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Abstract
Introduction: Empyema is a serious complication referring to a collection of purulence within the pleural cavity that may present after pneumonectomy, 
lobectomy, or sublobar lung resection or after pneumonias. Management of empyemas without Bronchopleural Fistula (BPF) can be done by modified versions of 
the Clagett procedure involving pleural drainage, irrigation, debridement, and obliteration of the pleural empyema cavity with antibiotic solution prior to closure 
of the thoracostomy or thoracotomy.

Case presentation: We present a case of a 57-year-old man who developed three episodes of parapneumonic pleural empyema, caused by Staphylococcus aureus, 
Streptococcus pneumoniae, and Klebsiella pneumoniae/Staph. Epidermidis, respectively, which were each successfully treated by modified Clagett procedures. 
One modification utilized tube thoracostomy drainage and irrigation, with subsequent closure of the thoracostomy incision after filling the empyema cavity with 
antibiotic solution. The second modification utilized Video-Assisted Thoracoscopic (VATS) drainage, irrigation, and debridement of the empyema cavity, with 
subsequent closure of the thoracoscopy ports after filling the empyema cavity with antibiotic solution. The third modification utilized mini-thoracotomy with 
rib resection for open drainage, pulse-lavage irrigation and debridement, and continuous Negative-Pressure Wound Therapy (NPWT) using a Wound Vacuum-
Assisted Closure (Wound VAC) device, with subsequent closure of the thoracotomy incision after filling the empyema cavity with antibiotic solution.

Discussion: We describe how need-based modifications to the traditional Clagett procedure that allow initial minimally invasive, even percutaneous, approach at 
empyema management and gradual escalation of approaches in cases of subsequent episodes of empyema.

Conclusion: We modified the traditional Clagett procedure three different ways in order to appropriately treat empyema in a patient who had three episodes of 
parapneumonic pleural empyema, each with a different bacterial pathogen, which highlights the versatility and effectiveness of modified Clagett procedures to 
treat recurrent empyema.
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Introduction
Empyema refers to a collection of purulence in the pleural 

cavity or a positive Gram stain or culture from the pleural fluid and 
presents itself in approximately 32,000 cases per year in the United 

States alone [1]. Empyemas may complicate a pneumonectomy, 
lobectomy, or sublobar lung resection or can be parapneumonic in 
nature. Management of empyema can be conducted through a version 
of the Clagett procedure, one which involves pleural drainage via 
thoracostomy or thoracotomy, followed by obliteration of the pleural 
empyema cavity with antibiotic solution to allow closure of the chest 
wall opening [2,3].

The traditional Clagett procedure was described by Clagett and 
Geraci in 1963 for management of Postpneumonectomy Empyema 
(PPE) [3]. The first step of the traditional Clagett procedure consists 
of creating an open window thoracostomy in the chest wall by 
rib resection for the purpose of drainage of the empyema cavity. 
Following drainage of the pleural space, the area is inspected for 
presence or persistence of a Bronchopleural Fistula (BPF). If a BPF is 
absent or after it is closed and after providing four to eight weeks of 
antiseptic irrigation to render the empyema cavity sterile, the second 
step consists of surgically closing the thoracic window after filling 
the empyema cavity with a 0.25% neomycin solution [4]. Over the 
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subsequent decades, modifications to the Clagett procedure have been 
utilized to treat empyemas associated with lobectomy or sublobar 
resections or even parapneumonic empyemas with no preceding lung 
resections. We herein report a case of a patient who developed three 
episodes of pleural empyema, each caused by a different bacterial 
pathogen, and who was successfully treated during each episode with 
a different approach to perform a modified Clagett procedure.

Case Presentation
The patient is a 57-year-old man with past medical history of 

non-Hodgkin’s lymphoma of the left eye diagnosed 9 months prior to 
presentation. This left eye lymphoma was treated with external beam 
radiation therapy, which was completed 4 months later.

Seven months prior to presentation, the patient complained 
of a persistent dry cough. Positron-Emission Tomography 
(PET)-Computerized Tomography (CT) scan revealed multiple 
hypermetabolic foci in the right lung parenchyma, with average 
Standardized Uptake Value (SUV) of 4.4, the largest being a 3.5-
cm Right Upper Lobar (RUL) lung mass (SUV 15.7), bilateral 
supraclavicular Lymph Nodes (LNs), with SUV 2.4 on the left and 
SUV 7.9 on the right, a single right paratracheal LN (SUV 6.0), and a 
single nonspecific metabolically active focus in the posterior right 12th 
rib. A month later, right lung mass biopsies revealed adenosquamous 
carcinoma, moderately-differentiated, with focal acini formation, 
positive for Cytokeratin (CK)5/6, CK7, and napsin and focally 
positive for p40, p63, Thyroid Transcription Factor (TTF)-1, and 
mucicarmine, which confirmed a diagnosis of clinical stage-IV non-
small cell lung cancer (Figure 1 and 2).

The patient was referred to our cancer center, where a large right 
pleural effusion was identified shortly after completion of his left eye 
radiation therapy. Therapeutic right thoracentesis yielded 1000 mL of 
dark red fluid, and cytology was positive for adenocarcinoma, positive 
for TTF-1 and negative for p40. Right pleural biopsy one week later 
also revealed adenocarcinoma, positive for TTF-1 and CK7 and 

negative for CK20, PAX8, p40, and CK5/6. Testing for programmed 
death ligand-1 (PD-L1) by 22C3 anti-PD-L1 antibody was positive 
in 1.2% of cells. The patient required repeat therapeutic right 
thoracentesis one week later, which yielded 1500 mL dark red fluid.

The patient was placed on a clinical trial and was randomized to 
immunotherapy with pembrolizumab. The patient had a tunneled 
right pleural catheter placed the following week for recurrent right 
pleural effusion. The pembrolizumab was discontinued due to 
progression of disease, and the patient was started on alectinib. The 
tunneled right pleural catheter was able to be removed 4 months after 
placement.

Two weeks after removal of the tunneled right pleural catheter, 
the patient was admitted with complaints of progressively worsening 
cough, chills, fever, and mild dyspnea on exertion. One week 
previously, the patient was evaluated at a local urgent care clinic 
and treated with a 5-day pack of azithromycin. He also had a few 
episodes of nausea, vomiting, and a poor appetite at that time. At this 
admission, a CT scan of the thorax revealed bilateral pneumonias 
and re-accumulation of the right hydrothorax. He was initiated 
on intravenous (IV) vancomycin and cefepime and was able to be 
discharged to home 3 days later (Figure 3).

Four days after discharge, he underwent CT-guided right 
pleural pigtail catheter placement, which was connected to suction 
drainage. Pleural fluid cultures subsequently grew coagulase-positive 
Staphylococcus aureus, which was found to be methicillin-sensitive. 
After 10 days of antibiotic therapy and continued suction drainage 
of the right pleural empyema cavity via the pleural pigtail catheter, 
the patient was taken to the Operating Room (OR) and underwent 
modified right Clagett procedure with filling of the right pleural 
empyema cavity through the pleural pigtail catheter, first with 100 mL 
of normal saline containing 1000 mg doxycycline, to which was added 

Figure 1: Axial images from Computerized Tomography (CT) scans taken 
one week before (upper left panel), 3 days before (upper right panel), and 
immediately after CT-guided placement of right pigtail pleural catheter place-
ment to drain the 1st right pleural empyema, with diagnostic ultrasound-guid-
ed thoracentesis performed one week before pigtail catheter placement.

Figure 2: Chest radiograph Posterior-Anterior (PA) images taken one day 
(upper left panel) and one week (upper right panel) after placement of right 
pigtail pleural catheter for the 1st right pleural empyema and taken one day 
(lower left panel) and 3 weeks (lower right panel) after the 1st right modified 
Clagett procedure.
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600 mL normal saline containing per liter 1 gm clindamycin, 1 gram 
gentamicin, and 500,000 units polymyxin B, at which point the right 
pleural empyema cavity was completely filled with antibiotic solution. 
The right pleural pigtail catheter was removed, as the former catheter 
site was closed with a U-stitch using nylon suture to make it water-
tight. The patient was able to be discharged home the following day.

Almost two months later, the patient was admitted with 2 to 3 
days of fever up to 100.4 F and cough productive of yellow sputum. 
A CT scan revealed worsening right pneumonia, and the patient 
was empirically started on cefazolin based on his prior methicillin-
sensitive Staph aureus empyema. He underwent ultrasound- and 
fluoroscopically-guided right pleural chest tube placement two days 
later, and pleural fluid cultures subsequently grew Streptococcus 
pneumoniae.

Two days later, the patient was taken to the OR again for Fiberoptic 
Bronchoscopy (FOB) and right Video-Assisted Thoracoscopic 
(VATS) evacuation of empyema and intrapleural fibrinous debris, 
with the help of a thoracoscopic suction-irrigator and 3 liters of 
normal saline containing a total of 3 ampules of Bacitracin solution. 
The existing right pleural chest tube was removed, and the right lung 
visceral pleura was decorticated along the right lower lung. Chemical 
pleurodesis was performed with 1000 mg doxycycline in 100 mL 
normal saline, and a new right pleural chest tube was placed within 
the empyema cavity.

Five days later, the patient was taken back to the OR and underwent 
FOB with Bronchoalveolar Lavage (BAL), removal of the existing 
right pleural chest tube, right VATS partial pulmonary decortication, 
evacuation of empyema and intrapleural fibrinous debris, and 
irrigation with the suction-irrigator and 3 liters of normal saline 
containing a total of 3 ampules of Bacitracin solution. A modified 
Clagett procedure was performed a second time by completely 
filling the right pleural empyema cavity with 600 mL normal saline 
containing per liter 1 gm clindamycin, 1 gm gentamicin, and 500,000 

polymyxin B. The patient was discharged home 2 days later. Cultures 
from the intrapleural fibrinous debris taken from the last operation 
grew Candida glabrata, and fluconazole was added to his antibiotic 
regimen (Table 1).

Four months later, the patient was admitted again with complaints 
of several weeks of progressive Left Upper Extremity (LUE) weakness, 
first noted while he was having difficulty doing pushups and associated 
with intermittent involuntary jerking of the LUE. He presented to the 
urgent care center at this time due to his LUE becoming progressively 
more weak to the point that he had to use his right arm to help lift up 
his left arm.

Magnetic Resonance Imaging (MRI) of the brain revealed a new, 
ring-enhancing, cystic metastasis in posterior right frontal lobe, 
possibly within the precentral gyrus, measuring 3.4 cm × 3.6 cm, 
with associated mild adjacent white matter T2 signal abnormality, 
but no midline shift, hemorrhage, or abnormal extra-axial collection. 
He was initiated on IV dexamethasone, and, on the following day, 
he underwent image-guided right frontal craniotomy and resection 
of symptomatic large brain tumor. He was able to be discharged to 
home two days later. Two weeks after discharge, he underwent single-
fraction stereotactic radiosurgery to the brain metastasis resection 
bed.

Three weeks later, he presented to the thoracic oncology clinic 
with complaints of productive cough, pleuritic chest pain, and fever 
to 101oF. A CT scan revealed a RUL mass-like consolidation, slightly 
larger from prior CT scan, with foci of gas and air-fluid levels and 
increasing surrounding apical consolidation. He was placed on 
oral antibiotics but was subsequently admitted the following week 
with worsening hacking cough with brownish sputum, post-tussive 
emesis, and fever with maximum temperature of 101oF, malaise, 
poor appetite, and weight loss. He underwent diagnostic right 
thoracentesis. However, his sputum culture from his recent clinic visit 
grew Klebsiella pneumoniae, and he was started on IV cefepime and 
metronidazole.

He was taken again to the OR the following day and underwent 
FOB with BAL and right VATS evacuation of empyema. However, 
the narrowed intercostal spaces required a right anterolateral 
thoracotomy, with partial resection of the right 7th rib and right lateral 
chest wall parietal pleurectomy, in order to perform irrigation and 
debridement of the recurrent right pleural empyema using a suction-
irrigator and 3 liters of  triple-antibiotic solution containing per liter 
1 gm cefazolin, 1 gm gentamicin, and 500,000 polymyxin B, with 
evacuation intrapleural fibrinous debris. A wound vacuum-assist 
device (WoundVAC®, KCI, San Antonio, TX, USA) was placed within 
the right pleural empyema cavity and thoracotomy incision and 
which was placed on continuous -150 cmH2O suction. The patient 
was returned to the OR five days later for FOB with BAL, removal 
of existing right intrapleural WoundVAC® device, intrapleural pulse-
lavage irrigation and evacuation intrapleural fibrinous debris with 
3 liters of the triple-antibiotic solution. A new right WoundVAC® 
device was placed within the right pleural empyema cavity and 
the thoracotomy incision and again placed to continuous -150 
cmH2O suction. Intraoperative pleural debris cultures this time 
grew coagulase-negative Staphylococcus epidermidis. The patient 
was discharged to home two days later on oral ciprofloxacin and 
continuous WoundVAC® therapy (Figure 4).

Three days after discharge, the patient was returned to the OR 

Figure 3: Axial images from Computerized Tomography (CT) scans taken 
one month (upper left panel) and 2 months (upper right panel) after the 1st 
right modified Clagett procedure showing stable and enlarged right pleural 
effusions, respectively, and chest radiograph Posterior-Anterior (PA) images 
taken during (lower left panel) and one day after (lower right panel) ultra-
sound- and fluoroscopically-guided right pigtail pleural catheter placement to 
initially decompress the 2nd right pleural empyema.
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and underwent FOB with BAL, removal of the right intrapleural 
WoundVAC® device, pulse-lavage irrigation and debridement of right 
pleural empyema cavity with 3 liters of triple-antibiotic solution, 
evacuation of intrapleural fibrinous debris, and right posterior chest 
wall parietal pleural biopsies. A modified Clagett procedure was then 
performed a third time, with closure of the right thoracotomy incision 
and former right VATS port incision after completely filling the right 
pleural empyema cavity with the triple-antibiotic solution. The patient 
was discharged to home the same day.

The patient is alive, 8 months later. He remains radiographically 
in remission from his lung cancer, with no evidence of recurrent 
pneumonia or pleural empyema, despite having a chronic right 
hydrothorax due to fibrosed lung (Figure 5).

Discussion
Empyema is a complication that may present post-

pneumonectomy. Stafford and Clagett indicated that their traditional 
Clagett procedure was effective in 88% of their patients [7]. A more 
recent study indicated that, after treating 84 patients with the Clagett 
procedure, 81% of the patients presented with a healed chest without 
evidence of recurrent infection [2]. They also suggested that the 
Clagett procedure has remained safe and effective in patients, with 
successful outcomes associated more with patients less than 65 years 
old [2]. However, the Clagett procedure has been associated with 
increased hospital length of stay, significant morbidity, and the need 
for frequent dressing changes and operations [8].

Empyema may also present after lobectomy or sublobar lung 
resection or after pneumonias. Although the traditional Clagett 
procedure was described for PPE, management of non-PPE 
cases, such as in this case presentation, may be performed with 
modifications of the Clagett procedure. One such modification utilizes 
tube thoracostomy (rather than open) drainage, and then closure of 
the thoracostomy incision after filling of the empyema cavity with 
antibiotic solution [2]. Another modification utilizes VATS (rather 

Table 1: Empyema Episodes
Empyema Episode #1 Empyema Episode #2 Empyema Episode #3

Bacterial Pathogen Coagulase-positive Staphylococcus aureus
Streptococcus pneumoniae Klebsiella pneumoniae

Candida glabrata Coagulase-negative Staphylococcus 
epidermidis

Systemic Antibiotic Treatment

Cefepime 1 gm IV q8h Day 1-6 Levofloxacin 750 mg PO q24h 
Day 1-6 Cefepime 1gm IV q8h Day 1-7

Metronidazole 500 mg IV q6h Day 1-6 Cefazolin 2 gm IV q8h
Day 1-7

Metronidazole 500 mg IV q6h Day 1-10 
Clindamycin 900 mg IV q8h Day 2-3 & 7

Vancomycin 1.5 gm IV q12h Day 2-6 Vancomycin 1gm IV q12h
Day 6-12 Tobramycin 300 mg neb BID Day 2-10

Cefazolin 2 gm IV q8h Day 6-15 Clindamycin 600 mg IV q6h 
Day 10-11 Ceftriaxone 1gm IV q24h Day 8-9

Method of Initial Drainage Tube thoracostomy using pleural pigtail 
catheter

Video-Assisted Thoracoscopic 
(VATS) evacuation Mini-thoracotomy with rib resection.

Method of Initial Irrigation & 
Debridement

Pleural pigtail catheter connected to 
continuous suction via chest tube drainage 

system
Thoracoscopic suction-irrigator

Open pulse-lavage debridement, followed 
by continuous NPWT with WoundVAC 

device

Antibiotics used for Initial 
Irrigation& Debridement None Bacitracin

Cefazolin
Gentamicin
Polymyxin B

Method of Subsequent Irrigation 
&Debridement Irrigation via pleural pigtail catheter VATS irrigation with 

thoracoscopic suction-irrigator

Continuous NPWT with WoundVAC 
device; repeat open pulse-lavage 

debridement

Antibiotic Solution Used for 
Ultimate Closure

Clindamycin Clindamycin Cefazolin
Gentamicin Gentamicin Gentamicin

Polymyxin B; Doxycycline Polymyxin B; Doxycycline Polymyxin B

Discharge Antibiotic Cefazolin 1 gm IV q6h × 5 weeks Vancomycin 1.25 gm IV q12h 
× 4 weeks Ciprofloxacin 750 mg PO q12h × 6 weeks

Figure 4: Chest radiograph Posterior-Anterior (PA) images taken one day 
after right video-assisted thoracoscopic VATS evacuation of the 2nd right 
pleural empyema (upper left panel) and one day before (upper right panel), 
one day after (lower left panel), and 3 weeks after (lower right panel) 2nd right 
modified Clagett procedure.

than open) drainage, irrigation, and debridement of the empyema 
cavity. A third modification utilizes continuous Negative-Pressure 
Wound Therapy (NWPT) using a WoundVAC® device rather than 
frequent changes of the empyema cavity gauze packing.

The second step of the traditional or modified Clagett procedure 
would need to be deferred if a BPF is identified following drainage 
of the empyema. If a BPF is identified, then the bronchial stump 
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Figure 5: Axial images from Computerized Tomography (CT) scans taken 10 
days (upper left panel) and 2 days (upper right panel) before open drainage 
of the 3rd right pleural empyema via right mini-thoracotomy, with partial right 
7th rib resection, and taken 3 weeks (lower left panel) and 9 months (lower 
right panel) after the 3rd modified Clagett procedure.

would need to be closed, buttressed, and covered with intrathoracic 
transposition of viable extrathoracic skeletal musculature so that the 
stump is isolated from the empyema cavity [2]. In contrast to PPE 
with BPF, presence of an empyema with BPF after lobectomy, sublobar 
resection, or necrotizing pneumonia is less common and less likely to 
cause patient death due to presence of lung parenchyma, which likely 
aided in the present case [6]. If no BPF is found during exploration 
or after BPF closure, the empyema space then could be filled with 
antibiotic solution, and the thoracostomy or thoracic window can be 
subsequently closed [5].

In our patient’s case, three separate right modified Clagett 
procedures were successfully performed to treat the three presenting 
episodes of empyema. In the first episode, in which pleural fluid 
cultures grew coagulase-positive Staph. aureus, the patient was treated 
with a Clagett procedure that was modified by utilizing a pleural 
pigtail catheter to drain, irrigate, and subsequently fill the right 
pleural empyema cavity with triple-antibiotic solution. In the second 
episode, in which pleural fluid cultures grew Strep. pneumoniae, 
a modified Clagett procedure that involved VATS evacuation of 
empyema and intrapleural fibrinous debris, irrigation, debridement, 
and subsequent filling of the right pleural empyema cavity with triple-
antibiotic solution. In the third episode, the patient presented with 
coagulase-negative Staph. epidermidis in the pleural fluid. The Clagett 
procedure was modified by continuous drainage using NPWT and 
a WoundVAC® device, followed by closure of the right thoracotomy 
incision and former right VATS port incision after completely filling 
the right pleural empyema cavity with triple-antibiotic solution.

Conclusions
While the traditional Clagett procedure was described for 

treatment of PPE with absent or closed BPF, modified Clagett 
procedures can address empyema that occur in non-PPE cases. In 
this present case, our patient underwent three variations of a right 
modified Clagett procedure to successfully treat the three separate 
presenting empyemas. Depending on the situation, we were able 
to modify the traditional Clagett procedure by utilizing tube 
thoracostomy drainage and irrigation using a pigtail pleural catheter 
for the first episode, then by using VATS (rather than open) drainage, 
irrigation, and debridement for the second episode, and subsequently 
open drainage, irrigation, and debridement, followed by continuous  
NPWT with a WoundVAC® device for the third episode. Thus, we 
demonstrated in this case report the versatility and effectiveness of 
modified Clagett procedures to treat recurrent empyema.
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