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Abstract In 1910 Hans Christian Jacobaeus from Sweden first re
Background: The role of video-assisted thoracic surgery ported using a cystoscope to examine the pleural and pel
(VATS) in trauma has yet to be established. Up to the timecardial cavities in humans with nontraumatic conditions
of this writing, reviews of thoracoscopy in trauma have beer{16]. In 1919 Dr. Lilienthal in New York recommended
primarily descriptive rather than analytic. This article ana-creating an artificial pneumothorax in a case involving a
lyzes the results of thoracoscopy (nonvideo and VATS) inthoracic gunshot wound to identify the bullet position as
trauma. being in either the lung or diaphragm [35]. It was believed
Methods:Analysis was done by reviewing 28 nonoverlap- that on radiographic examination, a bullet in the lung would
ping studies since the introduction of thoracoscopy in 1910recede during induction of an artificial pneumothorax. In
with a combined total of more than 500 patients. 1924 Dr. Edwards in England reviewed the use of thora
Results: Diagnostically, thoracoscopy has been used pri-coscopy in surgery, but its application to trauma care wa
marily to evaluate diaphragmatic injury, continued chestnot reported [10]. In 1946, Branco in Brazil used thoracos:
tube bleeding, and suspected cardiac injury. Thoracoscopyopy in five cases of acute hemothorax from penetrating
has a 98% (188/191 patients) accuracy rate in diagnosingauma to avoid thoracotomy and reported how trocar site
diaphragmatic injuries. Therapeutically, thoracoscopy hasould be used to aspirate blood for autotransfusion [6]. Ir
been used primarily to control chest tube bleeding, evacuat&974, Senno in New York reported using a bronchoscope ¢
retained hemothoraces, and evacuate empyemas. Thoracasthoracoscope to visualize bleeding from a stab wound i
copy is 90% (89/99 patients) effective in evacuating re-one patient [31]. In 1981, a thoracoscope was used for d
tained hemothoraces, 86% (19/22 patients) effective iragnosis and therapy in 36 cases of penetrating trauma i
evacuating empyemas, and 82% (33/40 patients) effectiveluding a case of blunt aortic rupture [17]. In 1993, video-
in controlling chest tube bleeding. Thoracoscopy benefitassisted thoracic surgery (VATS) was introduced intc
include preventing 62% (323/514) of trauma patients fromtrauma care in a series evaluating diaphragmatic injury [30]
having a thoracotomy or laparotomy. Risks include a 2% Diagnostic and therapeutic VATS applications in
(11/534 patients) procedure-related complication rate and iauma must be evaluated in the context of existing modali
0.8% (4/471 patients) missed injury rate. Technical failureties (Table 1). To date, VATS applications in trauma have
rates are 10% (10/99 patients) and 4% (7/199 patients) ibeen primarily for diagnosis and not therapy, in both the
evacuation of retained hemothoraces and evaluation of diacute and subacute settings. Due to the potential benefits
phragmatic injuries, respectively. a patient experiencing less pain and having a shorter reco
Conclusions:Analysis suggests that thoracoscopy (non-ery with VATS, it may be preferred over a thoracotomy
video and VATS) can be applied safely and effectively inbecause large incisions are associated with significant mo
the care of the injured patient. bidity and hospitalization whether major injuries are found
or not. Consequently, VATS has been applied in blunt an
penetrating trauma. A summary of reported indications an
contraindications is listed in Table 2. In addition to the listed
contraindications, VATS should not be used initially for
injuries that may be treated with thoracostomy tubes, nor fo
injuries (esophagus, aorta) in which accurate contrast stu
ies are initially available.

This review analyzes the results of thoracoscopy (non
S video and VATS) in 28 trauma studies with a combined
Correspondence taR. T. Villavicencio total of more than 500 patients.
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Table 1.Diagnostic tools for thoracic trauma: strengths and weaknesses

Strength

Weakness

Physical exam

DPL
CT

Ultrasound

Laparoscopy

Chest tube

VATS

Subxyphoid
pericardial window
CXR

Contrast study

EKG

Pericardiocentesis

Expeditious, safe, and inexpensive
Potential for serial examination
Evaluate entire body simultaneously
Differentiate intrapulmonary from pleural fluid

Expeditious, safe, and inexpensive
Detection of pericardial fluid and aortic injury
Potential for serial examination

Diagnosis of diaphragmatic injury
Diagnose and possibly treat associated abdominal injury(s)

Expeditious, safe, and inexpensive
Therapeutic for hemo/pneumothorax
Evaluation of lung, chest wall, diaphragm, mediastinum, and pericardium
Potential for treatment
Diagnosis of cardiac injury

Expeditious, safe, and inexpensive
Diagnosis of foreign body location, bony injury, and hemo/pneumothorax
Potential for serial examination
Diagnosis of esophageal injury
Diagnosis of aortic injury
Expeditious, safe, and inexpensive

Potential for serial examination
Expeditious and inexpensive

Diagnosis of diaphragmatic injury

Diagnosis of diaphragmatic injury
Diagnosis of diaphragmatic injury
Expensive
Controversial need for contrast
Diagnosis of diaphragmatic injury

Diagnosis of intrathoracic injury
Risk of tension pneumothorax
Expensive
Difficult to perform in busy ER
Nondiagnostic for bleeding source

Requires operating room
Expensive
Evaluation of associated thoracic injury(s)

Diagnosis of diaphragmatic injury

Time consuming
Patient must be stable
Rhythm may be nondiagnostic for type ¢

cardiac injury
Unreliable in acute tamponade
Potentially harmful

Laparotomy Diagnose and treat diaphragmatic injury Long incision
Diagnose and treat associated abdominal injury(s) Potentially longer hospitalization
Risk of unnecessary laparotomy
Thoracotomy Diagnose and treat thoracic injury(s) Long incision

Potentially longer hospitalization
Risk of unnecessary thoracotomy

CT, computed tomography; CXR, chest x-ray; DPL, diagnostic peritoneal lavage; EKG, electrocardiogram; ER, emergency room

Results injuries. Nine of the 84 injuries were repaired with the use
of VATS. Three procedure-related complications occurrec
in the 199 patients [30]. Overall, thoracoscopy in these 1!
studies had a sensitivity of 100%, a specificity of 97%, anc
an accuracy of 98% (Table 4). In one study of diaphrag:
As determined by the number of studies, VATS has beematic injuries mandating laparotomy after VATS to confirm
used primarily to evaluate diaphragmatic injury and secondthoracoscopic findings, in which intraoperative VATS find-
arily to assess continued chest tube bleeding (Tables 3 aridgs were blinded to the abdominal surgeons, VATS hac
4). This section focuses on the diagnosis of diaphragmati¢00% sensitivity, specificity, and accuracy as compare
injury. Evaluation of continued chest tube bleeding will be with 88% sensitivity, 100% specificity, and 96% accuracy
reviewed together with its management in the followingfor laparotomy [34].
section on therapeutic efficacy.

The literature published between 1975 and 1997 con-
tains 15 reports involving a total of 199 patients in which ) )
VATS or nonvideo thoracoscopy was used to evaluate sustherapeutic efficacy
pected diaphragmatic injury (Table 4). Seven of these stud-
ies were prospective, eight retrospective, and none randonf-herapeutic VATS in trauma has been used to primarily (a
ized. Injuries consisted of 134 stab wounds (67%), 21 gunevaluate and control continued chest tube bleeding, (k
shot wounds (10%), 22 nonspecified penetrating woundgvacuate retained hemothoraces, and (c) evacuate emy
(11%), and 23 blunt injuries (12%). emas (Table 5). Forty patients from 10 studies have bee

On presentation, the majority of patients, having noevaluated for continued chest tube bleeding, defined usual
definite evidence of diaphragmatic injury, underwent sur-as drainage of more than 1,500 ml in 24 h [22, 33, 39], 20(
gery within 24 hours of injury. Of the 199 suspected dia-ml/h or more for several hours [17, 23, 24, 31, 32, 38], ot
phragmatic injuries, 84 were confirmed by laparotomy orboth. Five additional patients from one study who presente:
thoracotomy. Thoracoscopy correctly diagnosed 82 of 84vith acute hemothorax from penetrating trauma as evalu

Diagnostic efficacy
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Table 2.Reported indications and contraindications for VATS in trauma quired when |igated intercostal vessels retracted beneath ftl
pleura and when significant bleeding obscured its origir
[39]. No procedure-related complications occurred in the 4(
Evaluation and control of contin-  Hemodynamic instability [22, 24, patients.

Indications Contraindications

;gdgezs;“gge 55'3663";?9 SO %letﬂ] olerate singled Another therapeutic application of VATS is the evacu-

) ) , ) B naoilli 0 tolerate single-lung . . . .

Early evacuation of retained he- ventilation or lateral decubitus atlor? of posttraumatic empyemas. Thlrty patients frpm €
mothoraces [12, 22, 24, 25, 33,  position [12, 22] studies [12, 21, 22, 24, 29, 33] have been treated with th
39] Obliterated pleural space [12] use of VATS, although the actual number may be less tha

Evacuationand decortication of Indication for emergency thoracot- 30 due to overlapping of a few patients between reference
empyemas [12, 14, 22, 24,29,  omy or sternotomy (.., un- [12] and [33]. The mean postinjury day of operation varied

33] controlled high volume air S

Evaluation and treatment of sus-  leak, cardiac tamponade, major @mong the studies: 4 [22], 10.3 [33], and 23.7 days [29]
pected diaphragmatic injury hemorrhage) [22, 24, 30, 37] Excluding reference [21], which does not specify how many
(16, 17, 20, 22, 30, 33, 37, 39] Bleeding diathesis [12] posttraumatic empyema cases required conversion to a th

Evaluation and treatment of per-

; . racotomy, VATS was successful in 19 (86%) of 22 case:
tent air leak [22, 23, 39
EVZ;E;?Onagf E?eugm cavity o]paci_ (Table 5). Several authors have reported a 100% thera_peul
fication [23, 24, 26] success rate: 1/1 [22], 1/1 [24], 8/8 [29], and 6/6 patients
Reg“g‘iva' of foreign body [4, 7, [33]. Two procedure-related complications (trapped lung
Evaluation of mediastinal injury and persistent air leak) occurred in th_e 3_0 patients [29]_
[39] Several other procedure-related complications occurred |

these studies, but it is unclear whether they occurred in th
empyema cases [12, 21].

The use of VATS in the evacuation of posttraumatic
Table 3.Diagnostic thoracoscopic applications in trauma: review of retained hemothoraces is reported in eight studies [12, 2:
the literature 22, 24-26, 33, 39] with 99 patients, although the actua

Diagnostic applicatioris(no. of patients) number may be less than 99 due to overlapping of a fev
patients between references [12] and [33]. Evacuation c
retained hemothoraces by VATS in these studies occurre

No. of g?:;”“ed Suspected after failed management with thoracostomy tubes. In thre
patients tube cardiac  Widened persistent  Studies, retained hemothorax was defined additionally a
Reference in study bleeding injury mediastinum  air leak clot estimated to be more than 500 ml or occupying at leas
one-third of the involved thoracic cavity by computed to-
2 5 > 2 - - - mography (CT) scan [12, 22, 39]. In only one study was ¢
17 36 7 _ _ _ mean evacuation volume (mean, 1,200 ml; range, 500—26(
33 11 1 — — 1 ml) reported [22]. Mean postinjury day to operation varied
29 8 — — — 1 among the studies: 4.3 [25], 4.5 [12], 4.8 [1], 5.3 [33], 10
% ; ; - - [26], and 10.8 days [39]. Evacuation by VATS was suc-
13 1 _ _ _ 1 cessful in 89 (90%) of 99 cases (Table 5): 9/13 [1], 17/1€
39 41 6 — 1 1 [12], 3/3 [14], 7/7 [21], 11/12 [22], 3/3 [23], 18/18 [24], 2/3
22 42 6 — — 5 [25], 1/2 [26], 3/3 [33], 2/2 [38], and 13/14 patients [39].
o ;a 108 - - Three procedure-related complications (transient arterie
7 1 _ 1 _ _ oxygen desaturations, which corrected after resumption ¢
38 5 1 2 — 1 bilateral lung ventilation) occurred intraoperatively [12].
23 12 1 — — 4 Postoperatively, two pneumonias and one wound infectio
TOTAL 40 114 1 14

were reported in one study [12], and one persistent loculate
2Excludes evaluation of diaphragmatic injury presented in Table 4 pneumothorax was reported in another study [1]. In stil
another study two procedure-related complications (inad
vertent diaphragmatic injuries during the creation of inter-
ated thoracoscopically were not included among the 40 pacostal access) occurred, but it is unclear whether they o
tients in the 10 studies because the use of chest tubes waarred in patients with retained hemothoraces [21].
not mentioned, nor was the rate of bleeding specified [6].  The following therapeutic VATS applications have been
Overall, thoracoscopic control of bleeding and avoid-reported in trauma: electrocauterizing, suturing, or endo
ance of a thoracotomy was successful in 33 (82%) of 4Qlipping of bleeding intercostal vessels [11, 17, 22, 39];
cases: 5/5 [6], 6/7 [17], 4/6 [22], 1/1 [23], 11/11 [24], 1/2 stapling or suturing of diaphragmatic lacerations [3, 19, 20
[31, 32], 1/1 [33], 1/1 [38], and 3/6 [39] patients (Table 5). 22, 39]; evacuating of retained hemothoraces or empyem:
In these studies, continued chest tube bleeding arose frofd2, 21, 22, 25, 29, 33, 39]; stapling of visceral pleura or
intercostal vessels and lung lacerations and was controlleldng parenchymal lacerations causing a persistent pneum
thoracoscopically by electrocautery, endoclips, or suturethorax [13, 22, 38]; electrocauterizing of bleeding lung tis-
For intercostal vessel bleeding, sutures were also placeslie [38]; pleuradesis of persistent pneumothoraces [22, 3€
from outside the skin after the bleeding site was localizedemoving of foreign bodies [1, 4, 7, 22, 26]; pleuradesis of
thoracoscopically. Conversion to a thoracotomy was resymptomatic pleural effusions [18]; ligating of a thoracic




Table 4. Accuracy of thoracoscopy in diagnosing diaphragmatic injury: review of the literature

No. of
suspected injuries No. of No. No. No.
evaluated by injuries diagnosed by repaired failed®
Reference thoracoscopy presertt thoracoscopy by VATS cases TP TN FP FN
16 11 3 2 0 5 2 4 0 0
17 12 6 6 0 0 6 6 0 0
2 7 7 7 0 0 7 0 0 0
30° 14 9 9 0 0 9 5 0 0
18 4 1 1 0 0 1 3 0 0
281 55 19 22 0 1 19 30 3 0
37 28 9 9 0 0 9 19 0 0
8 2 2 2 0 0 2 0 0 0
34 26 8 8 0 0 8 18 0 0
39 19 10 9 7 1 9 9 0 0
22 14 7 7 1 0 7 7 0 0
9 1 1 1 1 0 1 0 0 0
4 1 0 0 0 0 0 1 0 0
1 3 0 0 0 0 0 3 0 0
23 2 2 2 0 0 2 1 0 0
TOTAL 199 84 85 9 7 82 106 3 0

Overall sensitivity: 82/(82 + 0)= 100

Overall specificity: 106/(106 + 3} 97

Overall accuracy: (82 + 106)/(82 + &0~ 3 + 0) = 98
Failure rate: 7 failed cases/199 patierts4%°

2Number of diaphragmatic injuries present confirmed by subsequent laparotomy, laparoscopy, or thoracotomy

b Failure to adequately visualize diaphragm excluded these patients from sensitivity, specificity, and accuracy analysis; TN/TP, true siiyative/p
FN/FP, false negative/positive

¢ Study design mandated a laparotomy or laparoscopy after thoracoscopy to confirm thoracoscopic findings

4 Two patients lost to follow-up and excluded from analysis

¢VATS or nonvideo thoracoscopy was used in 199 total patients among the 15 listed references in Table 4

Table 5. Therapeutic thoracoscopic applications in trauma: review of the literature

Therapeutic successes without conversion to thoracotomy
(no. of successful operations/no. of cases)

Control
Control chest Evacuate retained Evacuate Remove persistent

Reference tube bleeding hemothorax empyema foreign body air leak
6 5/5 — — — —
31, 32 1/2 — — — —

17 6/7 — — — —
25 — 2/3 — — —
33 1/1 3/3 6/6 — 0/1
29 — — 8/8 — 1/1
26 — 1/2 — 0/1 —

13 — — — — 1/1
21 — 77 NS/8 — —
39 3/6 13/14 — — 11
1 — 17/19 3/6 — —
22 4/6 11/12 1/1 4/4 5/5
24 11/11 18/18 1/1 — —

4 — — — 1/1 —

1 — 9/13 — 1/1 —

7 — — — 1/1 —

14 — 3/3 — — —

38 1/1 2/2 — 22 11
23 1/1 3/3 — — 4/4
TOTAL 33/40 89/99 19/22 9/10 13/14
% Success 82 90 86 90 93

2These two studies have seven overlapping patients
b Excludes reference 21
NS, not specified
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duct with conventional instruments [24]; Iung decortication T_able 6.Tho_racoscopic complications and missed injuries in trauma: re-
[14, 24]; and lysis of adhesions causing a trapped lung [29]iew of the literature

No. of
No. of  patients Procedure-
Costs and hospitalization Bluntor ~— patients with missed related
Reference Year penetrating in study injuries complications
No study has analyzed thoracoscopic costs or charges_ i 1946 P 5 0 0
trauma. In one study there was no significant difference ins; 1974 P 1 0 0
length of stay between patients treated with thoracoscopg2 1975 P 1 0 0
and those undergoing thoracotomy for continued chest tub& 1975 P 11 3 0
bleeding, diaphragmatic injury, or retained hemothoraxlg iggg E 3;" 8 8
[39]. 30 1993 P 14 0 3
18 1993 B 4 0 0
25 1993 P 3 NA 0
Risks S o250 S
L ) o 29 1994 P 8 NA 2
Procedure-related complications, missed injuries, delay t@z 1994 P 28 0 0
definitive treatment, and technical failures are the maini9 1994 P 1 0 0
safety risks of using VATS in trauma (Table 6). Excluding 36 1995 B 1 0 0
three references [12, 25, 29] involving evacuation of re- iggg g 22 % %
tained hemothoraces and empyemas, Table 6 demonstratgs 1995 B/P 26 0 0
that 0.8% (4/471) of patients evaluated with VATS or non-21 1996 Not specified 15 0 a2
video thoracoscopy (primarily for suspected diaphragmati9 1996 B/P 1 1 0
injury, continued chest tube bleeding, and suspected cardiz{é1 iggg l'z g 8 8
injury) had missed intrathoracic injuries. Table 6 also dem- 5 1096 B 1 0 0
onstrates that 2% (11/534) of all patients had a procedurexy 1996 B 1 0 0
related complication. The following VATS complications 12 1997 BIP 25 NA 3
have been reported in trauma: persistent air leak or persig2 1997 B/P 42 0 0
tent loculated pneumothorax [1, 29], trapped lung [29], em—g1 igg; E/P 128 8 8
pyema and subphrenic abscess [30], premature ventriculay 1997 P 1 0 0
contractions due to cardiac compression by instrumentsi 1997 B/P 8 0 1
[30], and transient arterial oxygen desaturations [12]. 7 1997 P 1 0 0
Safety concerns also include technical failures that pre%?éT AL 1997 B 53142 40 101
vent a complete thoracoscopic examination in patients un- 11/534 (2%)
dergoing evacuation of retained hemothoraces or evaluatiofoTaL® 471 4/471 (0.8%)

of diaphragmatic injuries. The technical failure rate with the
use of VATS or a thoracoscope to evaluate diaphragmatiaFourteen patients with retained hemothorax from total study population o

ST . . - 41 have been excluded
0,
injuries is 4% (7/199 patients) (Table 4). These failures, Excludes references 12, 25, 29, and 14 patients from reference 39, and

usually occurred as a result of poor visualization from in-patients from reference 1, which involve retained hemothoraces and en
complete lung deflation, dense adhesions, bleeding, or clopyemas

ted blood. Similarly, technical failures during evacuation of Thirteen patients with retained hemothorax from a total study populatior
retained hemothoraces have been primarily due to densg 16 have been excluded . o

. . . . " nclear if these complications occurred in trauma patients in this study
z_adhesmns, incomplete '9”9 de,ﬂatlon' an(_j inability to eSt,abNA = not applicable because these studies involve retained hemothore
lish dual endotracheal intubation and single lung ventila-and empyema
tion. These failed operations occurred on postinjury days 4
[1], 7 [25], 8 [1], 9 [39], 13 [26], 20 [1], and 32 [22]. - )

Additional unsuccessful thoracoscopic interventions indifficult to remove, and adhesions prevent lung collapse
another study included one patient who later required a22 26]- Successful evacuation has been reported as late
thoracotomy and another who required additional nonoperaRostinjury days 8 [33], 15 [39], and 35 [39].
tive procedures [12]. These 10 failures in 99 patients with
retained hemothoraces results in a 10% failure rate (10/9%enefits
patients) (Table 5).

Despite these failures, all studies recommend earlBenefits of VATS include safe and effective management o
VATS evacuation of retained hemothoraces to avoid cominjuries that would otherwise require a thoracotomy or lap-
plications such as fibrothorax and empyema. Several awtarotomy. Table 7 summarizes the number of laparotomie
thors described a window period for VATS evacuation ofand thoracotomies prevented using thoracoscopy. All th
less than 3 days [25], 4 to 10 days [24, 26], or less than 1@atients in Table 7 underwent thoracoscopy. Patients in th
days [22]. It is reported that bleeding may stop by the fourthThoracotomies or Laparotomies Prevented column did nc
postinjury day with a clot forming, which minimizes the risk have a thoracotomy or laparotomy because they had min
of rebleeding and allows adequate visualization [24, 26]injuries or no injuries. All these patients had no missec
After the tenth postinjury day, clotted blood is reportedly injuries, were managed without a thoracotomy, and wer



Table 7.Prevention of thoracotomy and laparotomy using thoracoscopy:86% (19/22 patients) effective in evacuating empyemas

literature review

Blunt or No. of Thoracotomies or
Reference penetrating patients in study laparotomies prevented
6 P 5 5
16 P 11 4
17 P 36 23
2 P 7 0
30 P 14 2
18 B 4 3
25 P 3 2
28 P 52 30
33 B/P 11 10
29 P 8 8
37 P 28 19
9 P 2 2
8 B 2 0
34 B/P 26 NA
21 P 15 7
39 B/P 41 31
12 P 25 21
22 B/P 42 32
24 B/P 50 12
4 P 1 1
1 B/P 16 12
7 P 1 1
14 P 3 3
38 P 5 5
23 B 12 9
13 B 1 1
20 B 1 1
19 P 1 1
26 B/P 6 1
36 B 1 0
27 P 108 75
31 P 1 1
32 P 1 1
TOTAL 514 323
(excluding [34]) 323/514 (62%)

and 82% (33/40 patients) effective in controlling chest tube
bleeding.

Thoracoscopy benefits include preventing 62% (323,
514) of trauma patients from undergoing a thoracotomy o
laparotomy. Risks include a 2% (11/534 patients) proce
dure-related complication rate and a 0.8% (4/471 patients
missed injury rate. Technical failure rates are 10% (10/9¢
patients) and 4% (7/199 patients), respectively, for evact
ating retained hemothoraces and evaluating diaphragmat
injuries. Analysis suggests that VATS, in stable patients
can safely and effectively diagnose diaphragmatic injury
evacuate retained hemothoraces and empyemas, and eve
ate and control continued chest tube bleeding.

In conclusion, with its beginnings in the early 1900s,
VATS is developing safe and effective applications in
trauma. To further establish these and new applications suc
as providing exposure for anterior spinal fusion in traume
patients [5], basic requirements must continually be met an
algorithms followed. The first requirement is that a surgeor
have basic thoracoscopic skills and be able to treat injurie
with an open thoracotomy. Second, a surgeon should kb
familiar with the reported risks, indications, and limitations
of thoracoscopy. Third, the equipment must be available
and easy to use. A surgeon considering the use of VATS fc
suspected diaphragmatic injury may initially follow trial
algorithms that mandate a laparotomy or thoracotomy afte
VATS to confirm the diagnostic accuracy of thoracoscopic
findings. After becoming familiar with the techniques, the
surgeon may then follow practice algorithms. For reference
two VATS algorithms for hemothorax [21] and blunt and
penetrating trauma [24] have been published. The develoj
mental path of VATS in trauma is unknown but should be
periodically analyzed to ensure its safety and efficacy.

NA, not applicable due to study design mandating laparotomy after tho-

racoscopy
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