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Compartment syndrome (CS) occurs when there 
is an increase in pressure within a confined space, 
which affects the function of the organs within it [1]. 
The underlying pathophysiology of all forms of CS 
involves a decrease in blood flow to the intra-com-
partmental organs due to the increase in interstitial 
pressure that exceeds the capillary pressure, leading 
to vascular collapse, tissue hypoxia and ischemia, 
which clinically manifests as multiorgan dysfunc-
tion [2, 3].

Thoracic compartment syndrome (TCS) can de-
velop in a wide variety of surgical pathologies, es-
pecially in cardiac surgery, chest trauma, and com-
mon medical conditions in intensive care, which 
leads to increased morbidity and mortality in criti-
cally ill patients [1]. Despite this, no clear definition 
is available, which limits its diagnosis and timely 
treatment.

This study reviews the existing scientific litera-
ture on the clinical presentation, pathophysiology, 
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and causes of TCS to propose a definition and facili-
tate future research.

METHODS 
This study was approved by the Ethics Com-

mittee of Fundación Clínica Shaio, Bogotá, Colom-
bia (DIB code DIB 24-15) and was exempt from in-
formed consent requirements, as no confidential 
patient or institutional information was involved.

The review was carried out in several stages. In 
the first stage, two independent collaborators made 
the selection to avoid selection bias during the search 
for all studies, according to titles and abstracts match-
ing our keywords and full texts. Adult patients were 
included without limitations on language, year of 
study, or publication. All studies in pregnant pa-
tients or the pediatric population were excluded. 
The identification of studies and literature reviews 
was done through a bibliographic search in the data-
bases PubMed, Scopus, Embase, Google Scholar, and 
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Abstract:
Compartment syndrome (CS) arises from increased pressure within a confined space, 
compromising organ function due to reduced blood flow and subsequent tissue hypo­
xia and ischemia. Thoracic compartment syndrome (TCS), a subset of CS, occurs in di­
verse surgical and medical conditions, particularly cardiac surgery, chest trauma, and 
critical care scenarios, significantly contributing to morbidity and mortality. However, 
the absence of a standardized definition hinders timely diagnosis and treatment.
This study systematically explores the clinical presentation, pathophysiology, and causes 
of TCS, aiming to establish a comprehensive definition to guide diagnosis and research. 
A multi-stage review process was employed. Two independent reviewers screened  
titles, abstracts, and full texts of studies identified through databases such as PubMed, 
Scopus, Embase, Google Scholar, and SpringerLink, complemented by gray literature 
searches in NTIS and EAGLE. Inclusion criteria focused on adult patients, excluding pe­
diatric and obstetric populations. The search spanned all relevant studies published up 
to December 20, 2024.
TCS remains under-recognized yet poses significant risks in critically ill patients. This 
article proposes a definition grounded in evidence and pathophysiological insights to 
aid diagnosis and future investigations into this life-threatening condition.
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SpringerLink, in addition to a manual search of identi-
fied articles that were considered valid.

Additionally, a search was carried out in gray lite
rature in the NTIS and EAGLE databases to increase 
sensitivity and ensure that all relevant information 
was captured. The search terms focused on three 
concepts using MESH and EMTREE terms when ap-
propriate – thoracic, compartment, and syndrome – 
from the journal’s beginning to December 20, 2024. 
The second stage involved screening the identi-
fied articles, and in the third stage, articles that 
met the minimum inclusion and exclusion criteria  
for the full-text review were included (Figure 1 and 
Table 1).

DISCUSSION 
The human body is commonly described in 

the literature as having four compartments: head, 
thorax, abdomen, and extremities [1]. The perfu-
sion pressure (PP) of an organ depends on the in-
flow pressure (mean arterial pressure – MAP) and 
the outflow pressure (venous pressure – VP):

PP = MAP – VP [4]
In turn, the pressure of the cavity in which these 

organs are contained is inversely related to their 
perfusion pressure, due to the collapse of the ve-
nous drainage system by the drop in transmural 
pressure, which leads to a decrease in blood flow 
corresponding to each organ, as in the case of in-
tracranial perfusion pressure (IPP).

IPP = MAP – ICP [4] 

PP assessment should be evaluated objectively 
in each of the compartments. In the thoracic com-
partment, there is a surrogate for intrathoracic pres-
sure (ITP) measured through an esophageal pres-
sure catheter (Pes); however, the availability of this 
is low in most intensive care units around the world, 
for which a surrogate in patients with invasive me-
chanical ventilation is the peak inspiratory pressure 
(PIP) measured by the ventilator, considering that 
this could be affected by other pathologies such as 
increased airway resistance [1, 5].

TCS was initially described in 1975 by Riahi  
et al. [6] in postoperative (POP) patients undergoing 
cardiac procedures with prolonged intraoperative 
time. These patients present pathophysiological 
alterations during the procedure, such as myocar-
dial edema, pulmonary edema, acute ventricular 
dilation, and premature sternal closure, which in-
creases the risk of developing cardiac tamponade in 
the POP period [1]. Subsequently, it was described in 
non-surgical populations such as closed chest trau-
ma with primary space-occupying lesions (hemo-
thorax, pneumothorax, and hemopericardium) [7]. 
 Finally, in recent decades, it has been described in 
other medical conditions in intensive care, such as 
acute respiratory distress syndrome [1].

Causes of TCS
They are classified as primary due to injuries 

or conditions that compromise the intrathoracic 
organs or secondary due to increased pressure in 

FIGURE 1. Selection of studies 
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TABLE 1. Selection of studies and proposed definitions

Authors Name Type 
of article

Year Journal Definition

Riahi M, Tomatis LA, 
Schlosser RJ, 
Bertolozzi E, 
Johnston DW

Cardiac compression  
due to closure 

of the median sternotomy 
in open heart surgery

Case report 1975 Chest Cardiac compression syndrome: sudden drop  
in BP with an elevation of CVP that appears 

during or immediately after sternal 
approximation in heart surgery

Kaplan LJ, Trooskin SZ, 
Santora TA

Thoracic compartment 
syndrome

Case report 1996 The Journal 
of Trauma

Compartment syndrome: compartment pressure 
exceeds tissue perfusion pressure

Rizzo AG, Sample GA Thoracic compartment 
syndrome secondary to 

a thoracic procedure: 
a case report

Case report 2003 Chest Thoracic compartment syndrome: recognition 
of increased airway pressure, decreased CO,  

and worsening metabolic acidosis

Wandling MW, 
An GC

A case report of thoracic 
compartment syndrome in 
the setting of penetrating 
chest trauma and review 

of the literature

Case report 2010 World Journal 
of Emergency 

Surgery

Trauma-related thoracic compartment 
syndrome: elevated ITP associated with elevated 
airway pressures, impaired alveolar ventilation, 

and hemodynamic instability related to  
sternal closure

Balogh ZJ, 
Butcher NE

Compartment syndromes 
from head to toe

Review 2010 Critical Care 
Medicine

Compartment syndrome: organ/tissue 
dysfunction within the compartment due 

to limited blood supply caused by increased 
pressure within it

Thoracic compartment syndrome: increase 
 in MIP during chest wall closure

Parra MW, Rodas EB, 
Bartnik JP, Puente I

Surviving a delayed trans-
diaphragmatic hepatic 

rupture complicated by an 
acute superior vena cava 

and thoracic compartment 
syndromes

Case report 2011 Journal 
of Emergencies, 

Trauma 
and Shock

Compartment syndrome: pressure within 
a compartment exceeds tissue perfusion 

pressure

Akay MH, Frazier OH Thoracic compartment 
syndrome: a case report

Case report 2012 Heart Surgery 
Forum

Compartment syndrome: compartment volume 
displacement causing increased pressure and 
reduced capillary blood flow or venous return
Thoracic compartment syndrome: occurs after 
trauma and mediastinal or cardiac procedures; 

where delayed sternal closure has been 
the treatment of choice to provide hemodynamic 

stability, as first described in ARDS

Malbrain ML, 
Roberts DJ, Sugrue 
M, De Keulenaer 
BL, Ivatury R, Pelosi 
P, et al.

The polycompartment 
syndrome: a concise state-

of-the-art review

Review 2014 Anaesthesiology 
Intensive Therapy

Compartment syndrome: increased pressure 
within a closed anatomical space, threatening 
the viability of the contained and surrounding 

tissue
Intrathoracic hypertension: ITP > 15 mmHg

Thoracic compartment syndrome: 
ITP > 25 mmHg

Rupprecht H, 
Dormann H, Gaab K

Thoracic compartment 
syndrome after 

penetrating heart and lung 
injury

Case report 2019 GMS 
Interdisciplinary 

Plastic and 
Reconstructive 
Surgery DGPW

No definition

Posada-Rios D, 
Ramírez-Moreno A, 
Jaramillo-Gonzáles JC, 
Zambrano-Vesga R, 
Franco-Mesa C

Thoracic compartment 
syndrome

Case report 2023 Revista Colombiana 
de Cardiología

Thoracic compartment syndrome: increase 
in pressure within a closed osteofibrous 

compartment, due to an increase in its internal 
volume or a decrease in the space containing 

its structures, with a marked decrease in blood 
flow to muscles and adjacent nerve structures 

with ischemia and tissue necrosis
BP – blood pressure, CVP – central venous pressure, CO – cardiac output, ARDS – acute respiratory distress syndrome, ITP – intrathoracic pressure, MIP – maximum inspiratory pressure 
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one cavity being transmitted from an adjacent one 
(Table 2) [1, 2, 8]. 

Impact on physiology and fluid dynamics
The thorax is a semi-rigid cavity surrounded 

by the rib cage and delimited by the thoracic inlet 
(superior thoracic aperture) and the diaphragm 
at the lower part. Inside are three compartments 
separated by fibrous tissue: 2 pulmonary cavities 
delimited by the pleura and the mediastinum, 
which contains all other structures within the tho-
rax. The transverse thoracic plane at the T4 verte-
bral level further divides the mediastinum into 
a superior and inferior compartment. The superior 
mediastinum contains the great vessels, and the in-
ferior mediastinum comprises the space between 
the transverse thoracic plane and the diaphragm [9].

The inferior mediastinum is divided into ante-
rior, middle, and posterior portions [9]. The heart, 
contained within the pericardium, is in the middle 
mediastinum. The outer layer of the pericardium – 
the parietal pericardium – is attached to the walls 
of the great vessels and the diaphragm [10]. The in-
ner layer is the visceral pericardium, which is in 
direct contact with the heart. Between these two 
layers is a space with a small amount of lubricating 
fluid that reduces the friction generated by cardiac 
movement [9], maintaining a pressure between  
0 and 5 mmHg. When this pressure exceeds the in-
tracardiac pressure, it can cause a collapse of the 
cardiac chambers [11]. All these layers of fibrous tis-
sue that contain the intrathoracic organs communi-
cate with each other, creating continuity between 
all the structures that make up the thorax and, 
therefore, the ability to transmit pressures from one 
organ or compartment to another.

The intrathoracic compartments are delimited 
by structures allowing pressure to be transmitted 
to another, impacting the adjacent organs [9–11]. 
In the case of a tension pneumothorax, the expan-
sion of the pleural cavity displaces the mediasti-
num, causing compression of the cardiac cham-
bers and vessels, leading to obstructive shock [12]. 
Therefore, the thorax behaves as a multicompart-
mental space in which each compartment depends 
on the others.

Normal ITP ranges from 5 to 7 mmHg and can 
be measured directly via a Pes catheter or indirectly 
using surrogate markers such as PIP. ITP exceeding 
15 mmHg defines intrathoracic hypertension (IH), 
while TCS is typically associated with ITP above  
25 mmHg [1, 5, 13]. However, TCS diagnosis should 
not rely solely on pressure thresholds but also  
consider the resulting organ dysfunction [1–3, 14] 
(Figure 2).

Heart-lung interaction 
 Intrathoracic pressure directly affects the pre-

load and afterload of the right ventricle (RV) and left 
ventricle (LV). Negative ITP increases venous return, 
decreases RV afterload, and increases LV afterload. 
When pleural pressure increases, this heart-lung in-
teraction reverses, affecting normal cardiovascular 
function, as occurs during positive pressure ventila-
tion. In cases of low lung compliance, the changes 
in intrathoracic pressure and hemodynamics are 
more pronounced [15, 16].

This increase in ITP is transmitted to the right 
atrial pressure (RAP). According to Ohm’s law, ve-
nous return (VR) depends on the pressure gradient 
between the mean systemic filling pressure (Pms) 
and RAP, while venous resistance (Rv) opposes this 
return.

VR = (Pms – RAP)/Rv) [17]

TABLE 2. Causes of thoracic compartment syndrome 

Primary Secondary
1. Thoracic trauma 

– tension pneumothorax
– massive hemothorax
– cardiac tamponade  
– pulmonary contusions 

2. Prolonged cardiac surgery  
– ventricular chamber distention
– myocardial distention
– pulmonary edema 
– premature sternal closure 

3. Aggressive fluid resuscitation
4. Increased capillary permeability

– sepsis
5. Pulmonary hyperinflation

– COPD
– asthma

6. Loss of chest wall compliance 
– burns

7. ARDS 

1. Decreased chest wall 
compliance

– obesity
–� open abdomen, 

abdominal surgical 
pathologies

2. Polycompartment 
syndrome

– �hepato-abdomino-
pulmonary syndrome

COPD – chronic obstructive pulmonary disease, ARDS – acute respiratory distress syndrome

FIGURE 2. Mechanisms by which the pressure of the intrathoracic cavity increases 
[1, 2, 20, 21]
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An increase in RAP will lead to a reduction in VR, 
which results in a decrease in stroke volume and 
cardiac output (CO) of the LV [1]. This pressure is 
also transmitted to the rest of the cardiac chambers, 
which increases myocardial wall stress [18]. Additio
nally, the increase in ITP causes airway compression, 
increasing respiratory system resistance with an in-
crease in PIP, plateau pressure, and mean airway pres-
sure, and a decrease in respiratory system compliance.

The decrease in CO due to the mechanisms 
described leads to metabolic acidosis and hemo-
dynamic instability, with a drop in systemic arterial 
pressure combined with an increase in LV end-dia-

stolic pressure, resulting in a decrease in coronary 
perfusion pressure, inducing subendocardial ische
mia, which worsens the hemodynamic state [18].

Increased ITP, as the pericardium and sternum 
limit ventricular diastolic function, generates a limi-
tation in LV filling. Accordingly, prolonged open 
sternotomy has been proposed as an alternative in 
cases of cardiac surgery in patients with other risk 
factors or comorbidities that facilitate TCS [2, 19].

Additionally, hemodynamic evaluation in patients 
with IH can be limited because the values of central 
venous pressure (CVP), right ventricular pressure, or 
pulmonary artery wedge pressure (PAWP) measured 
by the pulmonary artery catheter can be overestimat-
ed due to the alteration of the transmural pressure 
of the great vessels in this pathology. Some authors 
recommend adjusting the values, using end-expira-
tory filling pressures, taking into account that venous 
return is greater at end-expiration and considering 
transmural pressures. Some of the described formu-
las include [1]:

Transmural central venous pressure (CVPtm) = 
CVP – ITP [1]

Transmural pulmonary artery wedge pressure 
(PAWPtm) = PAWP – ITP.

Another option for performing an adequate 
hemodynamic assessment in cases of TCS is to use 
the measurement of extravascular lung water using 
the PiCCO catheter or non-invasive methods such as 
bedside ultrasound [20].

Impact on other compartments
When TCS occurs, the increase in pressure does 

not only affect intrathoracic organs; this pressure 
increase is transmitted to other adjacent compart-
ments, especially the cranium and abdomen. The in-
crease in pressure in the cardiac chambers generates 
a significant limitation to VR, leading to an increase 
in cerebral venous pressure, resulting in intracranial 
hypertension, and at the abdominal level, a decrease 
in renal, hepatic, and intestinal tissue perfusion pres-
sure [1, 17, 20, 21] (Figure 3). 

Definition of TCS
In Table 3, we present a definition of TCS that 

takes into account the physiological considerations 
outlined above [5, 13, 22–27].

CONCLUSIONS
TCS is a pathology that is poorly described in 

the scientific literature; however, it can occur in a wide 
range of surgical and medical conditions, in which it 
can worsen the clinical status and even lead to death. 
Despite being a potentially fatal condition, there is  
no clear definition to reach its diagnosis. In this arti-

FIGURE 3. Multicompartment syndrome: the increase in ITP transmitted to the right 
atrium generates a decrease in venous return based on Ohm’s law; this, in turn, gene
rates an increase in venous pressure in the abdominal and cerebral compartments, 
which decreases the perfusion pressure of the contained organs, leading to oxygen 
debt and multiorgan dysfunction [40]. The limitation to VR also decreases stroke vol-
ume, increasing hypoperfusion and hemodynamic instability

Ppl – pleural pressure, ITP – intrathoracic pressure, RAP – right atrial pressure, VR – venous return, SV – stroke volume, 
MAP – mean arterial pressure, CPP – coronary perfusion pressure, MWS – myocardial wall stress, SEI – subendocardial 
ischemia, CVR – cerebral venous return, CVP – cerebral venous pressure, ICP – intracranial pressure, CPPc – cerebral 
perfusion pressure, AVR – abdominal venous return, AVP – abdominal venous pressure, IAP – intra-abdominal pressure, 
PP – perfusion pressure, ACS – abdominal compartment syndrome, DeOX – oxygen debt
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TABLE 3. Proposed definition of thoracic compartment syndrome

IH
ITP > 15 mmHg measured by esophageal pressure catheter
Increased peak inspiratory pressure > 30 cmH2O in ventilated patients

Thoracic compartment syndrome 
The sum of IH + organ dysfunction associated with at least one of the following:

Cardiovascular:

Cardiac index < 2.2 de novo or deterioration from baseline value > 20%.

 Diastolic dysfunction given by: E/A ratio < 0.8 or > 2.0, E/e′ ratio > 14, septal e′ velocity < 7 cm s–1, lateral e′ > 10 cm s–1,  
tricuspid regurgitation velocity > 2.8 m s–1**

Hemodynamic deterioration: hypotension (SBP < 90 mmHg), increased vasopressor requirement, tachycardia > 100 bpm

Pulmonary

 Ventilated patient: Deterioration of respiratory mechanics compared to baseline (pulmonary compliance, increased airway 
resistance and elastance, peak pressure > 30 cmH2O, plateau pressure > 27 cmH2O or mean airway pressure > 20 cmH2O, 
Pes < –30 cmH2O)
Non-ventilated patient: Deterioration of the respiratory pattern, hypoventilation with PaCO2 > 40 mmHg, Pes < –15 cmH2O

Signs of polycompartment syndrome

Clinical signs of secondary intracranial hypertension 

Oliguria < 0.5 cc kg–1 h–1

Hepatic dysfunction: elevation of transaminases > 20 times the normal value without other causes of hepatitis 

Gastrointestinal dysfunction: ileus without another clear cause 
*In patients with acute respiratory distress syndrome, cutoff points of peak inspiratory pressure > 35 cmH2O should be considered. **As per ASE/EACVI 2016 recommendations [28]. 
ITP – intrathoracic pressure, IH – intrathoracic hypertension, SBP – systolic blood pressure

cle, a definition based on the evidence and the pre-
viously described pathophysiological behavior was 
proposed.
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