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Chen SA. (2024). The HeART of Surgery.
- Oral Presentation for Association of Medical Illustrators (AMI) Meeting, Rochester, NY, July 26,
2024

Aribindi K, Addepalli S, Miller J, Adams JY, Chen SA, Evans SA, Kiaii B, Black HB. (2024). Veno-arterial
Extracorporeal Membrane Oxygenation Complicated By Heparin Induced Thrombocytopenia And Use
Of Hboc-201 In a Jehovah’s Witness Patient: A Novel Blood Preservation Technique
- Poster Presentation for American Thoracic Society Meeting, San Diego, CA, May 2024

Chen SA, Catrip JM, Kiaii B. (2023). Use Of 3D Printed Ribcage Models to Investigate Ideal Intrathoracic
Ratio For Robotic Left Internal Thoracic Artery Harvesting

- Oral Presentation for Association of Medical Illustrators (AMI) Meeting, Henderson, NV, July 22,
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- Oral Presentation for the International Society for Minimally Invasive Cardiothoracic Surgery
(ISMICS) Annual Meeting, Boston, MA, June 1, 2023
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Xue AH, Chen SA, Evans S, Raff GW, Kiaii B. (2022). Repair of Isolated Giant Right Coronary Artery
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- Oral Presentation for International Coronary Congress (ICC), Tokyo, Japan, Dec 1, 2022

Catrip JM, Chen SA. (2022). Advanced Therapies — Mechanical Circulatory Support
- Oral Presentation for UC Davis Heart Failure Summit, Sacramento, CA, October 29, 2022

Chen SA. (2022). Craniopagus Twin Separation Guided by Novel Virtual and Physical Pre-Surgical
Simulation
- Oral Presentation for Association of Medical Illustrators (AMI) Meeting, Des Moines, IA, July 22,
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Chen SA. (2022). Art Not Just for Artists — Using Art & 3D Printing for Surgical Preparation
- Invited Oral Presentation for the International Society for Minimally Invasive Cardiothoracic
Surgery (ISMICS) Annual Meeting, Warsaw, Poland, June 18, 2022

Kiaii B, Chen SA, Anderson D. (2022). Hybrid Revascularization: How to Do It?
- Oral Presentation for STS Coronary Congress, Ottawa, ON, Canada, June 5, 2022

Xue AH, Chen SA, Catrip JM, Kiaii B. (2022). How to implement a clinical robotic mitral valve surgery
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- Keynote Lecture Series for Annals of Cardiothoracic Surgery, Virtual, May 2022

Sherazee EA, Guenther TM, Chen SA, Kiaii B. (2022). Review of Graft Patency in Robotically Assisted
Coronary Artery Bypass and Totally Endoscopic Coronary Bypass Surgery
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Kiaii B, Chen SA, Catrip JM. (2022). “Robotically assisted coronary bypass grafting — technical tips from
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- Webinar for ISMICS, Virtual, February 12, 2022

Evans S, Chen SA. (2022). UC Davis COVID-19 ECMO Experience
- Grand Rounds Presentation at UC Davis Heath, Sacramento, CA, January 11, 2022

Chen SA, Evans S, Catrip JM, Southard JA, Kiaii B. (2021). Optimal Planning in Multidisciplinary Approach
for Hybrid Revascularization in a High-Risk Patient with High Grade Left Main Disease.
- Poster Presentation for International Coronary Congress (ICC), New York City, NY, Dec 2021

Chen L, Chen SA, Evans S, Catrip JM, Kiaii B, Kesarwani M, Singh GD, Southard JA, Stripe BR. (2021). LVOT
Injury After Transcatheter Aortic Valve Replacement.
- Oral Presentation for Transcatheter Cardiovascular Therapeutics (TCT), Orlando, FL, Nov 4, 2021

Kiaii B, Chen SA. (2021). Robotic-Assisted Valvular Procedures.
- Oral Presentation for ISMICS Workshop along with 5™ Annual Conference of Society of Minimally
Invasive Cardiovascular & Thoracic Surgeons of India (SMICTSI), Virtual, Sept 25, 2021

Wong GB, Firriolo JM, Chen SA. (2021). Craniopagus Separation Using a Novel Tissue Expander Design.
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to Medicine, Baltimore, MD, June 3, 2022

- Oral Presentation at the 79t" American Cleft Palate-Craniofacial Association (ACPA) annual
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- Invited Oral Presentation at California Society of Plastic Surgeons, Monterey, CA, May 29, 2021

- Grand Rounds Presentation at UC Davis Health, Sacramento, CA, April 27, 2021

- Oral Presentation at UC Davis Department of Surgery Research Day Symposium, April 20, 2021

Sherazee EA, Chen SA, Sarkeshik AA, Guenther TM, Wozniak CJ, Raff GW (2021). Role of Extracorporeal
Membrane Oxygenation for COVID-19 Associated Pulmonary Failure—Assessment of a Single Center
Experience.

- Poster Presentation for 18™ Annual Perioperative and Critical Care Conference, STS, Sept 10,
2021

Kiaii B, Chen SA, Evans S, Catrip JM. (2021). Hybrid Coronary Artery Revascularization: Optimal Strategy
for High Risk Coronary Artery Disease Patients.
- Oral Presentation for Encore Seoul, Virtual, Sept 9, 2021

Kiaii B, Chen SA. (2021). Robotic-Assisted Cardiac Surgery.
- Oral Presentation for FAH-SYSU & CITRUS Surgical Robotics Seminar 2, Virtual, August 25, 2021

Chen SA, Guenther TM, Abazid R, Kiaii B. (2020). Do We Need Fancy Anatomic Imaging to Perform
Robotic Coronary Surgery?
- Online Curriculum for Robotic Cardiac Surgery, the Society of Thoracic Surgeons
Summer 2020 (sts.org/roboticcardiac)

Chen SA, Guenther TM, Abazid R, Kiaii B. (2020). Patency Outcomes for Robotic CABG.
- Online Curriculum for Robotic Cardiac Surgery, the Society of Thoracic Surgeons
Summer 2020 (sts.org/roboticcardiac)

Chen SA. (2019). Utilizing Segmentation-based Cardiac Models for Clinical Education.
- Oral Presentation at the Association of Medical Illustrators Conference, Milwaukee, W1, 2019
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Chen SA, Chen L, Smith T, Fan D, Stripe B, Boyd WD, Rogers JH, Singh GD. (2019). Adjunctive Use of
Fluoroscopy during MitraClip Implantation to Minimize Clip Mal-rotation, Preserve Alignment,
Reduce Number of Grasps and Need for Clip Eversion.

- Moderated Poster Presentation at Transcatheter Valve Therapies (TVT), Chicago, IL, 2019

Chen SA, Ong CS, Hibino N, Garcia JR, Baschat AA, Miller JL. (2018). 3D Printing of the Fetal Heart from
Prenatal Ultrasound Derived Data.
- Abstract for scientific program at the 28th World Congress on Ultrasound in Obstetrics and
Gynecology, Singapore, 2018.

Eng M, Smith TW, Southard JA, Wong G, Stripe BR, Fan D, Choi J, Chen SA, Agrawal G, Rajpal G, Low R,
Singh GD. (2018). Multi-Pigtail Technique Is Associated with Less Contrast Use and Fluoroscopic
Adjustment in Determining Perpendicular Angle of Deployment for Transcatheter Aortic Valve
Replacement.

- Poster Presentation at Transcatheter Valve Therapies (TVT), Chicago, IL, 2018

Trivedi A, Chen SA, Thorsell E. (2018). Effects of A Novel Educational Outreach Intervention on Science
Interest and Understanding among 8t grade Students in Sacramento.
- Poster Presentation at AOAle, the annual AOA fundraiser, UC Davis School of Medicine, 2018.
- Poster Presentation at the Annual Medical Student Research Forum, UC Davis SOM, 2018.

Chen SA, Hibino N, Garcia JR. (2017). Designing Customized 3D Printed Models for Surgical Planning in
Repair of Congenital Heart Defects.
- Oral Presentation at the Congenital Heart Surgeons’ Society Annual Meeting, Chicago, IL, 2017
- Oral Presentation at the Association of Medical Illustrators Conference, Austin, TX, 2017
Invited to speak as the Alan Cole Scholar; also presented a poster at the AMI Conference
- Poster Presentation at the Annual Medical Student Research Forum, UC Davis SOM, 2018.
- Poster Presentation at Materialise 3D Printing in Medicine Conference, Plymouth, Ml, 2017

Chen SA, Lankford L, Pivetti C, Farmer D, Wang A. (2015). Effects of Placenta-derived Mesenchymal
Stromal Cell Secretome on Postmitotic Developing Neurons.
- Poster Presentation at the Annual Medical Student Research Forum, UC Davis SOM, 2015
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Comprehensive Review of Chest Tube Management

A Review

Devon Anderson, MD; Sarah A. Chen, MD, MA; Luis A. Godoy, MD; Lisa M. Brown, MD, MAS; David T. Cooke, MD

IMPORTANCE Thoracostomy, or chest tube placement, is used in a variety of clinical
indications and can be lifesaving in certain circumstances. There have been developments
and modifications to thoracostomy tubes, or chest tubes, over time, but they continue

to be a staple in the thoracic surgeon'’s toolbox as well as adjacent specialties in medicine.
This review will provide the nonexpert clinician a comprehensive understanding of the types
of chest tubes, indications for their effective use, and key management details for ideal

patient outcomes.

OBSERVATIONS This review describes the types of chest tubes, indications for use, techniques
for placement, common anatomical landmarks that are encountered with placement and
management, and an overview of complications that may arise with tube thoracostomy. In
addition, the future direction of chest tubes is explored, as well as the management of chest

tubes during the COVID-19 pandemic.

CONCLUSIONS AND RELEVANCE Chest tube management is subjective, but the compilation
of data can inform best practices and safe application to successfully manage the pleural

space and ameliorate acquired pleural space disease.

JAMA Surg. 2022;157(3):269-274. doi:10.1001/jamasurg.2021.7050
Published online January 26, 2022.

horacostomy tube, otherwise known as chest tube,

insertion can be traced back to the fifth century Bce when

Hippocrates described using a hollow tin tube to drain
what was likely an empyema.! In 1889, valved tubes with air-tight
seals were first reported to prevent outside atmospheric pressure
from collapsing the lung on inspiration.? In 1922, chest tubes were
first documented in the postoperative care of patients undergoing
modern thoracic surgery.3 They were used throughout World War Il
to restore lung function after traumatic thoracotomies, were used
during the Korean War, and later became the standard of care for
drainage of the pleural space for trauma during the Vietnam War.*
Chest tubes and their management continue to evolve and are modi-
fied to fit modern needs, including clinical conditions associated
with the COVID-19 pandemic.

. |
Indications

The potential space between the visceral pleura that envelops the
lungs and the parietal pleura covering the chest wall, diaphragm, and
mediastinum is the pleural cavity, which contains lubricating pleu-
ral fluid secreted by the parietal pleural capillaries. Air and abnor-
mal fluid can accumulate in this space, causing mass effect and dis-
ruptions in the normal negative intrathoracic pressure.

When air fills the pleural cavity, it is called a pneumothorax, which
is further categorized according to its etiology as primary sponta-
neous, secondary spontaneous, or traumatic.”” Chest tubes are used
to evacuate air in the pleural cavity and reestablish the negative in-

jamasurgery.com
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trathoracic pressure, allowing the lung to reexpand and restore physi-
ologic ventilation and cardiac function.®™ A tension pneumotho-
rax develops when air enters on inspiration and is unable to escape
on expiration. This leads to effective mass effect on intrathoracic
structures, such as the lung itself; mediastinal structures, such as the
venae cavae; and cardiac chambers, resulting in hemodynamic com-
promise from restricted venous return and cardiac output. This is
a medical emergency and should initially be managed with imme-
diate needle thoracentesis to decompress trapped and expanding
pleural air before the placement of a formal chest tube.

Chest tubes are also used to evacuate excessive fluid from the
pleural cavity, which is known as a pleural effusion. When there is
pus in the pleural cavity, then it is considered an empyema. There
are several ways to evacuate fluid from the pleural cavity and chest
tubes are only one of the many options. A Cochrane review from
2017" compared the surgical option of video-assisted thoracic sur-
gery (VATS) with chest tube drainage of pleural empyema and found
no difference in mortality or complications between the groups, but
early VATS reduced the hospital length of stay. VATS has been con-
sidered the first-line treatment for retained hemothorax and em-
pyemas with other modalities, such as intrapleural lytic therapy, re-
served for poor operative candidates or as asecond line treatment."
However, a meta-analysis by Hendriksen et al" found that treating
retained hemothorax with lytic therapy rather than VATS allowed
for an overall operative avoidance rate of 87% (95% Cl, 81%-92%),
with no heterogeneity in the pooled studies (Q = 10.2;df = 9; P = .33;
I? = 15.07%). The type of intrapleural lytic treatment is also impor-
tant as Hendriksen et al" found that using tissue plasminogen acti-
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Figure 1. Parapneumonic Effusions: University of California, Davis, Pulmonary

and General Thoracic Surgery Management Pathway

Parapneumonic effusion suspected; inpatient or being admitted from the ED; patient not in ICU ‘
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vator (t-PA) as the lytic agent allowed for a favorable number of pa-
tientstoavoid surgical intervention compared with other lyticagents.
The combination of t-PA and dornase (DNase) was associated with
a60% reduction in pleural fluid collection as seen on imaging and
with a significant reduction in pleural opacity, compared with pla-
cebo in the randomized dlinical trial by Rahman et al.’> When t-PA
and DNase were used on their own as opposed to in combination,
this study did not find a significant reduction in the pleural fluid col-
lection compared with placebo.™ The evidence supports combin-
ing t-PA and DNase for intrapleural lytic therapy. Given the effec-
tiveness of treating early-phase empyema with a chest tube and
intrapleural use of t-PA and DNase, as well as the use of VATS to re-
duce length of hospital stay, the authors developed a multidisci-
plinary protocol with general thoracic surgery and interventional
pulmonary medicine for the algorithmic care of patients present-
ing with empyema, starting with a small-bore chest tube place-
ment followed by intrapleural use of t-PA and DNase. If this initial
step is unsuccessful, the next stage of the pathway is thoracic
surgical consultation for VATS decortication (Figure 1).

Types of Chest Tubes

Chest tubes come in a variety of sizes and materials to best suit the
clinical needs of the patient. In the US, they are generally measured
by the internal diameter of the tube in units of French. One incre-
ment of the French scale is equal to a one-third-millimeter diameter,
(eg, 24F is equal to an 8-mm caliber). By most prevalent convention,
atube of 20F or larger is considered a large-bore chest tube and a tube
less than 20F tube is considered a small-bore chest tube, although
there are some studies that define a large-bore chest tube as larger
than 14F.>13* A common type of small-bore chest tube is a pigtail
catheter, named because the tip coils at the end like a pig's tail to pre-
vent dislodgement.”

JAMA Surgery March2022 Volume 157, Number 3

Small-bore chest tubes are used as the first-line treatment for
pneumothorax, transudative pleural effusions, and simple empy-
emas, whereas large-bore chest tubes are often necessary for more
viscous disease processes, such as a hemothorax and complex exu-
dative effusions and empyemas.'>'> A meta-analysis by Chang et al®
demonstrated that small-bore chest tubes are associated with lower
complications rates and shorter drainage duration and hospital
stay compared with large-bore chest tubes. A randomized clinical
trial by Hussain et al'® identified similar findings of a reduction in
drainage duration and hospital stay with small-bore pigtail cath-
eters compared with large-bore chest tubes in patients with sec-
ondary spontaneous pneumothorax. The most prominent advan-
tage of a small-bore chest tube is its size, which allows for a smaller
incision and decreased pain experienced by the patient.’®"” The
randomized clinical trial by Kulvatunyou et al'” demonstrated a
lower pain score inindividuals with a pigtail catheter compared with
alarge-bore chest tube for traumatic pneumothorax. However, the
small diameter of small-bore chest tubes may come at the cost of
inefficient flow, as per Poiseuille’s law (AP = 8uLQ/mR*, where Ap
is change in pressure, p is viscosity, Q is flow and R is radius) the
decreasing radius of small-bore chest tubes can lend to a lower flow
rate, whichis the reason large-bore chest tubes are necessary in con-
ditions that would otherwise clog a smaller tube, such as high-
viscosity () fluid.>131>

|
Insertion

The placement of a chest tube isimportant and is performed by many
different specialties in various settings. The ideal point of insertion
is through an external landmark space known as the triangle of safety
(Figure 2), which is bordered by the edge of the latissimus dorsi
muscle, pectoralis major muscle, the base of the axilla, and trans-
verse to the nipple line or inframammary fold, at or above the fifth
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Figure 2. Triangle of Safety for Chest Tube Placement
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intercostal space.™'*'829 However, placement of chest tubes is also
influenced by the indication. For an apical pneumothorax, a chest
tube can be placed in the second intercostal space in the midcla-
vicular line, although less comfortable for the patient, and ad-
equate drainage of an unloculated pneumothorax can be per-
formed via lateral insertion at the fifth intercostal space.*'® If the
tube is placed in the triangle of safety, it isimportant to placeitina
line anterior to the anterior superior iliac spine. Placing in the tube
in a line behind this surface landmark may cause the patient to lie
on the tube when in the supine position and mechanically occlude
the tube. Forapleural effusion, alower intercostal space may be used
forinsertion but special care must be taken to avoid penetrating the
diaphragm, and subsequently the liver on the right and spleen and
bowel on the left.”

The 3 ways to insert a chest tube are dissective, Seldinger
(often ultrasonography guided), and the trocar technique, again
often ultrasonography guided.'>'*'%:2° Ultrasonography can be an
invaluable tool to safely identify internal landmarks for chest tube
placement. Figure 3 presents a representative sonographic image
demonstrating the target abnormal collection of pleural fluid, in the
right chest, for chest tube drainage, and adjacent structures of at-
electatic lung, diaphragm and liver. Figure 4A highlights an impor-
tant step for chest tube placement, which is using a finder needle
(often a syringe with local anesthetic) just above the target rib to
avoid the intercostal neurovascular bundle and aspirating the pleu-
ral space to confirm the location of the pleural pathology. For dis-
sective insertion, a 1- to 2-cm incision is made overlying the rib of
choice (the authors do not tunnel to a rib above), a Schnidt tonsil
clamp is used to bluntly dissect through the subcutaneous tissue,
the 3 muscular layers of the intercostal space (ie, the external inter-
costal muscle, the internal intercostal muscle, and innermost inter-
costal muscle), transthoracic fascia, and the parietal pleural until the
clamp enters the pleural cavity. When attempting to enter the fifth
intercostal space, itisimportant to dissect not perpendicular to the
chest wall, but generally posterior and apical, the direction that most
tubes should be placed (Figure 4B). Dissecting perpendicular to the
chest wall and into the fifth intercostal space can lead to the tube
heading directly into the oblique fissure, and then be entrapped by
the subsequent expanded lung, rendering the tube ineffective af-
ter lung expansion. After successful spreadinginto the pleura space,
afingeris used to confirm entry into the pleural space and the pres-
ence of adhesions. Adhesions are not bluntly broken with the fin-
ger, as pleural adhesions are often vascular and blunt dissection can
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Figure 3. Representative Sonographic Image Demonstrating
the Target Abnormal Collection of Pleural Fluid
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lead to small vessel disruption and subsequently hemothorax.">"*

The Seldinger technique uses guidewires and tract dilators to as-
sist the tube into the pleural cavity, all under ultrasonography
guidance.’®?' Lastly, the trocar method may be used; however, it is
associated with more complications owing to the rigid tip of the tro-
car causingintrathoracic injuries and has subsequently fallen out of
favor for chest tube insertion.'®2%22 Regardless of the insertion tech-
nique, the chest tube needs to be advanced on the superior edge
of the rib to avoid the neurovascular bundle bordering the rib
above.™ |t should also be positioned posteriorly and advanced un-
tilthe tipisin a posteroapical location. The tube should also be fully
inserted to ensure that the most proximal (sentinel) hole is within
the pleural space to allow the chest tube to function properly.™ Lastly,
it is important to secure the chest tube with a suture to prevent it
from falling out. Most tubes can be removed without suture skin
closure, but in children and adults with very low body mass index
(calculated as weight in kilograms divided by height in meters
squared), placement of an untied adjunctive chest tube suture at the
time of insertion allows for closure of skin defects at the time of tube
removal, especially large-bore tubes, to prevent entraining atmo-
spheric air with tube removal.

|
Management

Once a chest tube is placed, it is connected to a drainage device,
which, like the chest tube itself, has evolved over the years. The first
rendition was a 1-compartment system reported by Playfair>3in 1875,
which used a 1-way valve to allow air to egress from the pleural cav-
ity during expiration without returning on inspiration. In 1926,
Lilienthal** developed a 2-compartment system, which allowed the
accumulation of fluid in the first collection bottle without compro-
mising the efficiency of the system and its ability to drain, as would
have been observed in the first model. Then, the 3-compartment
system emerged in 1952 with Howe, which allowed collection, wa-
ter sealing, and suction and manometer capabilities that are com-
bined into a single pleural drainage unit (PDU).'®%* This forms the
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Figure 4. Insertion Technique
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foundation of the modern PDU devices today, some of which are
digitally operated.

Once placed, chest tubes may be attached to a PDU and set to
active suction or to water seal, which is simple dependent drain-
age. The phrase “place a chest tube on water seal" is a misnomer, as
modern PDUs have a constitutive water seal chamber that serves
asal-way valve, preventing air from returning into the pleural space;
placing a chest tube on water seal simply means taking the tube
off active suction. The randomized clinical trial by Cerfolio et al*®
found that water sealing the chest tube on postoperative day 2 af-
ter thoracic surgery resulted in a significant resolution of small air
leak the following day, with the authors noting that large air leaks
do not benefit from water sealing. Another randomized clinical trial®”
demonstrated similar results of a shorter duration of air leak with
early water sealing for postthoracic surgery chest tubes, which
subsequently decreased the duration the chest tube was needed.
Both of these studies, albeit randomized clinical trials, are limited
by their small sample sizes. Brunelli et al*® performed a random-
ized clinical trial with a larger sample size, did not find an advan-
tage with water seal over suction for postthoracic surgery patients
and the authors favor a hybrid approach of moderate suction over-
night and water sealing during the day to allow for mobilization of
the patient. The systematic review and meta-analysis by Coughlin
et al?*® determined that there was no advantage of suction over wa-
ter seal after thoracic surgery, with the exception of suction being
superior to water seal in preventing a radiographic identification of
pneumothoraces.

For patients with a traumatic chest injury, the systemic review
and meta-analysis by Feenstra et al® demonstrated evidence that
favors low-pressure suction over water seal. This meta-analysis is
limited in the number of studies, and therefore patient sample
size, included. In addition, there are few patients with chest tubes
in the setting of mechanical ventilation included in this study, which
is an important subset of trauma patients. Patients who have an
occult pneumothorax and are receiving positive pressure mechani-
cal ventilation are at risk of developing a tension pneumothorax,
therefore it may be necessary for a chest tube to be placed on suc-
tionin this subset of patients.3° Overall, the management of a chest
tube depends on the indication for insertion with evidence favor-
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ing suction over water seal for both postthoracic surgery patients
and traumatic chest injury patients, until resolution of air leak.

. |
Removal

There are many factors that come into play when determining the
correct time to remove a chest tube. The quality of the fluid should
be free of chyle, or blood suggestive of active bleeding, and be
nonpurulent.3"32 However, the quantity of fluid that is acceptable
before the removal of a chest tube is without consensus, with vary-
ing recommended volume thresholds ranging from 200 mL per day
to 500 mL per day.>"33 Cerfolio et al*? performed a retrospective
cohort analysis that demonstrated that chest tube removal up to
450 mL per day was acceptable in patients who underwent elec-
tive pulmonary resection. They reported that 364 of 1988 patients
(18%) were able to go home sooner owing to surgeons changing to
the higher threshold (450 mL per day) and only 11 patients (0.55%)
were readmitted as a result of a recurrent symptomatic effusion.
Grodzki et al** tested this conclusion a year later and removed chest
tubes at the higher threshold of 450 mL per day and found that 6
of 40 patients (15%) were readmitted with pleural effusions, thus
leading the authors to revert to their original practice of following a
threshold of 200 mL per day for chest tube removal. The limitation
in the former study is the lack of reliable follow-up, which could ac-
count for the low readmission rate, and the limitation in the latter
study is the small sample size. Larger randomized clinical trials would
be helpful in clarifying this gap in our understanding.

Whether to remove the chest tube at the end of expiration or
inspiration is another question that has been widely debated. No-
voa et al*' recommended removing the chest tube at the end of ex-
piration during a Valsalva maneuver, which corresponds to the time
when the difference between the atmospheric pressure and pleu-
ral pressure is at its lowest.3! Other studies, such as French et al,3*
emphasized theimportance of a Valsalvamaneuver during chest tube
removal regardless of the respiratory phase in which it is removed.
The chest tube should be removed swiftly and the defect in the chest
wall should be closed with either a suture that was placed at the time
of chest tube placement or with a properly occlusive dressing.
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Complications

The retrospective review by Platnick et al*® found that certain risk
factors, such as chest tube placement in the emergency depart-
ment, placement by emergency medicine clinicians, and place-
ment in patients with a body mass index greater than 30 were all
associated with chest tube complications. However, the exact com-
plication rate associated with chest tubes is variable and has been
quoted as high as 40%.3638 The variability in the reported compli-
cation rate can be attributed to a lack of a universally accepted way
to categorize the many different complications. Aho et al?° pro-
posed away to standardize the reporting of complications surround-
ing chest tubes to allow for easier recording and collection of data.
The 5 complication categories proposed were insertional, posi-
tional, removal, infectious, and malfunction. Insertional complica-
tions include injury to intrathoracic or extrathoracic organs within
24 hours of insertion, which is a complication most common with
chest tubes being inserted via the trocar technique.'®2° Positional
complications are defined as occurring 24 hours after insertion, in-
cluding erosions into adjacent organs or any tube kinking, obstruc-
tion, or being entrapped in the fissure after lung expansion.'2°
Removal complications encompass failure to seal the chest defect
after the chest tube is removed, resulting in entraining atmo-
spheric air, or the retention of any foreign objects after removal.2°
Infectious complications involve any infection, either external from
improper sterilizing techniques or internal with the development
of an empyema.2° Malfunction complications include problems
that may arise from the health care clinician managing the chest tube
or equipment issues.2° Defining complications in these distinct
categories allows clinicians to create a foundation to compare data
collected in future studies and protocols to reduce the risk of com-
plication associated with chest tubes.

COovVID-19

Chest tube management during the COVID-19 pandemic, or any
future coronavirus or HIN1 pandemic, is challenging owing to the
risk of aerosolizing dangerous virions. Proper personal protective
equipment, minimizing water seal, and using filters to decrease
the number of aerosolized particles escaping into the air are modi-
fications that have been implemented in many intensive care units
around the world.3”° A small observational cohort study*® found
that connecting 2 closed underwater drainage systems in series
with an air filter attached to the second system was associated with
a decrease in the dissemination of coronavirus particles, as evi-
denced by alack of COVID-19 infection reported in their health care
workers during the study. However, this study was limited with its
small power.
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Future Directions

More recent studies are leaning toward conservative managementin
some specific pleural disease processes. The randomized clinical trial
by Hallifax et al*' demonstrated that the use of ambulatory devices
for the treatment of primary spontaneous pneumothorax compared
with usual care, which included aspiration or chest tube insertion, was
associated with a significantly shorter hospital length of stay. These
findings suggest that this subset of patients can be treated in an out-
patient setting and that ambulatory devices should be considered as
an effective treatment strategy for this disease process. However,
there was anincrease in the number of adverse events associated with
the treatment with ambulatory devices, including enlarging pneu-
mothorax and problems associated with the device, such as kinking
or dislodgement, which will require more research if this approach is
going to replace the current standard of care.

Inastudy by Brown et al,*? conservative treatments, such as ob-
servation of moderate- to large-sized primary spontaneous pneumo-
thorax, were found to be noninferior to the placement of a small-bore
chest tube regarding resolution of the pneumothorax within 8 weeks.
The study reports that 118 of 125 patients (94%) of patients undergo-
ing conservative management did not require aninvasive procedure,
thus challenging the paradigm that all patients with a hemodynamic
andrespiratory stable primary pneumothorax should routinely undergo
decompression with a chest tube as the first treatment option.

Theroutine placement of a chest tube after thoracic surgery is an-
other area with emerging research. The randomized clinical trial by
Zhang et al*® showed that the placement of a novel air-extraction
double-lumen catheter was noninferior to the placement of atraditional
chest tube in the incidence of a pneumothorax on postoperative day
1. The use of this air-extraction catheter was also associated with a sig-
nificantly lower patient-reported pain score, which supports the argu-
ment that more conservative techniques can be used to optimize
patient comfort without compromising clinical outcomes.

. |
Conclusions

With the advancement of technology and the push toward less in-
vasive approaches, the treatment of pleural conditions that were
once managed solely by chest tubes continues to evolve. However,
chest tubes are likely to continue to be a vital part of a clinician’s rep-
ertoire as they are still considered the standard of care for certain
pleural disease processes and life-saving devices in others. It is im-
perative that trainees have a solid foundation on the management
of chest tubes, as their use is a dynamic process that will continue
to change as time progresses. This review highlights the studies that
have shaped the way chest tubes are managed today and allows the
reader to develop and cultivate their understanding.
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Opinion

JAMA Surgery—The Year in Review, 2022

Melina R. Kibbe, MD

2022 was a year associated with tremendous accomplish-
ments for JAMA Surgery. First, as evidence of the high-
quality scientific publications in JAMA Surgery, the impact fac-
torrose from 14.8 to 16.7. This remarkable achievement reflects
the hard work of the journal’s authors, peer reviewers, and edi-
torial team. The impact factor, along with other important met-
rics, continues to position JAMA Surgery as the number 1 ranked
surgery journal in the world.

In 2022, the acceptance rate for all article types was 19%;
for Original Investigations, 8%; and for Research Letters, 17%.
The journal’s most popular articles by views and downloads,
news and social media coverage, and citations are listed in
the Table."® The web and social media presence for JAMA
Surgery continues to be strong under the leadership of

Table. JAMA Surgery Statistics for 2022

Characteristic® Result
Manuscript data
All manuscripts received 2446
Research manuscripts received® 1933
Acceptance rate, %

Overall 19

Research 9
Original Investigations

Received, No. 1701

Acceptance rate, % 8
Research Letters

Received, No. 232

Acceptance rate, % 17
Viewpoints

Received, No. 130

Acceptance rate, % 24
Manuscripts sent for external peer review, % 25
Peer reviewers, No. 436
Receipt to first decision without peer review, median, d 11
Receipt to first decision with peer review, median, d 39
Peer reviewer turnaround, median, d 10
Acceptance to publication, median, d 84
Receipt to publication, median, d 133
2021 Journal impact factor 16.7
Information dissemination data
Recipients of electronic table of contents per week 126098
Views/downloads per year, million 4.6
Media mentions 8179
Social media followers 74661

Twitter 47 500

Facebook 27161

LinkedIn 2813

(continued)
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Amalia L. Cochran, MD, the Web and Social Media Editor. More
than 4.6 million articles were viewed and downloaded from
the journal website in 2022. The journal’s electronic table of
contents is delivered each week to more than 126 000 indi-
viduals. We currently have 47 500 Twitter followers, which rep-
resents an 11.6% increase in 2022, and 27 161 Facebook follow-
ers, which represents a 0.3% increase in 2022 (Table). Thus,
between the electronic table of contents, visits to the journal
website, social media reach, and print distribution, JAMA
Surgery reaches more than 130 000 individuals weekly.
JAMA Surgery continues to promote the work of authors
through additional outlets. JAMA Surgery publishes author
interview podcasts!© each month under the direction of
Dr Cochran, who brings a wonderful level of insight into the
interview process with the authors. Articles published in JAMA
Surgery had extensive press coverage, with 8179 media men-
tionsin 2022 in outlets such as The New York Times, Wall Street
Journal, USA Today, CNN, NPR, and Forbes. In recognition of
the press coverage, web, and social media support, articles in
JAMA Surgery have done well with Altmetric scores (mea-
sures of news and social media attention). JAMA Surgery

Table. JAMA Surgery Statistics for 2022 (continued)

Characteristic® Result

Top 3 articles by views/downloads

1.Gao et al,* Effect of Early vs Late Supplemental Parenteral
Nutrition in Patients Undergoing Abdominal Surgery:

A Randomized Clinical Trial

2. Rohatgi et al,? Perioperative Cardiovascular
Considerations Prior to Elective Noncardiac Surgery

in Patients With a History of COVID-19

3. Anderson et al,> Comprehensive Review of Chest Tube
Management: A Review

Top 3 articles by Altmetric score

1. Gill et al,* Population-Based Estimates of 1-Year 769
Mortality After Major Surgery Among Community-Living
Older US Adults

2. Burns et al,> Association of Anesthesiologist Staffing 538
Ratio With Surgical Patient Morbidity and Mortality

3. Forbes et al,® Uterine Transplant—Progress, 529
but Concerns Remain

Top 3 articles by Web of Science citations

1. Markmann et al,” Impact of Portable Normothermic 34
Blood-Based Machine Perfusion on Outcomes of Liver
Transplant: the OCS Liver PROTECT Randomized

Clinical Trial

2. Lim et al,® Survival After Hyperthermic Intraperitoneal 18
Chemotherapy and Primary or Interval Cytoreductive

Surgery in Ovarian Cancer: A Randomized Clinical Trial

3. Rosen et al,® Biologic vs Synthetic Mesh for Single-stage 16

Repair of Contaminated Ventral Hernias: A Randomized
Clinical Trial

28050

27956

21792

@ Data based on all manuscripts submitted, including research, review and
education, opinion, and letters.

®Includes Original Investigations and Research Letters.
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published 4 of the top 5 and 34 of the top 50 articles by
Altmetric score among surgery journals in 2022.

In 2022, JAMA Surgery published the fourth series of short
educational articles intended to help surgeons who conduct
randomized clinical trials and interpret the findings of the trials.
The series, entitled “Guide to Statistics and Methods: Ran-
domized Clinical Trials in Surgery,” is an 11-part series in-
tended to address the critical aspects of managing random-
ized clinical trials. Earlier Guide to Statistics and Methodology
series include Reporting Guidelines published in 2021, Health
Services Research Methodology published in 2020, and the
Practical Guide to Surgical Data Sets published in 2018.124 All
of these Guides to Statistics and Methods series can be found
at https://jamanetwork.com/journals/jamasurgery/pages/
statistics-and-methods.

In 2022, we also welcomed our new editor in chief of the
JAMA Network, Kirsten Bibbins-Domingo, PhD, MD, MAS.

We look forward to the impact Dr Bibbins-Domingo will have
on the science published across the JAMA Network journals.
Additionally, JAMA Surgery welcomed our inaugural Deputy
Editor for Diversity, Equity, and Inclusion, Leah M. Backhus,
MD, MPH. The creation of this position is part of many initia-
tives related to diversity, equity, and inclusion across the
JAMA Network.

Overall, 2022 was a good year for JAMA Surgery. I thank
the readers, authors, peer reviewers,' and editorial board for
contributing to the journal. Through your support, we aim to
fulfill our mission to promote the art and science of surgery
by publishing relevant peer-reviewed research to assist sur-
geons in optimizing patient care and to serve as a forum for
the discussion of issues pertinent to surgery, such as diver-
sity, equity, and inclusion; the education and training of the
surgical workforce; quality improvement; and the ethics and
economics of health care delivery.
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