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Abstract 

Background  Partial aorta detachment is a rare and fatal complication of mechanical chest compression.

Case presentation  The paper describes a patient in cardiac arrest who died despite receiving CPR using mechanical 
chest compression. After death, an autopsy showed the presence of a partial rupture of the aortic wall in the intra-
pericardial section.

Discussion  In the discussion, for this case, we propose to deepen our knowledge of post-resuscitation complica‑
tions, which may help to understand the need to maintain the recommended parameters of chest compressions, 
respond more confidently to changes in the patient’s condition during CPR, to interpret the results of bedside exami‑
nations better, and to understand the autopsy results better. In our opinion, the best method of diagnosing internal 
injuries, which we provide with Point-of-Care (POCUS) ultrasound, allows for therapeutic interventions that maximize 
the chances of spontaneous circulation. Education and skill development are also indispensable aspects of CPR. Par‑
ticular attention should be paid to the same quality of chest compressions performed.

Conclusions  As conclusions drawn from the analysis of this case, we propose paying particular attention to the diffi‑
culty of explaining changes in the patient’s condition during CPR, the widespread use of POCUS, and considering the 
use of compressions performed by staff in situations where it is possible and safe.
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Background
Effective chest compressions are the most crucial dur-
ing cardiopulmonary resuscitation (CPR) and should 
be provided to all patients with cardiac arrest. Its qual-
ity impacts patient prognosis (European Resuscitation 
Council Guidelines 2021). Even technically executed, 
chest compressions may cause iatrogenic injuries to the 
airways, chest, and abdomen. The most common injuries 
are rib (13–97%) and sternal fractures (1–43%) (Hoke 
and Chamberlain 2004). Broken bones can secondarily 

damage internal organs, significantly reducing return 
of spontaneous circulation (ROSC) and even leading to 
death (Sokolove et  al. 2002). Peri- or post-resuscitation 
recognition of iatrogenic injury allows implementation 
of dedicated treatment procedures and maximizes the 
chances of long-term spontaneous circulation.

We report a patient with severe, rare, and fatal CPR 
complications and discuss diagnosing, treating, and 
interpreting peri-resuscitation injuries. During CPR 
performed by the bystander, EMS, and ED team, partial 
detachment of the heart from the aorta and bleeding into 
the left pleural cavity occurred. The diagnosis was con-
firmed postmortem in the autopsy.

Increasing knowledge of peri-resuscitation (resuscita-
tion-related) complications will help understand the need 
to maintain recommended chest compression param-
eters (European Resuscitation Council Guidelines 2021), 
respond more confidently to changes in patient status 
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during CPR, better interpret bedside findings, and better 
understand autopsy findings.

Case presentation
A 53-year-old male with a sudden loss of consciousness. 
Witnesses called EMS and performed CPR for 5  min 
until EMS arrived. After the arrival of EMS (“S” type 
ambulance—with a physician), PEA cardiac arrest was 
diagnosed. Manual chest compressions were contin-
ued, the patient was intubated and mechanically venti-
lated, and epinephrine was administered every 3–5 min 
(8  mg total). Due to the lack of effect and the young 
age of the patient, after 20  min, he was transported to 
the hospital. Manual CPR was performed during trans-
portation and continued in the Emergency Department 
(ED) for 30  min. In the hospital, point-of-care ultra-
sound (POCUS) was performed by a physician without 
interruption of cardiopulmonary resuscitation. POCUS 
showed no spontaneous contractility of the heart, a trace 
of fluid in the pericardial sac, and no liquid in the peri-
toneal cavity. Rhythm conversion from PEA to asystole 
was observed, and death was declared. The chest was 
compressed in total for approximately 55 min. Mechani-
cal chest compression devices were not used. The patient 
had a postmortem examination.

The autopsy showed: skin abrasions of the chest, mul-
tiple fractures of all left ribs, right ribs II–VI, sternal 
fracture, 1.5 cm laceration of the pericardial sac, partial 
aortic detachment from the valve with uneven edges for 
a 2-cm length without aneurysmal changes and 3.600 ml 
of blood in the left pleural cavity. The cause of death was 
massive internal bleeding from the heart’s severed arte-
rial and venous vessels with concomitant macroscopic 
and microscopic features of myocardial ischemia. Exter-
nal injuries were not fatal, and internal injuries were con-
sidered iatrogenic.

In this case, manual chest compressions resulted in a 
flail chest (multiple bilateral rib and sternal fractures) 
with a subtotal detachment of the aorta from the heart 
with pericardial disruption and hemorrhage into the left 
pleural cavity. The severity of the injuries related to the 
autopsy report is evidenced by the deposition of bleed-
ing present in the walls of the aorta. These current blood 
infiltrations described in the intercostal muscles and 
thoracic vessels correspond to their position relative to 
the force acting on the anterior chest wall and correlate 
with how chest compressions are performed. It is impor-
tant to remember that described injuries were caused by 
a forceful blow (possibly pressure) from a rigid or flex-
ible instrument, maybe human hands. The microscopic 
examination of the aortic wall did not reveal any pathol-
ogy that could weaken the vessel wall.

Discussion
Numerous peri-resuscitation injuries have been 
described, including aortic injuries (Waqar et  al. 2022). 
However, with the development of CPR standards, seri-
ous injuries are decreasing. The extensive injuries in the 
related case led the authors to review the literature and 
search for causes of cardiac arrest and iatrogenic compli-
cations during CPR.

Postmortem
Post-mortem examination must be complemented by a 
review of the deceased’s medical history, which can assist 
in avoiding misinterpretation of the autopsy findings. 
In the described case, an uncommon CPR complication 
occurred. If past medical history and circumstances of 
death were unknown, one could erroneously interpret 
the autopsy findings. It is known that aortic injury may 
occur in 34% of passengers in lethal car crashes (Szerem-
eta et  al. 2007). The goal of correctly interpreting inju-
ries and lesions dates back to forensic medicine. Thus, 
cooperation between clinicians and forensic specialists is 
instrumental in correctly interpreting the autopsy find-
ings, requiring interdisciplinary medical knowledge and a 
broader view of the findings (Ambade et al. 2021).

Ultrasonography
We reviewed recent evidence on Point-of-Care Ultra-
sound (POCUS) in both pre-hospital and emergency 
departments. Advantages of POCUS include being non-
invasive, not requiring transporting the patient outside 
ED, and not mandating require interruption of chest 
compressions. The use of Point-of-Care Ultrasound 
POCUS provides the opportunity to identify peri-resus-
citation injuries and prompt treatment interventions that 
maximize the chances of survival (Bendinelli et al. 2012). 
Studies have shown POCUS to be positive in up to 29% 
of cases (Konesky and Guo 2018). According to many 
authors, POCUS has a rapid learning curve and should 
be used obligatorily in emergencies such as the acute 
abdomen, sudden cardiac arrest, and acute obstetric con-
ditions in the ED and the pre-hospital (Arnold and Jonas 
2020).

Transesophageal Echocardiography (TEE) could be 
considered to increase the effectiveness of peri-resuscita-
tion ultrasound diagnoses. Some authors have proposed 
its inclusion in diagnostic algorithms in SCA (sudden 
cardiac arrest) (Dissection of the thoracic aorta following 
cardiopulmonary resuscitation Article in Critical ultra-
sound journal 2011). Transesophageal Echocardiography 
TEE is reliable and has a high sensitivity (97%). Critical 
therapeutic decisions can be made for the patient based 
on positive results (Kim et al. 2021).
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Post‑resuscitation care
Peri-resuscitation injuries should also be considered in 
patients who present with hemodynamic instability and 
rapidly deteriorate after successful resuscitation during 
post-resuscitation care. Heart, lungs, and aorta injuries 
can be treated during CPR by performing an emergency 
thoracotomy, switching to open cardiac compressions, 
and surgically managing injuries. This could be has 
been considered in the described case (Liu et  al. 2022). 
The authors suggest performing the first ultrasound 
assessment as early as possible during resuscitation and 
repeating it systematically to differentiate peri- and pre-
resuscitation injuries.

Education/quality monitoring
Education and skills development are an indispensable 
aspect of CPR. It is essential to pay particular attention to 
the exceptional quality of the chest compressions deliv-
ered. Increasing their depth results in more frequent iat-
rogenic peri-resuscitation injuries (Hellevuo et al. 2013). 
Studies also show a significant role of the incorrect posi-
tion of the hands on the chest (Natsuaki et al. 2010); too 
much force applied leads to more frequent fractures of 
the ribs and sternum, which leads to secondary Injuries 
to thoracic organs and vessels (Usawasuraiin et al. 2022). 
It is recommended to use devices that monitor the quality 
of chest compressions (Gugelmin-Almeida et al. 2021).

The authors suggest increasing the training in simu-
lated settings addressing the technical aspects of chest 
compressions, emphasizing their effectiveness and safety 
(Toft et  al. 2022) and the enormous potential benefits. 
This is, especially important in light of current guidelines 
that suggest manual chest compressions over mechani-
cal chest compression devices (European Resuscitation 
Council Guideline 2021).

Mechanical compressions
Through further training and improvement of their skills, 
the resuscitation practitioner can provide more effec-
tive, precise resuscitation and thus reduce the risk of 
iatrogenic peri-resuscitation complications. Of note, the 
injuries and subsequent deaths described in this case are 
reported with mechanical devices, e.g. LUCAS©, Cardio-
pump© (Alexander et al. 2021). Studies indicate that peri-
resuscitation complications—both related to soft tissue 
and bony injuries—are far more familiar with mechani-
cal devices than with manual compression (Friberg et al. 
2019; Ram et al. 2018).

Sternum fractures are as high as 81–93% and rib frac-
tures 81–86% (Ram et al. 2018) with Cardiopump©. For 
LUCAS©, up to 79% of patients suffer a rib fracture, 
compared with 65% for manual compressions. Sternal 

fracture estimates are similar (Friberg et  al. 2019). Fur-
thermore, the PaRAMeDic study of 4471 patients showed 
no improvement in 30-day survival in patients treated 
with LUCAS©—in addition, 3-month survival without 
neurological damage was lower in this group (Ram et al. 
2018).

We hypothesize that the latter may be due to the inabil-
ity of machines to "adjust" to the patient’s chest compli-
ance and the inability to control the force and depth of 
compressions consistently. It is also important to remem-
ber that the duration of the CPR is a risk factor for iatro-
genic injuries—and the European Resuscitation Council 
Guidelines 2021 that mechanical devices should only be 
used as a reasonable alternative to high-quality manual 
compressions. One such justification may be staff fatigue, 
a threat to their safety, or the need to transport the 
patient resulting in an increased duration of resuscitation 
(European Resuscitation Council Guidelines 2021).

Conclusions
The described case is not isolated. Peri-resuscitation 
injuries, including severe ones, occur frequently. The 
Department of Forensic Medicine in autopsy materials 
have identified numerous peri-resuscitation iatrogenic 
injuries, but so far, no such case has been encountered. 
The authors speculate that the manner and quality of 
chest compressions was the most critical factor, includ-
ing hand placement, depth of compressions, and keeping 
the hands on the chest between contractions. Iatrogenic 
injuries occur more frequently with mechanical chest 
compression devices (Sokolove et  al. 2002). Regardless, 
the resuscitator should pay attention to CPR-related inju-
ries in the differential diagnosis of reversible causes of 
cardiac arrest, assisted by Point-of-Care Ultrasound or 
Transesophageal Echocardiography. For deteriorating, 
persistently unstable, or unresponsive patients, the pres-
ence of iatrogenic injuries should be considered, lead-
ing to possible treatment and increasing the chances of 
return of spontaneous circulation. Despite ideal resusci-
tation conditions, iatrogenic complications are presently 
inevitable. Any physician working with a resuscitated 
patient (including a forensic physician) should be aware 
of it.
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