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Epidemiology of Pleural infection



Intra pleural agents for pleural 

infections.

1.Intra pleural Fibrinolytics

2.Intra pleural antimicrobial agents



Fibrinolytic agents

Fibrin 

Selectivity

Systemic 

lytic state

Needs

Plasminogen 

for activation

Allergic 

reactions

Half life 

(plasma)

Intrapleural

administrati

on

Streptokinase No Yes Yes (Indirect) Yes 30 minutes Yes

Antistreplase No Yes No (Direct) Yes 88-112 

minutes

No

Urokinase No Yes No (Direct) No 20 minutes Yes

Alteplase Yes (+) No No (Direct) No 3-5 

minutes

Yes

Tenecteplase Yes(++) No No (Direct) No 20-24 

minutes

No

Reteplase Yes(+) No No (Direct) No 13-16 

minutes

No



Do we have evidence to support the use 

of intrapleural fibrinolytics/DNAase ??

1. Streptokinase

2. Urokinase

3. Alteplase (rtPA)





 In 1951, they published the first case series of 25 patients treated with 

Streptokinase-streptodornase combination (extracts from streptococci).

 All had Loculated empyema.

 Results :

 21 of the 25 patients improved clinically with resolution of the effusion.

 Only 4 patients needed closed thoracotomy



Intrapleural Streptokinase -

Observational studies

Author Year No.of 

patients

Dose used Outcome

Bergh et al 1977 38 NA Lung re expansion in 79% patients

Fraedrich et al 1982 27 5,00,000 u/day x 5 days Cure in 44 % patients

Mitchell et al 1989 9 NA Cure in 44% patients

Willsie Ediger 1990 3 NA Cure in all

Aye et al 1991 14 NA Increased output in 93%

Henke et al 1992 12 2,50,000 U once Radiologic improvement in 

75%.Clinical in 67%

Bouros et al 1994 20 2,50,000 U OD(3-10days) Radiologic improvement in 85%

Taylor et al 1994 11 2,50,000 U OD(2-6 days) Lung re expansion in 73%

Laisaar et al 1996 23 2,50,000 U OD x 4 days Clinical response in 72 %

Temes et al 1996 26 3,00,000 U OD x 6 days Clinical response in 69%

Jerjes et al 1996 30 2,50,000 U OD(2-10days) 92% clinical improvement

Roupie et al 1996 16 2,50,000 U OD(1-2 days) Clinical improvement in 87.5%



Controlled trials - Streptokinase

Author Dise

ase

Type of 

trial

Drug Nu

mb

er

Dose 

used

ICTD 

size 

Results

Chin et al

(Chest 1997)

E/CP

E

Controlle

d trial 

(Non 

randomiz

ed)

STK vs 

Placebo

52 2,50,000 

U OD (1-

10 days)

24 Fr Drain output increased but no 

change in clinical outcomes

Davies et al 

(Thorax 1997)

E/CP

E

RCT STK vs 

Placebo

24 2,50,000 

U OD (1-

5 days

14 Fr Drain output, radiologic 

clearance and surgical referral 

rates better with STK

Diacon et al 

(AJRCCM 

2004)

E/CP

E

RCT STK vs 

Placebo

44 2,50,000

U OD (1-

7 days)

24-

28Fr

Better clinical success and fewer 

patients referred to surgery in the 

STK arm

Misthos et al 

(2005)

E/CP

E

RCT STK vs 

Placebo

127 2,50,000 

U OD x 

3days

28-

32 Fr

Better clinical success and lesser 

surgical referrals in the STK arm



Streptokinase vs Surgery

Author DIse

ase

Type of 

trial

Drug Nu

mb

er

Dose 

used

ICTD 

size 

Results

Wait etal

(CHEST 1997)

E/CP

E

RCT STK vs 

VATS

20 2,50,000 

U OD x 3 

days

36 Fr Treatment success better in the 

VATS group. Shorter hospital stay

Lim et al (ERJ 

1999)

E/CP

E

Controlle

d trial 

Drain 

alone vs 

STK vs 

STK+Early

Op

82 2,50,000 

U OD

7-

24Fr

Lesser mortality and lesser 

hospital stay in th early surgery

arm



 MIST 1 trial (Multicentric Intra pleural Sepsis trial)

 454 patients randomized to receive either streptokinase (2,50,000U) or 

placebo BD for 3 days.

 Inclusion criteria : Empyema, Positive pleural fluid gram stain or culture, 

Pleural fluid pH <7.2 

 Chest tube size used – 12 French

 Median duration of symptoms before randomization– 14 days

 Empyema – 83%







Postulated reasons

1. Streptokinase only breaks the fibrin strands but does not reduce the 

viscosity of the pus thereby hindering drainage through the small bore 

chest tube.

2. Streptokinase needs plasminogen for its initial activation. As the amount of 

plasminogen in the pleural fluid is low, the actual amount available for 

conversion to plasmin is decreased. 



Draw backs of this trial

1. Included patients without loculated collections also

2. Duration of symptoms prior to randomization is 14 days

3. Use of small bore chest tubes (12 fr) in patients even with 

frank empyema

4. Only CXR used for assessing response. 

5. Treatment protocols (antibiotics) were not uniform.



Intra pleural Urokinase
• Observational Trials

• RCTs



Intrapleural Urokinase- Observational 

studies

Author Year No. of 

patients

Dose used Outcome

Moulton et al 1989 13 80,000 -1,5000 U OD 92% success rate

Lee et al 1991 10 1,00,000 U OD (1-8 

days)

90% success rate

Pollak et al 1994 9 NA 89% success rate

Robinson et al 1994 13 1,00,000 U OD x 7 

days

77% success rate

Bouros et al 1996 20 50,000 U OD x 5 

days

65% success rate

Suarez et al 2012 210 1,00,000 U OD x 3 

days

75% success rate





Intrapleural Urokinase- RCTs

Author Dise

ase

Type of 

trial

Drug Num

ber

Dose 

used

ICTD 

size 

Results

Bouros et al

(1999)

E/C

PE

RCT Urokinase 

vs 

placebo

31 1,00,000 

U OD x 

3 days

28-32 

Fr

Lesser surgical referral. No 

effect on mortality

Tuncozgur

et al (2001)

E RCT Urokinase 

vs 

Placebo

49 1,00,000 

U OD x 

3 days

24-36 

Fr

Lesser surgical referral. No 

effect on mortality



Intra pleural DNAase
• Case reports



Intra pleural DNAase

 Invitro studies 

demonstrated the 

efficacy of DNA ase in 

liquefying empyema pus.

Chest 2000;117:1728-33.

Lung 2000;178:13-8.





 Two patients of loculated empyema treated with intra pleural DNAase 

alone

 2.5 mg given for 2 consecutive days.

 Both the patients clinically improved



Intra pleural Alteplase (rtPA)

• Observational studies

• RCTs



Intrapleural tPA – Observational studies 

Author Institute Year No.of 

patients

Dose used Outcome

Saleh et al University of

Ottawa, Canada

2013 186 16 mg OD x 

3days

85% success 

rate

Sharn et al University of North 

Carolina

2011 62 25 mg OD (1-8 

days)

86.4% 

success rate

Zuckerman 

et al

University hospital,

Cincinnatti

2009 25 6 mg (every 8-12 

hrs) 1-4 doses

72% success 

rate

Marios et al University of 

Alexandropoulis, 

greece

2008 20 25 mg OD (1-5 

days)

95% success 

rate

Debra t al Massachussetts

general  hospital

2008 66 4-6 mg BD X 

3days (1-2 cycles)

86% success 

rate

Thommi et al New York general 

Hospital

2007 83 10-100 mg OD x 

3-8 days

85% success 

rate

Gray M et al Mayo clinic 2007 30 2 mg every 8 hrs

(upto 9 doses)

100% success 

rate

Dionne etal University of North 

Carolina

2004 42 2-50 mg OD x 1-4 

days

78% success 

rate



 MIST 2 trial ( Multicentric intrapleural sepsis trial 2)

 210 patients randomized to four arms

 Double placebo

 tPA (10 mg BD x 3 days) plus DNAase (5 mg BD x 3 days)

 tPA (10 mg BD x 3 days) plus placebo

 DNAase (5 mg BD x 3 days) plus placebo

 Loculated effusion in 90% of the patients

 Mean duration of symptoms prior to randomization – 14 days

 Chest tube size used <15 Fr





 Conclusions ;

 Intrapleural tPA plus DNAase 

combination improved radiologic 

resolution, Decreased surgical 

referrals and also reduced the 

hospital stay.

 tPA alone or DNAase alone did not 

lead to any improved outcomes



DNAase monotherapy may be harmful (Increases surgical referrals and 

hospital stay)

Postulation :

 Systemic absorption of bacterial or inflammatory components after 

DNAase mediated biofilm disruption.

 Compounded by poor drainage due to undisrupted fibrinous septations.



 108 patients were included in the RCT

 Patients with empyema, complicated parapneumonic effusion who failed 

standard medical management (antibiotic plus chest tube drainage) and 

who were being considered for surgical drainage were included.

 A cross over trial

 Dose of alteplase : 25 mg OD x 3 days

 Results

 58 of 61 patients who received alteplase improved (95%)

 4 of 32 patients who received placebo improved (12%)





 Conclusions :

 Intrapleural instillation of alteplase is significantly superior to placebo in treating 

Loculated effusions.

 Safe and no major ADR noted.



 Published in 2012

 Included 7 RCTs

 Conclusions :

 Fibrinolytic therapy is potentially beneficial in managing parapneumonic 

effusions in adults.

 May be considered in patients with Loculated pleural effusions

 Further RCTs with adequate power are needed.









 Cochrane review published in the year 2009

 Prior to MIST2 trial

 Included 6 RCTs

 Conclusions :

 Intrapleural fibrinolytic therapy confers benefit in reducing the need for surgical 

intervention.

 Subgroup analysis (only loculated effusions) also shows similar results

 No mortality benefit.





Which fibrinolytic to choose??



An ideal fibrinolytic agent….

Pharmacokinetics/Dynamics :

 Fibrin Specific

 Direct plasminogen activator

 Short half life

Clinical :

 Good efficacy

 Less side effects

Practical :

 Easily available

 Affordable



Comparision between agents

 Only one trial compared streptokinase with urokinase (head to head)

 Included 50 patients (25 in each group)

 Doses used : (5 days mean)

 STK : 2,50,000 U OD

 Urokinase : 1,00,000 U OD

 Good treatment response in 23 patients of each group

 2 patients on STK developed high fever

 Conclusion : Urokinase is as efficacious as  but safer than Streptokinase

Am J Respir Crit Care Med. 1997 Jan;155(1):291-5.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Bouros+D,+Schiza+S,+Patsourakis+G,+et+al.+Intrapleural+streptokinase+versus+urokinase+in+the+treatment+of+complicated+parapneumonic+effusion.+Am+J+Respir+Crit+Care+Med.+1997;155:291%E2%80%93295.


Side effects ….

 Unique to Streptokinase 

 Fever

 Anaphylactic reactions

 Common to all

 Chest pain

 Local bleeding (Hemothorax, ICTD site bleed )

 Systemic bleed





Risk of bleeding….

 MIST 2 trial : 5 patients had serious bleeding

 2 intra pleural hemorrhage (rtPA + DNAase group)

 1 hemoptysis (rtPA + DNAase group)

 2 GI hemorrhage (DNAase alone group)

 2012 RCT (Alteplase)

 1 patient had severe ICTD site bleed 

 1 patient had intra pleural hemorrhage





Serious bleed occurred in 15 patients (6.6%).

Three patients needed emergency thoracotomy

One patient died because of massive hemorrhage



 4 patients of the 66 patients treated with fibrinolytics developed major intra 
pleural hemorrhage (5 events). Dose received was 4- 6mg

 All survived. One patient needed VATS

Risk based on systemic anticoagulation : (p<0.0001)

 Hemorrhages occurred only in patients on therapeutic anticoagulation . 5 out 
of 12 (33.3 %)

 No hemorrhage occurred in 38 patients on prophylactic anticoagulation 

 16 patients were not on any anticoagulation

Conclusion :

 Caution to be used in patients who are on systemic anticoagulation.



Pleural thickness-

Does it predict failure ??

 Conflicting results from 3 studies which reported this outcome

1. Park et al in their study on 31 patients found that pleural thickness >5 mm 
predicts failure with Urokinase.

2. Saleh et al in their study on 237 patients showed that pleural thickness > 
2mm predicts treatment failure (using a multivariate analysis)

3. Debra et al however showed that fibrinolytics can cause radiologic 
clearance even with pleura upto 13 mm thick.

Radiology: Volume 246: Number 3—March 2008

AJR Am J Roentgenol 1996;167:649–652.

BMJ Open 2013;3:e001887



Unanswered questions…..

1.Optimal dose to be used

2.Optimal Frequency

3.Optimal duration

4.Optimal indwelling time



Intra pleural antimicrobial agents.

Do they have a role??



Intrapleural antimicrobials

 Only described in case reports.

 Most of these are old studies

 No large study describing the role of intra pleural antimicrobial agents

 So far, used only as an experimental method of treatment



 12 year old immunocompromised 

boy with invasive aspergillosis,

 Developed bronchopleural fistula 

and pleural extension of infection

 Received 45 days of intra pleural 50 

mg amphotericin B in addition to 

systemic antifungals

 Improved



 Much before the anti tubercular drugs were discovered

 The treatment was intrapleural injection of Nitrogen.

 Causes lung collapse and was supposed to give rest to the affected lung, 

thereby resulting in cure.



 71 year old man with tubercular empyema and oropharyngeal cancer 

treated with intra pleural therapy.

 Drugs used intrapleurally: Twice a week

 INH 3 mg (20 Ug/ml)

 Amikacin 12 mg (80 Ug/ml)

 Levofloxacin 1.5 mg (10 Ug /ml)



 Other drugs tried intrapleurally in tubercular empyema include

 Streptomycin

 Oxytetracycline

 Para amino salicylic acid

 Hydrocortisone

 Intrapleural penicillin has also been tried in bacterial empyemas

 Tubercle. 1960 Oct;41:358-62.

 Minerva Med. 1956 Jun 6;47(45):1788-90.

 Schweiz Z Tuberc Pneumonol. 1956;13(1):67-74.

 Athena. 1950 Nov;16(11):257-61.

 G Ital Della Tuberc. 1950 Nov-Dec;4(6):456-79.

 Rev Esp Tuberc. 1951 Oct;20(199):599-641.

http://www.ncbi.nlm.nih.gov/pubmed/13768144
http://www.ncbi.nlm.nih.gov/pubmed/13348302
http://www.ncbi.nlm.nih.gov/pubmed/13351605
http://www.ncbi.nlm.nih.gov/pubmed/14800787
http://www.ncbi.nlm.nih.gov/pubmed/14813496
http://www.ncbi.nlm.nih.gov/pubmed/14912642


 10 rabbits injected with drug. 9 served as controls.

 Injection of intra pleural anti TGF beta after an induced 

empyema significantly reduces pleural fibrosis.



Summarizing the evidence…

 Intra pleural fibrinolytics definitely have  a role in the management of 

complicated para pneumonic effusions.

 When used in the subset of patients with non resolving collections (despite 

placement of chest drain), they decrease the surgical referral rates

 No effect on mortality

 Though less common, patients need to be monitored for evidence of 

bleeding (especially if on therapeutic anticoagulation)


