

dren may require subsequent thorax CT scanning

due to systemic or local treatment failure.

Repeated thorax CT imaging may result in

increased radiation exposure.

Despite the undeniable progress in the treat-

ment of NP, controversies regarding the most

effective treatment strategies still exist. As to

date, no randomized trial comparing different

treatment modalities have been performed.

Data on treatment efficacy come exclusively

from observational studies. Due to a significant

variability in the natural course of NP, including

its local complications, comparison of the effec-

tiveness of different therapeutic regimens is

particularly difficult. Intravenous antibiotics are

the cornerstone of the effective treatment.

In nearly all cases empirical antibiotic therapy

14 K. Krenke et al.



is initially administered. The choice of

antibiotics should be based on local epidemio-

logical and microbiological data. Positive

results of the microbiological studies identifying

etiological factors might be expected only in

11–51% of patients (Lemaı̂tre et al. 2013; Sawicki

et al. 2008; Hacimustafaoglu et al. 2004; Wong

et al. 2000). In our study, this was the case in

12 (37.5 %) of patients. These results should be

used as a guide for further antibiotic treatment.

Nevertheless, we did not find differences in the

outcome measures in children in whom the

causative pathogen was identified and those in

whom it was not. Prolonged antibiotic treatment

is recommended. In our study, themedian duration

of antibiotic therapy was 28 days. Similar

duration was reported by other authors (Sawicki

et al. 2008). Broad-spectrum penicillins, second

or third generation of cephalosporins, clinda-

mycin, and vancomycin have been the most com-

monly used.

Necrotizing pneumonia in children is

associated with a very high risk of local complica-

tions. In our study, PPE, or pleural empyema

were found in as many as 31/32 (97 %) of all

patients. The incidence of pleural effusion

reported in other studies has been as similar

and ranged between 63 and 94 % (Lemaı̂tre

et al. 2013; Hacimustafaoglu et al. 2004). Thus,

it might be stated that pleural complications

belong to the typical clinical characteristics of

the disease. Treatment of NP associated pleural

effusion does not differ from that presented in the

guidelines on management of pleural effusion/

empyema and include therapeutic thoracentesis,

pleural drainage (with or without intrapleural

instillation of fibrynolytic agents) and VATS

(Balfour-Lynn et al. 2005). The choice between

these methods is mainly based on illness severity

and local anatomical conditions (pleural fluid

volume, its location, the presence of adhesions,

etc.). However, personal and hospital experience

is an important factor affecting the management

strategy. Although an early VATS is certainly

justified in some patients’ management, pleural

drainage with chest tube (with or without

intrapleural fibrinolytics) is probably a sufficient

therapeutic option in the vast majority of children.

This was shown in our study. Pleural drainage was

applied in 28/32 (87.5 %) of our patients and it

was shown to be an effective method of treatment

in 27 (96.4 %) of them. None of our patients was

primarily scheduled for VATS, and only one

patient required surgical intervention when local

treatment with pleural drainage failed. As NP is a

relatively rare condition, no randomized trial com-

paring the treatment efficacy of pleural drainage

or pleural drainage plus intrapleural fibrinolitics

vs. VATS has been published to-date. This is not

surprising in the context of only several rando-

mized studies comparing the efficacy of these

methods in all children with PPE/pleural

empyema (Krenke et al. 2010). The second most

common local complication of NP is BPF.

The incidence of BPF has been reported

between 15 and 67 % (Sawicki et al. 2008;

Hacimustafaoglu et al. 2004). In our study, BPF

was diagnosed in 8/32 (25 %) of children.

Interestingly, pneumothorax was not revealed in

the chest radiograph taken before chest tube inser-

tion in any of these children, and in all eight

patients BPF developed during pleural drainage

applied to treat PPE/empyema. It should be noted

that the incidence of BPF has been associated

with the duration of pleural drainage (Sawicki

et al. 2008). Thus, the duration of pleural drainage

is a risk factor for the development of BPF and

the chest tube inserted to treat PPE/empyema in

children with NP should be removed as early as

possible and prolonged pleural drainage in these

patients should be avoided. Likewise, the present

study showed that the duration of pleural drainage

in children with BPF was significantly longer than

that in children without BPF. The duration of

air leak ranged between 5 and 20 days and the

hospital stay was significantly longer in children

with BPF than without it. In all our patients, BPF

healed spontaneously during pleural drainage and

none of these children required surgical interven-

tion. This is consistent with the observations of

other authors (Sawicki et al. 2008). It might be

speculated that adequate systemic (antibiotics)

and local treatment (pleural drainage) result in

BPF healing and its closure.

Our analysis confirms the observations of

other centers that despite severe clinical course
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of NP in children, the prognosis is good.

No deaths occurred in our study group. Likewise,

favorable outcome has been demonstrated in

three other respective large series which included

80, 41, and 21 patients (Lemaı̂tre et al. 2013;

Sawicki et al. 2008; Wong et al. 2000). However,

as some fatal cases have been also reported, one

should be aware of the risk of death due to NP

(Al-Saleh et al. 2008; Hacimustafaoglu

et al. 2004). Li et al. (2011) have reviewed the

factors associated with increased risk of fatal

outcome in patients with community-acquired

NP caused by Staphylococcus aureus and found

that influenza-like symptoms, hemoptysis, and

leucopenia are the predictors of unfavorable

prognosis. As adolescent patients represented

only 10 % of the study group, these findings

should not be directly extrapolated to the entire

pediatric population.

There are data suggesting that early surgical

resection of the affected lung might be

associated with less favorable outcome.

In a study by Westphal et al. (2010), the

mortality rate in 20 children who underwent

surgical intervention was as high as 20 %.

A high percentage of complications after

surgery was also reported with BPF being the

most common (4 children – 20 %). Further

studies on the relationship between surgical

lung resection and outcome in children with

NP are warranted. According to some larger

series, including the present study group,

adequate conservative treatment results in a

very low mortality rate; surgical lung resection

should thus be limited to a very small number of

carefully selected cases.

To conclude, the present study shows that

NP affects mainly immunocompetent children

with no underlying disorders and the most

common causative organism is Streptococcus

pneumoniae. Although, the clinical course of

NP is usually complicated by PPE/empyema.

BPF and pneumothorax, the entity and its

complications can be successfully treated with

antibiotics and pleural drainage without major

surgical intervention.
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