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Abstract We prospectively analyzed the surgical results
in chronic organizing empyema thoracis utilizing a
video-assisted thoracoscopic technique, particularly in
debilitated patients. From January 1999 to September
2000, ten patients with stage III empyema thoracis
underwent video-assisted thoracoscopic surgery for de-
cortication (VATD). The mean age of the patients was
53.2 years, and they included one female and nine male
patients. Four patients were regarded as not suitable for
open thoracotomy. After the procedure, all patients had
one infusion tube and two 32-F chest tubes inserted, the
former for irrigation with saline solution and the latter
for drainage. The mean operation time was 178 min.
There was no mortality. The mean time to remove the
infusion tube was 3.3 days. The mean time to remove
the first chest tube was 7.1 days and the second chest
tube 9.7 days. The mean hospitalization time after the
operation was 14.9 days. The mean follow-up was 14.9
months. A restoration of lung function was ascertained
in nine patients, with a 17.6% mean increase in forced
vital capacity. There was no recurrence of empyema
during the follow-up. Nevertheless, a reaccumulation of
pleural effusion occurred in one patient 1 month after
the procedure, which thus necessitated further treat-
ment. VATD is considered to be a feasible surgical
modality for the treatment of stage III empyema
thoracis in selected patients.
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Introduction

Thoracic empyema usually occurs as an extension of an
infectious process, most commonly originating from the
lung.! It is estimated that 5% of the 1.2 million annual
cases of pneumonia are complicated with the empy-
ema.”> For description and treatment purposes, three
stages (exudative, fibrinopurulent, organizing) were
defined by the American Thoracic Society in 1962.3 The
selection of the appropriate therapy for pleural infec-
tion depends on the stage of the empyema. Surgical
intervention is regarded as inevitable in stage II and III
patients. However, the surgical technique to treat such
patients has gradually changed over time. Thanks to the
advancement of video-assisted thoracoscopic surgery
(VATS), many recent reports have encouraged the use
of this technique to treat patients with stage II empy-
ema instead of using a tube thoracostomy alone.*'¢ The
technical difficulty caused by pleural adhesion and
loculation is no longer a problem. Furthermore, as our
experience accumulates, we are increasingly trying to
manage patients with stage III empyema solely using
VATS. We prospectively used this technique in ten
patients and report our early results.

Patients and Methods

From January 1999 to September 2000, ten patients
with nontuberculous stage III empyema thoracis
prospectively entered the protocol so that we could
evaluate the role of video-assisted thoracoscopic decor-
tication (VATD) in chronic organizing empyema. They
were all referred from the Medical Department after
chest tube or pigtail drainage had failed. The mean age
of the patients (1 woman and 9 men) was 53.2 years, and
ranged from 31 to 78 years. Chest radiograms and com-
puted tomography (CT) showed the lung was encased
by a marked degree of fibrous peel in all patients
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Fig. 1a,b. A 45-year-old man with right chronic empyema (presurgery). a Chest film after chest tube insertion. b Chest computed

tomography showing thick pleura and collapsed lung

(Fig. 1). During the same period, 42 patients with
empyema were admitted for treatment. Patients with
an uncontrolled infection or with obvious necrotic lung
parenchyma were excluded from the protocol. The
patient profiles are summarized in Tables 1 and 2.

The patients were anesthetized with one-lung ventila-
tion, and placed in the lateral decubitus position. Usu-
ally a three-port approach was adopted. One port was
used for the telescope and the others for the manipulat-
ing instruments. We usually used the existing tube-
thoracostomy wound as the first port site to insert the
0° thoracoscope (with an instrument channel built in).
Using this thoracoscope we could insert the instrument
via the channel to start debridement. A pleural space
was then created which was sufficiently large for the
other ports to be inserted under direct vision. We then
changed the thoracoscope to a 30° telescope with an
enlarged view. Using endoscopic and conventional in-
struments, decortication and the removal of the thick-
ened peel were performed. The latter involved the
careful dissection and removal of the fibrous tissue over
the encased lung, which, in essence, is the same proce-
dure as that used in an open thoracotomy (Fig. 2).
Sometimes the concomitant removal of visceral pleura
was inevitable due to the dense adhesion of the fibrous

peel to the pleura, leading to mild air leakage. The final
expansion of the lung could be confirmed visually with
the telescope to ensure the completeness of the proce-
dure. Two 32-F chest tubes were then inserted individu-
ally in the two port sites of the most dependent position
to drain the fluid. The third port site was inserted with
an infusion tube, which was actually a transfusion set
(Fig. 3). Through this tube daily saline solution irriga-
tion was performed to remove any residual fibrin debris
and blood clots. No negative pressure was connected to
the chest tubes. A chest radiogram was taken daily over
the first 3 days. If the expansion of the lung was not
sufficient, then a 50-cmH,O negative pressure was con-
nected to the chest tubes to improve the expansion.
Irrigation was stopped and the infusion tube removed
when clear drainage fluid was obtained. Finally, the
chest tube was removed when the amount of drainage
fluid became less than 100ml per day.

Results

The mean duration of disease before the operation was
28.4 days, with a range of 16-78 days. The mean opera-
tion time was 178 min, with a range of 90-270min. The
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Table 1. Patient profiles before surgery
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Patient no. Sex/age (y) Disease duration (days)* FEV, () FVC (I) Management before surgery Cause of disease®

1c F/78 78 0.91 1.05 Pigtail drainage DM, PN

2 M/31 16 1.21 1.50 Chest tube drainage Trauma

3 M/45 20 1.18 1.49 Pigtail drainage PN

4 M/44 19 1.10 1.41 Chest tube drainage PN

5¢ M/51 20 0.93 1.10 Pigtail drainage PN

6 M/37 20 1.31 1.55 Pigtail drainage PN

7e M/72 19 0.87 0.99 Pigtail drainage DM, PN

8¢ M/72 40 1.22 1.47 Chest tube drainage Trauma

Qe M/57 30 0.95 1.33 Chest tube drainage DM, HD, PN
10 M/45 22 1.51 2.00 Chest tube drainage Alcoholism, PN

FEV,, forced expiratory volume in the first second; FVC, forced vital capacity; DM, diabetes mellitus; PN, pneumonia; HD, hemodialysis due to

renal failure before lung disease

2The duration of disease before surgery

*The cause of the empyema or the combined disease

¢These patients were regarded as not suitable for open thoracotomy
dThis patient experienced reaccumulation of effusion

Table 2. Findings of computed tomography (CT) before surgery

Size of empyema Thickened  Pulmonary  Pneumonitis or
Patient Space? Side pleura consolidation atelectasis Lung abscess Other findings
1 1/3 hemithorax R + + - - Contralateral pleural
effusion
2 1/3 L + - + - Liver laceration
3 1/5 R + - + -
4 1/3 L + - + - Calcified spots in bilateral
upper lobes
5 1/3 L + - + + Hepatomegaly
6 1/5 R + + - -
7 12 R + - - -
8 1/3 L + - + -
9 12 R + - + -
10 1/3 R + + - -

R, right-sided pleural empyema; L, left-sided pleural empyema

2The size of the empyema space is estimated based on the CT data and is designated as the ratio of the volume of the empyema space to the

volume of the ipsilateral hemithorax

mean blood loss was 247 ml, ranging from 100 to 500 ml.
There was no mortality throughout the course of this
study. Air leakage was observed in all cases but it was
short-lived, with a mean duration of 2.2 days, ranging
from 1 to 5 days. The mean time to remove the infusion
line was 3.3 days, ranging from 3 to 5 days. The mean
time to remove the first chest tube was 7.1 days, ranging
from 4 to 15 days, and the second chest tube, 9.7 days,
ranging from 5 to 20 days. The mean hospitalization
time after the operation was 14.9 days, ranging from 7
to 34 days. The mean follow-up was 14.9 months, rang-
ing from 10 to 24 months. The lung function test was
performed before surgery and 3 months thereafter. An
accumulation of effusion, due to continuous pleural
oozing, resulting in a partial lung collapse was noted in
one patient (11%) 1 month after the operation. Exer-
tion dyspnea was also noted in this patient, and an open

thoracotomy was recommended. The remaining nine
patients had no recurrence (Fig. 4), with a 17.6% mean
improvement in forced vital capacity, ranging from 12%
to 40%. The results are summarized in Table 3.

Discussion

Delays in appropriate referral for surgical drainage of
empyema continue to cause a significant prolongation
in the recovery from these infectious problems.'”'¥ A
high rate (24.2%) of chronic empyema has been re-
ported in one series of 338 patients with intrathoracic
suppuration.’” The successful management of thoracic
empyema requires prompt treatment with drainage and
antibiotics.!* To attain an acceptable cure rate, anti-
biotics alone are not sufficient to treat empyema in the
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Fig. 2. a Using conventional ring forceps and a suction-
irrigation tube, we can eradicate any pleural debris. b Using
the conventional right-angled dissecting forceps and endo-
scopic grasping forceps, we can dissect the visceral peel

Fig. 3. Two 32-F chest tubes and one infusion tube were
inserted after completing the surgery

exudative stage.”’ A large-bore chest drainage tube is
mandatory to prevent progression of the disease. If
fibrinopurulent empyema occurs after antibiotics and
simple drainage fail to achieve satisfactory results, then
VATS is the best way to debride the pleural space.
Fibrinolytic agents have been demonstrated to be useful
in treating multiloculated empyema in some reports,
with a success rate ranging from 67 % to 90% .2-?° This is
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Fig. 4. A chest film of the same patient in Fig. 1, 2 months
after surgery, shows full expansion of the right lung

therefore another useful treatment for stage II empy-
ema in addition to VATS, although Wait et al. reported
a higher efficacy for VATS than for fibrinolytic
therapy.!! Once chronic organizing empyema with thick
fibrous peel is encountered, then decortication with
open thoracotomy is considered the gold standard in all
reports on chronic empyema therapy.!10-1620.27.30-2 How-
ever, we consider VATD to be another useful treatment
modality.

Although a thoracoscopic evacuation of empyema
can eradicate the pleural infections, as seen in the favor-
able result of VATS in treating the patients for fibrin-
opurulent empyema, the addition of peel removal on
the lung surface in chronic empyema may sometimes
cause lung damage,” which can aggravate the infection
in these morbid patients.”* Since the removal of peel
and, sometimes, a visceral pleurectomy are mandatory
when using this procedure, patients with an uncon-
trolled current infection must be excluded from this
protocol.

The main technical challenge of VATD depends on
the degree to which surgeons can reduce the residual
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Table 3. Profile of operative results
Operation Air leak Infusion 1st chest 2nd chest Hospital Functional

Patient duration (min) (days) tube (days)? tube (days)? tubes (days)*  stay (days)  outcome (%)®

1 225 2 3 4 5 11 12

2 180 1 3 5 8 16 12

3 210 2 3 7 11 14 15

4 180 1 3 4 6 7 18

5 150 3 5 9 10 13 15

6 90 1 3 4 5 8 5

7 135 3 3 9 13 21 40

8 270 3 3 8 11 14 Nil

9 145 5 3 15 20 34¢ 12
10 195 1 4 6 8 11 20
Mean 178 22 33 7.1 9.7 14.9 17.6

aNumber of days before removing the infusion tube, first chest tube, and second chest tube

*Improvement in forced vital capacity

¢The long hospital stay was due to other associated diseases in this patient

pleural space and hence achieve maximal pulmonary
expansion. The removal of dense pleural peel is a
technical problem when performing VATD in stage 111
empyema. Meticulous dissection and time-consuming
piece-by-piece peeling are mandatory in the procedure,
which is why the surgery takes a long time. However,
due to improvements in the thoracoscopic technique in
our latest cases, a shorter operation time was achieved.

The condition of the lung parenchyma that must be
expanded determines the success of the procedure.
Both bronchoscopy and chest CT are essential tools to
evaluate the possibility of reexpanding the lung. An
endobronchial obstruction can be detected by broncho-
scopy, which precludes lung expansion.'” The CT find-
ings of thickening and the increased contrast uptake of
the parietal pleura, thickening and an increased density
of the subcostal tissues, as well as an encapsulated and
biconvex shape of effusion, are highly suggestive of
pleural empyema.’33* The “split-pleural” sign is useful
for identifying the organizing phase of empyema.* The
“retraction index” is also useful for predicting the chro-
nicity of the empyema when the volume of the diseased
hemithorax is smaller than that of the healthy one.!
However, there is no single criterion that can predict the
expansion of the lung after this procedure. In our proto-
col, the CT findings of solid pneumonitis with cavity
formation in the lung parenchyma exclude the patients
from undergoing this protocol (Table 4). This is not
always reliable. During surgery a direct examination of
the pleura endoscopically with the simultaneous infla-
tion of the lung in an effort to promote its expansion is
much more informative.”*%3! In patients with an unre-
solved residual pleural space, the existence of a dead
space after radical surgery can basically be permitted in
all cases.** However, VATD coupled with endoscopi-
cally harvested muscle or omental flaps is another pos-
sible future option.!s3¢

Table 4. Criteria for selecting patients for video-assisted
thoracoscopic decortication

1. The patient can tolerate general anesthesia with one-lung
ventilation

2. Any concurrent pleural infection is under control

3. There is no endobronchial lesion that might cause an
infection

4. The computed tomography findings of a solid
pneumonitis with cavity formation in the lung
parenchyma rule out such patients

5. Patients with evidence of a pulmonary tuberculosis
infection are ruled out

The irrigation of the pleural cavity after this proce-
dure is necessary to ensure that there will be no
reaccumulation of fibrin debris and blood clots, as dem-
onstrated in previous reports.'*33437 No antibiotics are
added to the irrigation solution since infection control is
not our main concern. The criteria for when to remove
the infusion and drainage tubes are still under evalua-
tion. Unfortunately, using the criteria mentioned above,
we had one occurrence of massive pleural effusion after
an initial nearly complete lung expansion, which may
have been caused by continuous pleural oozing. Stricter
criteria for removing the chest tubes may thus be
needed to avoid such events. In one report, irrigation
was continued until three consecutive cultures of irriga-
tion fluid had become sterile.’” Therefore, the duration
of irrigation, 14 days, was longer, and the chest tubes
were left in place for 20 days.’’” The use of talc in
selected patients, which can cause pleurodesis and thus
prevent the reaccumulation of pus, as reported by
Weissberg and Colleagues, ¥ is another potential
treatment method.

The reported extents of lung function restored by
open thoracotomy decortication vary greatly, from a
10% to 90% increase in vital capacity.“* In one of the
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studies of open decortication with prospective data and
statistical evaluations, the reported 14.5% increase in
vital capacity is compatible with our results of a 17.6%
increase.*

The mean operation time for the thoracoscopic treat-
ment of fibrinopurulent pleural empyema was reported
to range from 82 to 119min.*!"* The operation time for
VATD is somewhat longer, and it is also longer than
that of the open method. This is the weak point of
VATD at present. However, with experience the time
differential is expected to decrease quickly. Our intra-
operative blood loss was less than the reported 325ml in
VATS for fibrinopurulent empyema.”> No shortened
hospitalization using the VATS technique was seen in
our cases, based on the reported mean hospitalization
time of 6.7-12.3 days.®'3> The reason for this may be
partly due to the poor condition of our patients, who
were not strong enough to undergo open decortication,
and thus needed a longer time to recover after surgery.
Therefore, the operability of these debilitated patients
outweighs the previous two problems.

In conclusion, the treatment of late-stage empyema
requires a case-by-case decision-making process. If the
patient selection is suitable and the surgeons perform-
ing VATS have sufficient expertise and experience,
then the VATD modality is considered to be an appro-
priate treatment method for patients with stage III
empyema thoracis, especially in debilitated patients for
whom open thoracotomy is not indicated. Finally, in the
case of fibrothorax, thoracoscopic management is not
indicated due to the existence of the VATS technique at
present.

References

1. Pothula V, Krellenstein DJ (1994) Early aggressive surgical
management of parapneumonic empyema. Chest 105:823-
836

2. Light RW, Cirard WM, Jenkinson SG, George RB (1980)
Parapneumonic effusions. Am J Med 69:507-511

3. Andrews NC, Parker EF, Shaw RR, Wilson NJ, Webb WR (1962)
Management of nontuberculous empyema: a statement of the
subcommittee on surgery. Am Rev Respir Dis 85:935

4. Ferguson MK (1993) Thoracoscopy for empyema, broncho-
pleural fistula, and chylothorax. Ann Thorac Surg 56:644—
645

5. Liu HP, Change CH, Lin PJ, Hsieh HC, Change JP, Hsich MJ
(1994) Video-assisted thoracic surgery: the Change Gung experi-
ence. J Thorac Cardiovasc Surg 108:834-840

6. Sendt W, Forster E, Hau T (1995) Early thoracoscopic debride-
ment and drainage as definite treatment for pleural empyema.
Eur J Surg 161:73-76

7. Landreneau RJ, Keenan RJ, Hazelrigg SR, Mack MJ, Maunheim
KS (1996) Thoracoscopy for empyema and hemothorax. Chest
109:18-24

8. Mackinlay TAA, Lyons GA, Chimondeguy DJ, Piedras MA,
Angaramo G, Emery J (1996) VATS debridement versus thorac-
otomy in the treatment of loculated postpneumonia empyema.
Ann Thorac Surg 61:1626-1630

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Y. Cheng et al.: VATS Decortication

. Hornick P, Clark D, Townsend E, Fountain W (1996) Video-

thoracoscopy in the treatment of early empyema: an initial ex-
perience. Ann R Coll Surg Engl 78:45-48

Silen ML, Naunheim KS (1996) Thoracoscopic approach to the
management of empyema thoracis. Indications and results. Chest
Surg Clin North Am 6:491-499

Wait MA, Sharma S, Hohn J, Dal Nogare A (1997) A randomized
trial of empyema therapy. Chest 111:1548-1551

Lawrence DR, Ohri SK, Moxon RE, Townsend ER, Fountain SW
(1997) Thoracoscopic debridement of empyema thoracis. Ann
Thorac Surg 64:1448-1450

Striffeler H, Gugger M, Im Hof V, Cerny A, Furrer M, Ris HB
(1998) Video-assisted thoracoscopic surgery for fibrinopurulent
pleural empyema in 67 patients. Ann Thorac Surg 65:319-323
Cassina PC, Hauser M, Hillejan L, Greschuchna D, Stamatis G
(1999) Video-assisted thoracoscopy in the treatment of pleural
empyema: stage-based management and outcome. J Thorac
Cardiovasc Surg 117:234-238

Lackner RP, Hughes R, Anderson L, Sammut PH, Thompson AB
(2000) Video-assisted evacuation of empyema is the perferred
procedure for management of pleural space infections. Am J Surg
179:27-30

Krasna MJ (1998) Thoracoscopic decortication. Surg Laparosc
Endosc 8:283-285

Cham CW, Haq SM, Rahamim J (1993) Empyema thoracis: a
problem of late referral? Thorax 48:925-927

Strange C, Sahn SA (1993) The clinician’s perspective on
parapneumonic effusions and empyema. Chest 103:259-261
Balogh G, Mendly J, Horvath G, Repa I (1999) The role of CT
examination in diagnostics and surgery of chronic empyema
thoracis. Acta Chir Hung 38:9-12

Kaplan DK (1994) Treatment of empyema thoracis: editorials.
Thorax 49:845-846

Lee KS, Im J, Kim YH, Hwang SH, Bae WK, Lee BH (1991)
Treatment of thoracic multiloculated empyemas with intracavi-
tary urokinase: a prospective study. Radiology 179:771-775
Gerardi DA, Schatz P, Lahiri B (1993) Intrapleural urokinase in
the treatment of empyema. Chest 104(suppl):161S

Robinson LA, Moulton AL, Fleming WH, Alonso A, Galbraith
TA (1994) Intrapleural fibrinolytic treatment of multiloculated
thoracic empyemas. Ann Thorac Surg 57:803-814

Bergh NP, Ekroth R, Larsson S (1977) Intrapleural streptokinase
in the treatment of hameothorax and empyema. Scand J Thorac
Cardiovasc Surg 11:265-268

Bouros D, Schiza S, Panagou P, Drositis J, Siafakas N (1994)
Role of streptokinase in the treatment of acute loculated para-
pneumonic pleural effusions and empyema. Thorax 49:852-855
Taylor RFH, Rubens MB, Pearson MC, Barnes NC (1994) Intra-
pleural streptokinase in the management of empyema. Thorax
49:856-859

LeMense GP, Strange C, Sahn SA (1995) Empyema thoracis:
therapeutic management and outcome. Chest 107:1532-1537
Aye RW, Froese DP, Hill LD (1991) Use of purified strepto-
kinase in empyema and hemothorax. Am J Surg 161:560-562
Pollack JS, Passik CS (1994) Intrapleural urokinase in the
treatment of loculated pleural effusions. Chest 105:868-873
Weissberg D, Refaily Y (1996) Pleural empyema: 24-year experi-
ence. Ann Thorac Surg 62:1026-1029

Davies RJO, Gleeson FV (1998) The diagnosis and management
of pleural empyema. Curr Opin Pulmon Med 4:185-190

Ridley PD, Braimbridge MV (1991) Thoracoscopic debridement
and pleural irrigation in the management of empyema thoracis.
Ann Thorac Surg 51:461-464

Mackenzie JW (1996) Video-assisted thoracoscopy: treatment for
empyema and hemothorax. Chest 109:2-3

Kirsch E, Guckel C, Kaim A, Steinbrich W (1994) The findings
and value of computed tomography in pleural empyema. Rofo
Fortschritte auf dem Gebiete der Rontgenstrahlen und der Neuen
Bildgebenden Verfahren 161:404-411



35.

36.

37.

38.

39.

40.

. Cheng et al.: VATS Decortication

McLoud TC (1998) CT and MR in pleural disease. Clin Chest
Med 19:261-276

Okada M, Tsubota N, Yoshimura M, Miyamoto Y, Yamagishi H,
Satake S (2000) Surgical treatment for chronic pleural empyema.
Surg Today 30:506-510

Hutter JA, Harari D, Braimbridge MV (1985) The management
of empyema thoracis by thoracoscopy and irrigation. Ann Thorac
Surg 39:517-520

Weissberg D, Kaufman M (1986) The use of talc for pleurodesis in
the treatment of resistant empyema. Ann Thorac Surg 41:143-
145

Weissberg D, Ben-Zeev I (1993) Talc pleurodesis. Experience
with 360 patients. J Thorac Cardiovasc Surg 106:689-695
Konietzko N, Brandstetter F, Steinberg U, Petro W (1980) Die
gefesselte Lunge — Ergebnisse der Dekortication. Atemwegs-u
Lungenkrankh 6:191-200

41.

42.

43.

44.

45.

46.

25

Montenegro JM (1974) Indikationen und Ergebnisse der
Pleuradekortikation. Thoraxchirurgie 22:425-429

Patton WE, Waston TR Jr, Gaensler EA (1952) Pulmonary func-
tion before and at intervals after surgical decortication of the lung.
Surg Gynecol Obstet 477-496

Petro W, Waassen W, Greschuchna D, Steinberg U, Konietzko N
(1982) Regional and global lung function in unilateral fibrothorax
after conservative therapy and decortication. Thorac Cardiovasc
Surg 30:137-141

Sommerverck D (1974) Funktionelle Ergebnisse nach Dekortika-
tion. Thoraxchirurgie 22:430-434

Toomes H, Vogt-Moykopf I, Ahrendt J (1983) Dekortikation der
Lunge aus funktioneller Sicht. Prax Klin Pneumol 37:335-398
Swoboda L, Laule K, Blattmann H, Hasse J (1990) Decortication
in chronic pleural empyema. Investigation of lung function based
on perfusion scintigraphy. Thorac Cardiovasc Surg 38:359-361



