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ABSTRACT: Necrotizing pneumoniae (NP) is a serious complication of community acquired 

pneumonia. Streptococcus pneumoniae is the most common cause of NP. Contrast-enhanced 

computerized tomography (CT) is more sensitive than plain radiographs for detecting suppurative 

complications of pneumoniae. NP requires a prolonged course of antimicrobial therapy, usually starting 

by the parental route. We present a case-series of 4 pediatric cases of NP, comparing the observed 

data with those described in the current literature. The clinical presentation and laboratory examinations 

were consistent with those reported in the literature. In most of our cases we made the diagnosis with 

contrast-enhanced computed tomography, however recent advances in magnetic resonance imaging 

sequences and protocols have made it a viable alternative for the diagnosis, as shown in 1 of our 

patients. As suggested by literature, the initial empiric therapy was broad-spectrum modified with a 

targeted therapy according to the antibiogram. There are only few studies that have evaluated long-

term follow-up in patients who had NP. Lung function tests were initially altered in 2 out of 4 patients 

and chest x ray normalized in 6 months at maximum in all the 4 patients. 2 cases out of 4 underwent 

magnetic resonance imaging (MRI) after 10 months from the discharge. In both cases it showed 

persistent minimal residual signs of previous NP. We conclude that early diagnosis and adequate 

therapy are essential to prevent severe consequences and impairment of lung function. More studies 

are needed to define the follow-up, as early pneumonia could be a risk factor for impaired pulmonary 

function in adulthood. 

 

ABBREVIATIONS 

  

CAP: Community Acquired Pneumonia   

CCAP: Complicated Community Acquired Pneumonia 

CPAP: Continuous Positive Airway Pressure  

CRP: C-Reactive Protein  

CT: Computerized Tomography 

ECG: Electrocardiogram  

ED: Emergency Department   

HFNC: High Flow Nasal Cannula 

MM: Millimeters     

MRI: Magnetic Resonance Imaging   

MRSA: Methicillin Resistant Staphylococcus Aureus  

NP: Necrotizing Pneumoniae  
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PICU: Pediatric Intensive Care Unit   

TPR: Total Pulmonary Resistance  

US: Ultrasound  
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Introduction 

Necrotizing pneumoniae (NP) is a serious complication of community acquired pneumonia (CAP) 

which consists in destruction and necrosis of lung parenchyma and formation of cavities containing 

pus, necrotic material and air.(1). Although this complication rarely occurs in children, it may be 

associated with significant morbidity. A complicated CAP (CCAP) has to be suspected in all children 

with CAP who are not responding to conventional therapy. 

Streptococcus pneumoniae (especially Serotype 3 and Serogroup 19) is the most common cause of 

necrotizing pneumoniae. Other frequent bacteria involved are methicillin resistant Staphylococcus 

aureus (MRSA), group A Streptococcus, Mycoplasma pneumoniae and Legionella. Another 

infectious cause of NP can be Aspergillus. (2–4) Rarely also Pseudomonas aeruginosa CAP evolves 

in NP(5).  

Contrast-enhanced computed tomography (CT) is more sensitive than plain radiographs for 

detecting suppurative complications of pneumonia and it’s helpful in differentiating necrotizing 

lesions from pulmonary abscesses, which require different management. 

NP requires a prolonged course of antimicrobial therapy, usually starting by the parental route. If not 

adequately treated, necrotizing pneumoniae may lead to severe complications such as 

bronchopleural fistula, empyema, respiratory failure, and septic shock, especially in particular group 

of children with chronic conditions such as immunodeficiencies, malnutrition, chronic lung diseases, 

and cystic congenital thoracic malformations. (6)  

We hereby present a case-series of 4 pediatric cases of necrotizing pneumoniae, highlighting the 

diagnostic algorithm. Three children were previously healthy, while one of them was diagnosed with 

Down Syndrome.  

 

Case 1  

A previously healthy 8-year-old male from Italy presented at the emergency department (ED) 

complaining of fever, cough and right-chest pain for five days. At first clinical evaluation the patient 

was well appearing, eupneic, with no signs of respiratory distress. Auscultation of his chest didn’t 

reveal pathological sounds. Blood exams and blood culture were performed. Laboratory values of 

significance included a slight neutrophilic leukocytosis (total white blood cell count of 14,920/mmc 

with 63.1% of neutrophils) with increase in c-reactive protein (CRP) levels (105.9 mg/L with normal 

values below 10 mg/L). Venous blood gas electrolytes and basic blood chemistry were normal. 

Electrocardiogram (ECG) was unremarkable. A chest x-ray showed right subclavicular pulmonary 

thickening with suspected air-fluid level (Fig. 1). Contrast-enhanced chest CT revealed rounded focal 

lesion of the right upper lobe of about 35 millimeters (mm) in diameter characterized by a necrotic 

central component and by a thin border of consolidated lung, as in necrotizing pneumonia, with 

millimetric gaseous components in the context; modest "glass" consolidation alterations of the 

adjacent parenchyma and thickening of the interlobular septa; minimum thickening of the lesser 

fissure and superior blade of the greater fissure and multiple reactive lymph nodes (Fig. 2).  
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Given the clinical history and the CT findings, the patient was admitted to our inpatient unit. 

Microbiological investigations such as blood culture, sputum culture and nasopharyngeal aspirate 

were performed and intravenous antibiotic therapy with ampicillin sulbactam was initiated. Tuberculin 

skin test and quantiferon were negative. 

A pansusceptible Streptococcus pneumoniae was isolated from the sputum culture, while the blood 

culture showed a negative result. On the fourth day of hospitalization given the persistence of fever 

with elevated level of CRP, the antibiotic therapy was modified with clindamycin and piperacillin 

tazobactam, in order to have better synergisitic acitivity towards MRSA, gram negative and 

anaerobic bacteria.  

Thereafter, a good clinical and laboratory response were observed. The antibiotic therapy was 

continued intravenously for 14 days. A chest x-ray before discharge showed reduction of the 

thickening in the right upper field. After 18 days of hospitalization the patient was discharged.  

 

Clinical and imaging follow-up 

After 1 month from the discharge the patient still complained reduced tolerance to exercise. At 6 

months exercise symptoms resolved. Respiratory function tests with plethysmographic technique 

performed after 1 month from the discharge revealed a moderate increase in total pulmonary 

resistance (TPR), which was 338% of predicted value (PV). At the check-up after 5 months from the 

discharge, the situation improved with a drop in TPR (183% of PV). 

A chest x-ray performed 1 month after the discharge was normal. (Fig. 3). A chest magnetic 

resonance imaging (MRI) performed after 6 months from the hospitalization detected a minimal 

peribronchial inflammatory component in the area of the previous pneumonia (Fig. 4).  

 

Case 2  

A 20 month old male was referred to our hospital for fever and cough for 3 days, worsening with 

increasing dyspnea and low food intake. 

The patient was affected by Down Syndrome (without associated comorbidities). 

Upon arrival at our ED, the patient was pale, tachypneic (respiratory rate 60/70 per minute), his 

oxygen saturation was 92% in room air, heart rate 180 beats/min and his auricular temperature (AT) 

was 39.6°C. Auscultation revealed a reduced vesicular murmur in the left pulmonary field and 

crackles in the basal fields. 

A chest x-ray showed extensive parenchymal consolidation at the left basal and middle fields, 

associated with pleural effusion extended from the base to the apex, with maximum thickness in the 

lower mantle of about 2 cm (Fig. 5).  

A complete blood cell count showed a neutrophilic leukocytosis (WBC 21.940/mmc with 86.6% of 

neutrophils) with increase in CRP levels (265.2 mg/L). Venous blood gas electrolytes and basic blood 

chemistry were normal. High flow oxygen therapy (HFNC) with initial FiO2 of 0.5 was started and, 

after performing microbiological exams (blood culture, nasal swab, urinary antigens for Legionella 

and S. pneumoniae), empiric intravenous antibiotic therapy with ceftriaxone was started. 

Considering the persistent impaired breathing mechanics, with oxygen desaturation despite the 

maximal HFNC therapy, the patient was admitted to the Pediatric Intensive Care Unit (PICU), where 

continuous positive airway pressure (CPAP) therapy was started with a positive end expiratory 

pressure (PEEP) of 8 mmHg and inspiratory fraction of oxygen (FiO2) of 50%. 

CPAP therapy was continued for 2 days with progressive decreasing requirement of positive end 

expiratory pressure (PEEP) and inspiratory fraction of oxygen (FiO2). Ventilatory therapy was then 

modified in HFNC therapy, which was continued for 7 days. 

On the 3rd day of hospitalization, a chest radiograph showed left mid-basal pneumatoceles (the 

largest one of 3 cm in diameter), with unchanged pleural effusion. A contrast-enhanced CT of the 

chest showed left pleural effusion with maximal thickness of 27 mm, apical-posterior pocket air layer, 
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consolidation in the left lower lobe with areas of colliquative appearance and confluent air cavities, 

atelectatic consolidation in the left upper lobe, slight shift of the chest towards the right of the midline, 

suggesting necrotizing pneumonia with bronchopleural fistula and empyema (Fig. 6-7). A surgical 

consultation was required, a thoracic drainage was then placed, with outflow of serum-blood 

material. The drainage was definitively removed after 6 days due to a clear reduction in the effusion 

at lung ultrasound (US). 

Candida parapsilosis was isolated by bronchoalveolar lavage, interpreted as contamination from 

oropharyngeal colonization. The culture of pleural fluid showed a negative result. Streptococcus 

pneumoniae was isolated from both blood and urine cultures, and positive viral PCR for rhinovirus 

resulted from a nasal swab.  

Considering the persistence of febrile peaks on the 4th day of hospitalization, the antibiotic therapy 

was modified and intravenous vancomycin was added to the third-generation cephalosporin, with a  

a good clinical and laboratory response: the fever decreased to stable apyrexia from the 10th day of 

hospitalization, and from the 11th day the patient was oxygen-independent.  

In view of the stable conditions of the patient on the 10th day he was transferred from PICU to our 

inpatient pediatric unit. The antibiotic therapy with vancomycin was continued intravenously for a 

total of 10 days and cefotaxime was continued for 14 days. Serial lung US were performed showing 

a progressive reduction in the extension of the pleural effusion. The last US performed before 

discharge showed left pleural thickening without evident pleural effusion and the known 

inhomogeneous parenchymal consolidation with a hypo-aneocogenic area (about 4.5 cm in 

maximum diameter) with contextual hydro-aerial level. 

After discussion of the case with the pulmonologist, it was decided to continue the intravenous 

antibiotic therapy. Patient’s family expressed the willingness to self-discharge from the hospital. The 

patient was then discharged, with indications to continue oral antibiotic therapy with cefpodoxime 10 

mg/kg/die and with an outpatient appointment one week later to repeat a lung US. This patient was 

lost to follow-up. 

 

Case 3  

A previously healthy Italian 3-year-old boy presented at ED complaining for 10 days asthenia and 

dyspnea on exertion. He also had fever for 5 days associated with wet cough. 3 days earlier he was 

evaluated at another ED, where he was discharged with the diagnosis of pharyngitis and indication 

to start antibiotic therapy with amoxicillin-clavulanate at a dosage of 80 mg/kg/day in 3 daily doses. 

Due to the persistence of the fever and the symptoms together with reduced food intake, he was 

therefore taken to our ED. At admission, the patient was well appearing, feverish (AT 38.1°C), heart 

rate 164 beats/min and oxygen saturation 94% in room air. His respiratory examination was 

significant for reduced vesicular murmur in the middle and basal lung fields. The remainder of his 

clinical examination was normal. Laboratory values of significance included a slight increase in total 

WBC (17,030/mmc) with 72% of neutrophils, an increase in inflammatory index (CPR 44.4 mg/l) and 

slight increase in transaminase levels (AST and ALT 69 U/L, with normal values up to 34 and 49 

respectively). Venous blood gas was normal (pH 7.4, pCO2 40 mmHg, HCO3- 25 mmol/l, lac 1.7 

mmol/l). 

A chest x-ray showed a left basal retro-paracardial parenchymal consolidation with flap of pleural 

effusion and hilar enlargement and elevation of the left hemidiaphragm (Fig. 8). 

The patient was then admitted to the pediatric department for further evaluation and management. 

Intravenous ceftriaxone (80 mg/kg/die) and oral clarithromycin (15 mg/kg/die) were started. 

On the fifth day of hospitalization, due to the persistence of fever and the persistent need of oxygen-

supplementation, a chest x-ray was performed showing two rounded hyper diaphanous images in 

the lower left perihilar site of 1 and 2 cm in diameter respectively, with signs consistent for cavitation, 

and the apical-basal pleural effusion layer on the left which was unchanged (Fig 9). 
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A pulmonologist consultation was then performed, which indicated the switching from intravenous 

ceftriaxone to intravenous piperacillin-tazobactam (300 mg/kg/die). A blood culture was performed 

before the switch which resulted negative. 

After six days of hospitalization a chest CT found a left mid-baseline necrotizing pneumonia (see 

Fig. 10- 11). Intravenous vancomycin (40 mg/kg/die in 4 doses/die) was added to the current therapy 

to cover MRSA. Subsequently there was a good clinical response and serial lung US revealed the 

reduction and resolution of the left pleural effusion. The antibiotic therapy with piperacillin-

tazobactam and vancomycin was continued for 24 and 21 days, respectively. The patient required 1 

month of hospitalization. 

As a side effect of antibiotic therapy, blood tests performed during therapy showed progressive 

leukopenia and neutropenia (at nadir WBC were 2,100/mmc and neutrophils 190/mmc). Two doses 

of subcutaneous granulokines were administered, with excellent laboratory response (WBC 

19,920/mmc, 12,550 neutrophils/mmc). Moreover, during the third week of hospitalization the patient 

had intercurrent febrile gastroenteritis. The microbiological tests performed (blood cultures, 

coproculture, PCR for gastroenteric bacteria, search for fecal viral antigens) showed positive findings 

on the stool for Norovirus (antigen) and for Clostridium difficile (antigen and PCR). Therefore, 

antibiotic therapy with metronidazole was added to current therapy for 10 days.  

 

Clinical and imaging follow-up 

The patient didn’t complain any symptoms from the discharge. A spirometry was performed after 8 

months showed an obstructive pattern (FEF 25-75% before bronchodilator test was 46% of the 

predicted value, while after bronchodilator test 100% of the predicted value; FVC 84% of the 

predicted value). Consequently, the patient was given a bronchodilator therapy with salbutamol for 

few days, followed by fluticasone spray for 2 weeks. A second spirometry was performed 10 months 

from the discharge and it showed a normal pattern (FEF 25-75% was100% of the predicted value, 

FVC 91% of the predicted value).  

At 3 weeks from the hospital discharge lung US revealed “improvement with further reduction 

(currently 2 mm) of consolidation in the upper left lung field in the posterior area, also reduction of 

multiple B lines, no pleural effusion”. But at 3 months lung US showed “a mild pleural irregularity in 

the left posterosuperior area of the lung with minimal accentuation of the B lines, without any 

consolidation in the parenchyma neither pleural effusion”. At 7 months chest x-ray found “reduction 

of diaphany in the left retrocardiac site, in the site of the previous alteration, without signs of pleural 

effusion” (Fig. 12). After 10 months chest MRI showed “a minimal thickening of the pleura in the left 

posterior parietal area with associated thin fibrotic striae, without consolidations of the parenchyma” 

(Fig. 13). 

 

Case 4  

A previously healthy 11-year-old boy was referred to a local ED for left hemithorax pain since one 

week associated with intermittent fever and productive wet cough over the past two days. His ear 

temperature was 36.5°C, heart rate 95 beats/min and oxygen saturation 94% in room air. Respiratory 

examination showed reduced vesicular murmur on the left side and no sound on the left pulmonary 

basis. Blood analysis showed neutrophilic leukocytosis (WBC 24,220/mmc of which neutrophils 

86%) and increased CRP levels (57 mg/L, about five times over normal values). A chest x-ray 

showed pleural effusion in the left hemithorax with lower perihilar parenchymal thickening (Fig. 14). 

The patient was then admitted to the pediatric department, where intravenous antibiotic therapy with 

piperacillin-tazobactam was started together with intravenous methylprednisolone. Clinical 

conditions of the patient gradually improved. Microbiological tests showed positive IgG and IgA 

values of Chlamydia pneumoniae. On this basis, on the 5th day of hospitalization oral clarithromycin 
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was added to the current therapy. A chest CT scan found an 18 mm pleural effusion at the base of 

the left lung, with thickening of the adjacent parenchymal tissue.  

After eleven days of hospitalization the patient was discharged with pneumological follow-up. Oral 

clarithromycin and amoxicillin with clavulanic acid was continued at home to complete two weeks of 

antibiotic therapy; oral deltacortene was also required at home with slowly decreasing doses for one 

week after hospital discharge.  

Two weeks after hospital discharge the patient presented at our ED complaining again of left 

hemithorax pain and fever. At admission, the patient was well appearing, AT 38.3°C, heart rate 138 

beats/min, oxygen saturation 97% in room air. His respiratory examination was significant for 

reduced vesicular murmur and presence of crackles in the left middle and basal lung fields. Blood 

analysis showed neutrophilic leukocytosis (WBC 15,490/mmc of which neutrophils 70%) and 

increase in the CRP levels (147.5 mg/L). A chest x-ray showed extensive radiopacity at the base of 

the left hemithorax with partly defined and partly irregular profiles, with pleural connection and 

contextual apparent hydro-aircraft level of approximately 1.5 cm. An area of rounded hyperdiaphany 

at the lateral left basis and a mantle radiopacity from the base to the upper third of the left hemithorax 

coexisted, suggestive for pleural effusion and thickening. 

An empiric intravenous antibiotic treatment with piperacillina-tazobactam and vancomycin was 

started,  after performing blood culture, at the admission at our Pediatric department. A chest MRI 

showed, in the left lower lobe, a consolidative area of 6.5 x 2.5 x 4 cm with contrast enhancement of 

the profiles and large central cavitated area (7 cm) with a predominantly fluid component and with 

air bubbles, suggestive for phlogistic thickening evolving in abscess. A thickening and contrast 

enhancement of the surrounding pleura was also reported (Fig. 15). 

The blood culture resulted negative, Chlamydia pneumonia recent infection was confirmed (IgG and 

IgA levels were respectively 3 times and 8 times above the values considered negatives) The PCR 

test for the most common respiratory viruses on a nasal swab was negative. 

The antibiotic treatment with piperacillin-tazobactam and vancomycin was continued for 4 and 3 

weeks, respectively. 

During hospitalization, serial lung US examinations were performed, showing progressive reduction 

in the size of the consolidation (2.3 cm after 4 weeks of treatment), with persistence of thickening 

and non-homogeneity of the adjacent parietal pleura. Immunological analysis (immunoglobulins IgM, 

IgA and IgG, lymphocyte subpopulations) were normal and HIV serology was negative. 

To optimize the respiratory function of the patient, the pediatric pneumologist prescribed respiratory 

physiotherapy with PEP mask (started with resistance of 7-8 cmH2O and subsequently reduced to 

2.5 cmH2O). 

Serial blood analysis documented the decreasing of CRP levels and normalization of the blood 

count. After 1 month of hospitalization the patient was discharged. At home he continued oral 

antibiotic treatment with cefpodoxime for 10 days.  

 

Clinical and imaging follow-up 

The patient continued to complain of mild and decreasing chest pain for two weeks after the 

discharge. Spirometry with plethysmographic technique at 1, 3 and 6 months showed mild increase 

in total pulmonary resistance (which were respectively 302%, 234% and 352% of the predicted 

value) and reduction in vital capacity, which normalized after 6 months from the discharge (vital 

capacity at 1, 3, 6 months was respectively 67%, 79% and 80% of the predicted value). Respiratory 

physiotherapy with PEP mask was continued for 6 months and azithromycin prophylaxis was 

prescribed for 6 months (3 days/week). 

Lung US performed at 2 weeks, 1 month and 3 months from the hospital discharge showed 

progressive reduction of the consolidation and pleural thickening. A chest x-ray performed 6 months 

after the discharge was normal. 
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Discussion

NP is a serious complication of CAP which has to be suspected in all children who are not responsive 

to firstline therapy. Unfortunately, NP can afflict a broad spectrum of ages, as our patients ranged 

from 1.5 yo to 11 yo consistent with what has been reported in literature. (7)

According to literature data, (8) NP incidence shows seasonal preference for fall and winter (8).

The clinical presentation of NP consists of fever, respiratory signs and symptoms and radiographic 

signs of a non-responding pneumonia, (7)  as our patients showed.

Increased WBC (≥ 15,100/mmc) and elevated CRP (≥ 121.5 mg/L) have been reported as highly

predictive of NP,(9) consistently with our patients who had increased inflammatory markers.

Even if US or chest x-ray may support the diagnosis, contrast-enhanced CT is considered the most 

sensitive technique to detect further complications of pneumonia. A recent study by Carrard et al. 

(10) have retrospectively compared the effectiveness of ultrasound vs. CT in diagnosing NP in 41 

patients with median age of 46 months (range 17-182 months), concluding that ultrasound is very 

useful in the presence of pleural effusions because of the better acoustic window provided by the 

fluid. Furthermore, ultrasound is superior to CT in visualizing septations within pleural effusions and 

therefore it is useful particularly when the placement of a pleural drain may be needed. Furthermore, 

recent advances in MRI sequences and protocols have made MRI a viable alternative for the 

diagnosis of CAP and its complications, particularly in centers with appropriate expertise and 

resources.(11) In our report chest x-ray and the US performed in the ED raised the suspicion of 

CCAP in 2 cases out of 4; in the remaining cases the absence of clinical response to antibiotic 

therapy was suggestive for a CCAP. In 3 cases out of 4 the diagnosis was confirmed by chest CT, 

as described in similar case reports. In case 4 the patient had a recent history of CAP with pleural 

effusion and the diagnosis of NP was made on the basis of a chest MRI, as the patient had had a 

recent CT scan during the previous hospitalization (7).

Even if pneumonia with or without complications is uncommonly associated with bacteremia (6), it is 

important to perform blood culture and, if possible, sputum culture. Urinary antigens for 

Streptococcus pneumoniae have a high rate of false positives (being responsible of asymptomatic 

nasal colonization in humans) but might be useful in the presence of respiratory symptoms. The 

Paediatric Infectious Diseases Society and the Infectious Disease Society of America recommends 

a bronchoalveolar lavage for patients with CCAP without a microbiological diagnosis on initial testing, 

or for those who are not responding to treatment.(12)

In our case series microbiological findings detected Streptococcus pneumoniae in 50% of patients. 

Streptococcus pneumoniae Serotype 3 has been reported to be the most common cause of NP 

before pneumococcal conjugate vaccine 13 (PVC13) was introduced, but it is still the most frequent 

etiologic agent in post-PCV period (13). This finding may be explained as PCV13 efficacy against 

Serotype 3 is modest, probably because intrinsic properties (such as thicker polysaccharide capsule) 

require higher levels of antibody concentration to prevent pneumonia complications (13-14).

NP requires prolonged antibiotic treatment. The initial empiric therapy must be broad-spectrum, 

taking into consideration local patterns of antibiotic resistance and whether the child has any 

underlying comorbidities (6). The antibiotic treatment might be subsequently modified with a targeted 

therapy according to the antibiogram and considering the clinical response.

In case 1, 2 and 4 the poor clinical response to the current therapy led us to modify it in order to have 

better efficacy against MRSA and Pseudomonas aeruginosa. In case 3 the blood culture was 

performed after the beginning of antibiotic therapy and showed a negative result, therefore broad-

spectrum antibiotic therapy was performed for the entire duration of the treatment.

Bronchoalveolar lavage was not performed because in our clinical practice it is limited to cases that 

are poorly responsive to broad-spectrum antibiotical therapy.
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The duration of antibiotic therapy is still debated; it is suggested a range between 2-3 weeks in total 

(6). The transition to oral antibiotic therapy should be made as soon as possible according to the 

improvement of symptoms and signs of infection and based on the child's ability to take the 

therapy.(15–17) Our patients were treated differently because  there is still no hospital protocol for 

the treatment of NP and in our cases treatment was determined by the patients' clinical course and 

microbiological tests. 

The treatment must be immediate and adequate, to reduce the risk of further complications of NP. 

In our study only 1 out of 4 patients (25%) developed bronchopleural fistula and empyema as 

complications. In literature NP has been reported to be associated more frequently with 

bronchopleural fistula (17–67%) (7, 8), empyema (63-100%), (7,8) similarly to our case series. Other 

complications include acute respiratory distress syndrome, (18) septic shock, (19) especially in 

children with risk factors (immunodeficiencies, malnutrition, chronic lung diseases, congenital cystic 

lung disease). A Recently Carloni et al. conducted a retrospective study on 43 children with diagnosis 

of NP between 2005 and 2019. The median age was 44 months (range 32-62 months), most were 

previously healthy (93%) and no one had any known risk factors for NP. In 32 children NP was 

associated with empyema, in 2 with bronchopleural fistula and in 2 with atypical hemolytic uremic 

syndrome (13). Increased awareness and early detection of complications are essential to reduce 

long-term sequelae and to reduce mortality.  

Surgical treatments of pediatric NP are recommended in case of complications or no complete 

response to the pharmacological treatment (7, 20). In fact, in our report pediatric surgeons placed a 

thoracic drainage only in the patient who developed empyema. Lung resection in children is rare, as 

it may reduce future pulmonary function (21). 

While for patients with uncomplicated CAP, the indication for starting any medium-long term follow-

up depends on the clinic and is not routinely recommended; the patients with CCAP must be 

monitored with clinical-radiological evaluations and pulmonary function tests, considering the risk of 

sequelae. Recently, Allinsons et. published a longitudinal observational study conducted in Great 

Britain. The study was made collecting data of a cohort of all single births among married women 

during 1 week in March 1946. All the participants were contacted 25 times between birth and age 73 

years (2733 patients out of 5362 completed the follow up). The study showed that among the 

respiratory-cause deaths between age 26 and 73 years, 1/5 presented a low tract respiratory 

infection before the age of 2 years. This association remained strong also correcting the data for 

childhood socioeconomic position, home cohabitants, sex, birthweight and adult smoking. These 

findings are consistent with an increased rate of early adult deaths from respiratory disease in 

subjects who had low respiratory tract infections in the first 2 years of life (22). These findings support 

the need for NP follow-up which, at the moment, is mostly based on expert opinion rather than 

evidence-based indications.(6) 

For the radiological follow-up MRI is a radiation-free technique providing an excellent resolution for 

soft-tissue and for anatomical details. Even if it is known that MRI can be an appropriate follow-up 

technique to identify residual abnormalities, there are no studies reporting long-term radiological data 

on MRI in patients with NP. There are few studies reporting long-term radiological data based on CT 

scan or chest x-ray. In the study of Donnelly et al. most of patients who underwent a long-term follow-

up showed an almost complete normalization of the pulmonary parenchyma in 3-8 months, only 

three patients with history of parapneumonic effusion showed a residual pleural thickening without 

pulmonary abnormalities.(23) In the retrospective study of Congeni et al. follow-up CT scans 

performed between 6 months and 10 years later were normal.(24) Sawicki et al. used a 6 months 

follow-up protocol with chest x-ray and/or CT scan, showing a marked improvement of the lesions 

with near normalization of the lung parenchyma.(2) Iglesias et al. conducted a retrospective-

prospective observational study in children with NP admitted to PICU, most of the patients underwent 

a long-term follow-up with chest x-ray, with a median time to normalization of 3 months.(3) All our 
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patients underwent clinical and radiological follow-up using chest x-ray, lung US and MRI after 

hospitalization. All our patients had a progressively improving clinical course and they were clinically 

recovered at time of discharge. This was probably due to the rapid initiation of appropriate broad-

spectrum antibiotic therapy and, in the third case, also to the placement of a chest drain. 

Lung function tests in patient 1 and 4 initially showed increased pulmonary resistances which 

normalized 6 months after discharge. Patient 3 had normal spirometry after 10 months from the 

discharge. 

Chest x-ray showed no signs of previous NP in case 1 after 1 month from the discharge, whereas in 

cases 3 and 4 after 6-7 months from the discharge. 2 cases out of 4 underwent MRI after 10 months 

from the discharge. In both cases it showed persistent minimal residual signs of previous NP. 

There are only few studies that have evaluated long-term lung function in patients who had NP. In 

Sawicki et al. report, 12 patients underwent follow-up with pulmonary function at 6 months after 

diagnosis of NP:  8 patients had normal function, 3 had mild obstructive pattern and 1 mild restrictive 

pattern (2). A recent Spanish study reported normal spirometry with no evidence of obstructive 

pulmonary disease or restrictive patterns 8 years after the first episode of NP, except in one patient 

with a FVC in the lower limit of normal (25). 

 

As suggested by few studies, early pneumonia could be a risk factor for impaired pulmonary function 

in adulthood (like asthma and chronic obstructive pulmonary disease) (2, 26). Data on Long-term 

lung function is lacking. Hence, monitoring lung function over time is warranted to better study 

sequelae of NP in adulthood.  

 

Conclusions 

NP represent a severe complication of CAP in children. Early diagnosis and adequate therapy are 

essential to prevent severe consequences and impairment of lung function. Pulmonary function  

should be evaluated in long-term monitoring even in adulthood, even if long-term follow-up guidelines 

are still needed. 
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FIGURES’ CAPTIONS 

Figure 1. Chest X-ray taken in the emergency room, showing parenchymal thickening in the right 

upper field. 

Figure 2. Chest CT (transverse section) showing 35 mm thickening in the right upper lobe, with 

central necrosis and millimeter gas-containing areas. 

Figure 3. Chest X-ray performed 1 month after discharge at which pulmonary consolidation is no 

longer evident. 

Figure 4. Thoracic MRI (transverse section) that shows residual peribronchial inflammation in the 

area of the previous consolidation. 

Figure 5. Chest x-ray performed in the ED department showing extensive parenchymal 

consolidation at the left basal and middle fields, associated with pleural effusion extended from the 

base to the apex, with maximum thickness in the lower mantle of about 2 cm. 

Figure 6 and 7. Contrast-enhanced CT (transverse sections) showing copious left pleural effusion 

with maximal thickness of 27 mm, apical-posterior pocket air layer, consolidation in the left lower 

lobe with areas of colliquative appearance and confluent air cavities, atelectatic consolidation in the 

left upper lobe, slight shift of the chest towards the right of the midline. 
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Figure 8 and 9. Chest x-ray performed in the ED department showing respectively: a left basal retro-

paracardial parenchymal consolidation with flap of pleural effusion and hilar enlargement and 

elevation of the left hemidiaphragm; two rounded hyperdiaphanous images in the lower left perihilar 

site of 1 and 2 cm in diameter respectively, with signs consistent for cavitation, with unchanged 

apical-basal pleural effusion layer on the left. 

Figure 10 and 11.  Contrast-enhanced CT showing left mid-baseline necrotizing pneumonia. 

Figure 12. Chest x-ray performed after 7 months from the hospital discharge showing reduction of 

diaphany in the left retrocardiac site without signs of pleural effusion 

Figure 13. Chest MRI performed after 10 months from the hospital discharge showing a minimal 

thickening of the pleura in the left posterior parietal area with associated thin fibrotic striae. 

Figure 14. Chest x-ray performed at the ED showing pleural effusion in the left hemithorax with lower 

perihilar parenchymal thickening. 

Figure 15. Chest MRI (transverse sections) showing a consolidative area of 6,5 x 2,5 x 4 cm with 

contrast enhancement of the profiles and large central cavitated area (7 cm) with a predominantly 

fluid component and with air bubbles, suggestive for phlogistic thickening evolving in abscess. A 

thickening and contrast enhancement of the surrounding pleura was also reported. 
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Figure 1

https://www2.cloud.editorialmanager.com/pedresjournal/download.aspx?id=13845&guid=1167d519-d43c-4f37-a1e2-f353b00ae71f&scheme=1
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Man
us

cri
pt 

ac
ce

pte
d f

or 
pu

bli
ca

tio
n

Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 8
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Figure 9
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Figure 10
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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Fever, cough and right-
chest pain for 5 days 

Dyspnea, low food 
intake, fever and cough 
for 3 days 

 

Asthenia and dyspnea 
on exertion for 10 days, 
fever and wet cough for 

5 days. 

Pain in the left 
hemithorax and fever 

Table 1. Four cases in comparison.

 Case 1 Case 2 Case 3 Case 4

Age at diagnosis 8 yo 20 m 3 yo 11 yo

Month of diagnosis End of august December October September-october

Symptoms at
onset

Already on antibiotic 
therapy  

No No Yes 
(amoxicillin-clavulanate) 

Yes,  
Piperacillina-

tazobactam iv and 
clarithromycin and 
amoxicillin-clavulanate 

po for Chlamydia p. 
pneumonia 

Vital parameters SaO2 98%; HR 116 

bpm; AT 37.3°C 

RR 60/70 bpm, SaO2 

92%, HR 180 bpm, AT 
39.6°C 

SaO2 94%, HR 164 

bpm, AT 38.1°C 

SaO2 97%, HR 138 

bpm, AT 38.3°C 

Lung  imaging report 

before the diagnosis 

Chest X-ray: 

parenchymal thickening 
in the right upper field. 
No signs of pleural 

effusion. 

US: Left organized 

pleural effusion with 
maximum thickness of 
about 5-6 mm at the 

midfield 
and 4-5 mm at the base 
and pulmonary 

consolidation. 

US: Bilateral 

pneumonia 
with extensive pleural 
effusion on the left side. 

US: Extensive 

consolidative area 
left basal lung in the 
posterolateral location 

with voluminous central 
necrotic component 
with diameter 

maximum of about 6 cm 
and thin flap of left 
pleural effusion 

CT report 35 mm thickening in the 
right upper lobe, with 
central necrosis and 

millimeter gas-
containing areas 

Copious left pleural 
effusion with maximal 
thickness of 27 mm, 

apical-posterior pocket 
air layer, consolidation 
in the left lower lobe 

with areas of 
colliquative appearance 
and confluent air 

cavities, atelectatic 
consolidation in the left 
upper lobe, slight shift 

of the chest towards the 
right of the midline 

Left mid-baseline 
necrotizing pneumonia 
 

 

18 mm pleural effusion 
at the base of the left 
lung, with thickening of 

the adjacent 
parenchymal tissue 

WBC, N, CRP WBC 14,920/mmc, N 
63.1%, CRP 105.9 
mg/L 

WBC 21,940/mmc, N 
86.6%, CRP 265.2 
mg/L 

WBC 17,030/mmc, N 
72% CRP 44.4 mg/L 

WBC 15,490/mmc, N 
70%, CRP 147.5 mg/L 

Empirical antibiotic 
therapy before culture 
results 

Ampicillin sulbactam iv Ceftriaxone iv Ceftriaxone iv and 
clarithromycin po 

Piperacillina-
tazobactam iv and 
vancomycin iv 

Microbiological tests Streptococcus 
pneumoniae 
(sputum culture) 

Streptococcus 
pneumoniae (blood and 
urine cultures)  

Rhinovirus (nasal swab) 

Negative 
(blood culture) 

Chlamydia pneumoniae 
IgA and IgG 

Antibiotic therapy iv Clindamycin and 
piperacillin tazobactam 

Vancomycin and 
ceftriaxone 

Piperacillin-tazobactam 
and vancomycin 

Piperacillin-tazobactam 
and vancomycin 

Duration of antibiotic 
therapy iv (days) 

14 10 24 and 21 28 and 21 

Antibiotic therapy po 
at discharge 

x Cefotaxime x Cefpodoxime 

Duration of antibiotic 
therapy po (days) 

x 14 x 10 

Symptoms at follow 

up

Reduced tolerance to 

exercise until 6 months 
after discharge 

No follow-up No symptoms 

 

Mild and decreasing 

thoracic pain until two 
weeks after discharge 
 

Lung function Increase in pulmonary 
resistances after 1 

No follow-up Obstructive pattern 
after 8 months. 

Mild increase in 
pulmonary resistance 
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 Case 1 Case 2 Case 3 Case 4 

month from the 
discharge, markedly 
reduced after 6 months. 

Normal pattern after 10 
months from the 
discharge 

 

and reduction in vital 
capacity after 1 and 3 
months, which 

normalized after 6 
months from the 
discharge 

Long-term 
radiological follow-up 

MRI (after 6  months): 
Minimal 
residualperibronchial 

inflammatory 
component in the area 
of the previous lesion, 

reactive lymphnodes at 
right perilateral site. 
 

Not done MRI (after 10 
months):Minimal pleural 
thickening in posterior 

parietal location with 
associated thin striae 
with a 

fibrotic appearance. 
 

Ches x-ray (after 6 
months): 
normal 

WBC: white blood cells, CRP: c-reactive protein, US: ultrasounds, CT: computed tomography, yo: years old, m: months; iv: intravenous, 
PV: predicted value, TPR: total peripheral vascular resistance. AT: auricular temperature, bpm: beats/breaths per minute; N: neutrophils, 

po: oral, MRI: nuclear magnetic resonance; T1: after 1 month from the discharge; T2: after 6 months from the discharge. CRP laboratory 
cut-off level > 10 mg/L.  


