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Occult pneumothorax
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Evaluation and management of traumatic pneumothorax:
A Western Trauma Association critical decisions algorithm

Marc¢ de Moya, MD, Karen J. Brasel, MPH, MD, Carlos V.R. Brown, MD, Jennifer L. Hartwell, MD,
Kenji Inaba, MD, Eric J. Ley, MD, Ernest E. Moore, MD, Kimberly A. Peck, MD, Anne G. Rizzo, MD,
Nelson G. Rosen, MD, Jason Sperry, MPH, MD, Jordan A. Weinberg, MD,
and Matthew J. Martin, MD, Milwaukee, Wisconsin

(PTX). The current algorithm and recommendations are based
on available published prospective cohort, observational, and
retrospective studies and the expert opinion of the Westem Trauma
Association members. The literature was reviewed after a search

J Trauma Acute Care Surg. 202292: 103-107.
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Occult pneumothorax
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ORIGINAL RESEARCH

Pneumothoraces on Computed Tomography Scan:
Observation using the 35 Millimeter Rule is Safe

Catrina Cropano, 2Tomaz Mesar, *David Turay, *David King, ®Daniel Yeh, ®Peter Fagenholz
"George Velmahos, ®8Marc A de Moya

>
>
>
>

a retrospective medical record review, admitted to a level 1 trauma center
4 years period ( Jan 2009 to Feb 2013)
Inclusion: diagnosed with a traumatic pneumothorax and underwent chest CT imaging upon admission.

Exclusion: who were moribund, younger than 16 years, did not undergo chest CT, had an ipsilateral
hemothorax, received TT before undergoing a chest CT, or for those with an indeterminate reason for TT
after initial observational management.

The PTX measurement in centimeters spanned the perpendicular distance of the largest air pocket between
the chest wall and the mediastinal or pulmonary structure.

The primary outcome was success of observation.

Failure= required TT, physiological deterioration: RR>30 bpm, Sp02 <94%(RA), HR>110bpm,sBP<90mmHg

Panamerican Journal of Trauma, Critical Care & Emergency Surgery, May-August 2015;4(2):48-53
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Flow Chart 2: *Six of the 9 in the <35 mm group who were

Flow Chart 1: Consort diagram
observed and then received TT were failures. This gives a failure

Total trauma patients n = 2973
T rate of 6/138, or 4.3%
Total patients with PTXs n = 417 Total PTXs included in analysis n = 165 |
-
Total PTXs n = 461 ‘ ‘
>35 mm n = 17 (10.2%) | <35 mm n = 148 (89.7%) |
= " PTXs included in | ) | E
l EAARRE =0 I analysis n = 165 # ‘ ‘ *
i ' ] T Observation TT Observation
: n=15(88.2%)| n=2(11.8%) ! n=10(6.8%) | n= 138 (93.2%)
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» A cutoff measurement of 3bmm

» NPV=95.7%, PPV=100%, ROC=0.90

> Sensitivity 100%, Specificity 98.5%

> Median time until TT removal; 2.5days

Area under the curve = 0.9036
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Graph 1: Receiver operating characteristic curve to predict
successful observation when PTX measures < 35 mm
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Observing pneumothoraces: The 35-millimeter rule is safe
for both blunt and penetrating chest trauma

Savo Bou Zein Eddine, MD, Kelly A. Boyle, MD, Christopher M. Dodgion, MD, MSPH, MBA,
Christopher S. Davis, MD, MPH, Travis P. Webb, MD, MHPE, Jeremy S. Juern, MD, David J. Milia, MD,
Thomas W. Carver, MD, Marshall A. Beckman, MD, Panna A. Codner, MD,

Colleen Trevino, PhD, and Marc A. de Moya, MD, Milwaukee, Wisconsin

Whether 35mm rule is valid for observation management in both blunt and penetrating trauma?
A single-center retrospective chart review, admitted to a Level 1 trauma center

5 years (Jan 2011 to Dec 2016 )

Inclusion: 18 years and older who had a chest CT at the time of adimission

Exclusion: no CT, an ipsilateral hemothorax or hemopneumothorax, a TT inserted before CT,
mechanically ventilated.

The primary outcome was the successful observation(no intervention within 4 hours).

Failure: a need for delayed TT, secondary interventions (VATS, tPA, thoracotomy), physiological
deterioration

The PTX measurement, the definition of physiological deterioration is same.

J Trauma Acute Care Surg. 2019;86: 557-564.
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Observing pneumothoraces: The 35-millimeter rule is safe

for both blunt and penetrating chest trauma

Savo Bou Zein Eddine, MD, Kelly A. Boyle, MD, Christopher M. Dodgion, MD, MSPH, MBA,
Christopher S. Davis, MD, MPH, Travis P. Webb, MD, MHPE, Jeremy S. Juern, MD, David J. Milia, MD,
Thomas W. Carver, MD, Marshall A. Beckman, MD, Panna A. Codner, MD,

Colleen Trevino, PhD, and Marc A. de Moya, MD, Milwaukee, Wisconsin

Patients Screened
1767 patients

Pneumothorax only

Hemo/hemopneumothorax

832 (47%) 935 (53%)
I
[ ]
Chest CT done Chest CT not done
452 (54%) 380 (46%)
I
[ ]
Not Ventilated Ventilated
336 (74%) 116 (26%)
I
[ ]
Measuring £35mm Measuring >35mm
293 (94%) 43 (6%)
I
| ] [ ]
Succeeded Failed Succeeded Failed
247 (84%) 46 (16%) 10 (23%) 33 (77%)

PPV= 90.8%, NPV=41.2%

Figure 3. Flow diagram of included patients (all comers).

TABLE 3. Multivariant Logistic Regression With Failure of
Observation as an Outcome, N = 289

Variable ) OR [95% Cl]
PTX measurement (£35 mm as reference) 0.001 0.142 (0.047-0.428]
GCS 0.065 6.632 (0.889-49.483)
No. rib fractures 0.098 1.300 (0.953-1.774)
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Traumasurgery . Use of prophylactic antibiotic in preventing

j:fl: EE %'J l( p 6 ? complications for blunt and penetrating chest trauma

requiring chest drain insertion: a systematic review
and meta-analysis

Firas Ayoub, Michael Quirke, Daniel Frith

Table 1 Characteristics of studies included in the meta-analysis of antibiotic vs placebo after chest drain insertion

Reference Year Country Sample size  Injury type Antibiotic Duration
Grover" 1977 USA 5 Penetrating Clindamycin 300 mg six hourly >24 hours
Stone® 1981 USA 83 Penetrating, blunt  Cefamandole 1 g six hourly >24 hours
LeBlanc® 1985 USA 52 Penetrating, blunt ~ Cefadyl 1 g >24 hours
Mandal™ 1985 USA 80 Penetrating Doxycycline 100 mg 12 hourly >24 hours
LoCurto™ 1986 USA 58 Penetrating, blunt  Cefoxitin 1 g six hourly >24 hours
Brunner?? 1990 USA 90 Penetrating, blunt  Cefazolin six hourly >24 hours
Cant'® 1993 South Africa 13 Penetrating Cefazolin 500 mg eight hourly 24 hours

Nichols' 1994 USA 119 Penetrating, blunt  Cefonicid 1 g per day >24 hours
Gonzalez" 1998 USA 139 Penetrating, blunt  Cefazolin 1 g eight hourly >24 hours
Maxwell’ 2004 USA 224 Penetrating, blunt  Cefazolin 1 g eight hourly =24 hours
Villegas Carlos'® 2009 Mexico 126 Penetrating, blunt  Cefazolin 1 g eight hourly >24 hours
Heydari" 2014 Iran 104 Blunt Cefazolin2 g 24 hours

. Trauma Surg Acute Care Open 2019;4:2000246.
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Use of prophylactic antibiotic in preventing

complications for blunt and penetrating chest trauma
requiring chest drain insertion: a systematic review

and meta-analysis
Firas Ayoub, Michael Quirke, Daniel Frith

Table 2  Primary outcomes

Antibiotic group Placebo group
Study ID Total Empyema Pneumonia Total Empyema Pneumonia
Grover' 38 1 4 37 6 13
Stone® 40 1 0 43 2 5
LeBlanc® 26 0 1 26 1 1
Mandal™ 40 0 0 40 1 0
LoCurto™ 30 0 0 28 5 4
Brunner a4 0 1 46 6 3
Cant'® 57 0 7 56 3 19
Nichols' 63 0 0 56 4 3
Gonzalez"” n 0 0 68 2 2
Maxwell’ 153 2 12 n 4
Villegas Carlos™® 63 3 N/A 63 5 N/A
Heydari" 54 0 2 50 1 4
Total 679 7(1%) 27 (4.4%) 584 42 (7.2%) 56 (10.7%)

Empyema after chest drain insertion

Values in parenthesis are percentages.

R

MAEFNIZEY AT,

Study %
D AR (95% CI) Weight
Grover 1977 — 0.16 (0.02, 1.28) 10.71
Stone 1981 —_—— 0.54 (0.05, 5.70) 8.21
Leblanc 1985 - 0.33(0.01,7.82) 4.60
Mandal 1986 - 0.33(0.01, 7.95) 4.86
Locurto 1986 - 0.09 (0.00, 1.47) 5.63
Brunner 1890 - 0.08 (0.00, 1.35) 5.65
Cant 1993 - 0.09 (0.01, 1.58) 5.55
Nichots 1994 -— 0.11(0.01,1.93) 5.44
Gonzalez 1998 - 0.19 (0.01,3.92) 5.03
Maxwall 2004 —_— 0.23(0.04, 1.24) 1634
Vilagas Carios 2009 —_—— 0.60 (0.15, 240) 23.76
Hoydari 2014 .3 0.31(0.01,7.42) 4.53
Overall (I-8quared = 0.0%, p = 0.956) @ 0.25 (0.13,0.49)  100.00
NOTE: Weights are from rancom efects analysis
4 1
Favours antibiotics Favours placebo
Pneumonia after chest drain insertion
Study %
0 RR (95% CI) Waoight
Grover 1877 —— 0.30(0.11,084) 2204
Stone 1981 - 0.10 (0,01, 1.71) 3.60
Leblanc 1985 1.00 (0.07, 15.15)  3.98
Locurto 1986 - - 0.10 (0.01, 1.85) 357
Brunner 1890 —_— 035(0.04,323) 581
Cant 1903 —-ﬁi'-‘-— 0.36(0.17.0.79) 3205
Nichols 1994 0.13(0.01,241) 342
Gonzalez 1998 - 0.19(0.01,382) 3.25
Maxwell 2004 _ 2.78 (0.64,12.11) 1228
Heydari 2014 e 0.46 (0.09,242)  10.00
Mandal 1985 ' (Excluded) 0.00
Overall (l-squared = 11.1%, p = 0.341) <> 0.41(0.24,0.71)  100.00
NOTE: Weights are from random eftects analysis E
3 1 10

Favours antibiotics

Favours placebo



Randomized clinical trial

Randomized clinical trial of pigtail catheter versus chest tube
in injured patients with uncomplicated traumatic pneumothorax

N. Kulvatunyou, L. Erickson, A. Vijayasekaran, L. Gries, B. Joseph, R. F. Friese, T. O’Keeffe,

N}
]\ V — ‘/ @ ‘é ci ? A. L. Tang, J. L. Wynne and P. Rhee
» ° Division of Acute Care Surgery, Department of Surgery, University of Arizona, 1501 North Campbell Avenue, Room 5411, PO Box 245063, Tucson,

Arizona 85724-5063, USA
Correspondence to: Dr N. Kulvatunyou (e-mail: nkulvatunyou@surgery.arizona.edu)

P: 18U LR ZEI L WANEEINES

I 14 Fr pigtail catheter

C: 28 Fr chest tube

O: pain at the tube site and the daily intravenous pain medication usage

Exclusion: patient refusal, could not respond to pain, hemothorax, emergency
tube insertion

BrJ Surg. 2014;101(2):17-22.



Randomized clinical trial

Randomized clinical trial of pigtail catheter versus chest tube
in injured patients with uncomplicated traumatic pneumothorax

N. Kulvatunyou, L. Erickson, A. Vijayasekaran, L. Gries, B. Joseph, R. F. Friese, T. O’Keeffe,
A. L. Tang, J. L. Wynne and P. Rhee
Division of Acute Care Surgery, Department of Surgery, University of Arizona, 1501 North Campbell Avenue, Room 5411, PO Box 245063, Tucson,

Arizona 85724-5063, USA

Correspondence to: Dr N. Kulvatunyou (e-mail: nkulvatunyou@surgery.arizona.edu)

| Analysis| | Follow-up| | Allocation |

Assessed for eligibility

n=75

Excluded n=35

Emergency placement n =4
Tube placed at outside facility n=4
Patient unable to respond to pain

Randomized
n=40

assessment n=7
Patient refusal n=6
Clinician failed to enrol in trial n = 11
Othern=3

|

Allocated to pigtail catheter n= 20
Received pigtail catheter n=20

y

Lost to follow-up n=0
Discontinued intervention n= 0

y

Analysed n=20
Excluded from analysis n =0

Fig. 2 CONSORT diagram for the trial

!

Allocated to chest tube n=20
Received chest tube n= 20

y

Lost to follow-up n=0
Discontinued intervention n=0

y

Analysed n=20
Excluded from analysis n=0

Age (years)”

Sex ratio (M:F)

No. with blunt trauma
ISS*

Chest AIST

No. of rib fracturest
Pulmonary contusion
Flail segment

Pigtail catheter

(n=20)

46(4)
17:3
17 (85)
14.5(1-1)
3(2-4)
1.5 (0-5)
5 (25)
0 (0)

Chest tube
(n=20)

46(4)
16:4
16 (80)
12.2(1-2)
3(1-4)
1.5 (0-5)
5 (25)
0(0)

0.992§
0.683
0.683
0-163§
0-285]
0-9129
1.000
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Randomized clinical trial of pigtail catheter versus chest tube
in injured patients with uncomplicated traumatic pneumothorax

N. Kulvatunyou, L. Erickson, A. Vijayasekaran, L. Gries, B. Joseph, R. F. Friese, T. O’Keeffe,

A. L. Tang, J. L. Wynne and P. Rhee

Division of Acute Care Surgery, Department of Surgery, University of Arizona, 1501 North Campbell Avenue, Room 5411, PO Box 245063, Tucson,

Arizona 85724-5063, USA

Correspondence to: Dr N. Kulvatunyou (e-mail: nkulvatunyou@surgery.arizona.edu)

Table 2 Comparison of outcomes between groups

NRS score for chest wall pain®
Day 0
Day 1
Day 2%
Total pain medication usage (units)*§
Day 1
Day 2
Success rate
Insertion-related complication
Duration of tube insertion (days)
Duration of hospital stay (days)f

i

Pigtail

catheter Chest tube

(n=20)

6-1(0-6)
5.5(0-5)
4.2(1-1)

10-3(2-4)

5.0(2-6)
19 (95)
2 (10)
2 (2-3)
4(3-7)

(n=20)

6-0(0-8)
5.9(0-7)
5.9(1-0)

15.4(3-4)

8-6(2-5)
18 (90)
2 (10)

2 (2-6)

4(3-7)

DAL,

Pﬂ

0-917
0-652
0.274

0.227
0-323
0.554#
1-000#
0-172™
0-863™

ZE L TONISH LT

10

O Dayo
O Day1
O Day2
8 -
o
8 6
w
£
g
g 4r
=
2 }—
| |
14-Fr pigtail catheter 28-Fr chest tube

Fig. 3 Mean numerical rating scale (NRS) tube-site pain score, by
day after insertion, in patients with traumatic pneumothorax
treated with a 14-Fr pigtail catheter or 28-Fr chest tube.

P < 0-001 on days 0 and 1, P=0-040 on day 2 (Student’s # test)

better pain scores in those with pigtail catheters. Therefore, the
smallest caliber chest tube on-hand should be used; however, it
is recommended that a thick-walled tube is used rather than a
small-caliber thin-walled argyle tube. This limits the degree of
kinking and twisting associated with smaller diameter tubes. How-
ever, because of the emphasis in the randomized trial on uncompli-
cated traumatic pneumothoraces, if there is a significant component
of hemothorax, one may consider a larger (28Fr) chest tube. Many
institutions are now using pigtails for hemothoraces as well, and
this is discussed in the WTA hemothorax algorithm.
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Randomized Clinical Trial of 14-French (14F) Pigtail Catheters
versus 28-32F Chest Tubes in the Management of Patients

with Traumatic Hemothorax and Hemopneumothorax

Zachary M. Bauman' - Narong Kulvatunyou?

Andrew L. Tang” - Peter Rhee®

- Bellal Joseph? - Lynn Gries®

+ Terence O’Keeffe?

World J Surg

Table 2 Comparison of outcomes

Pigtail catheters Chest tubes P
(N=20) (N=23)
Failure rate, %, (n) 10 (2) 17 (4) 049
Initial output (ml), median (IQR) 650 (375, 1087) 400 (240, 700) 0.06
24 h output 980 (600, 1625) 660 (430, 1000) 0.10
48 h output 300 (110, 424) 225 (90, 400) 022
72 h output 50 (0, 200) 130 (0, 260) 054
Tube days, median, (days) 4(3,5.5) 42,7 0.79
IPE score, median (IQR) 1¢1::2) 33,4 0.001
VATS, % 5 9 0.64
Ventilator day, median (IQR) 0 (0, 0.5) 0(0,0) 030
ICU day, median (IQR) 0(0, 3.5) 0 (0, 3) 0.86
Hospital length of stay, median, (days) 6.5 (4.5, 10) 73,9 054

ICU intensive care unit, /PE insertion perception score, /QR interquartile range, m!/ millimetres, SD standard deviation, VATS video-assisted

thoracoscopy

overall exp
3
1

- — —_

Chest

tubes Pigtail Catheters

Fig. 2 Insertion Perception Experience (IPE) score (P = 0.001)




Pneumothorax

Cardiopulmonary

Chest
Drainage with
1 dose of
pre-procedural
antibotics

Finger thoracostomy or
needle decompression may be
performed if awaiting placement
of drain followed by small bore
chest tube

status

Observe with repeat
imaging in 6 hours
regardless if patient is
on positive pressure
or not

Figure 1. WTA algorithm for management of a traumatic PTX.

Cardiopulmonary status
HR>120bpm

RR>30bpm
BP<90mmHg

Less than 1cm on CXR
Less than 10mm on CT scan

Chest drainage
with 1 dose of
pre-procedural
antibiotics: Place
small bore chest
tube
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