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Key Clinical Message
Common complications after PE surgery include ventricular tachycardia, cardiac 
arrest, pneumothorax, and bar displacement. These can lead to severe outcomes, 
emphasizing the need for caution and meticulous post- operative monitoring. 
Patients and their families should be well- informed about potential risks during 
the consent process.

Abstract
The objective of this study was to raise awareness among medical staff and sur-
geons about potential complications, particularly rare and life- threatening ones, 
associated with pectus excavatum (PE) surgery. PE is the most common chest 
wall deformity, characterized by sternal depression. Patients primarily seek 
treatment for cosmetic concerns, but some also report exercise intolerance and 
shortness of breath. Although surgical repair is the standard treatment, the in-
cidence and nature of severe complications remain unclear and underreported. 
This study presents a case of a lethal cardiac event following PE surgery and con-
ducts a systematic review of published case reports. This study describes a case of 
a lethal complication of ventricular fibrillation and cardiac arrest following the 
Ravitch procedure for correction of PE in a 10- year- old boy. A systematic review 
of relevant cases of PE surgery complications was conducted. Of the 506 initial re-
cords retrieved, 93 case reports from 83 articles were identified over the 23 years. 
Among them, 72 patients were male, and 20 cases were female. The average age 
of patients was 19.2 ± 7.7 years (range: 5–53). Complications had occurred up to 
37 years from the time of surgery, with most of the cases (22.5%) occurring during 
the operation. The most frequent complications included cardiothoracic issues 
and displacement of the implanted steel bar. In nine patients, complications led 
to fatal outcomes. Due to the possible risks of PE surgery, particularly in cosmeti-
cally motivated cases, surgeons must exercise extreme caution and remain vigi-
lant for rare and potentially life- threatening complications.
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1  |  BACKGROUND

Pectus excavatum (PE) is a common chest wall defor-
mity characterized by sternal depression. The incidence 
rate of PE is one in 200–1500 individuals, with males 
being more frequently affected than females (male- to- 
female ratio of 4:1).1 Patients with PE often present with 
cosmetic concerns due to their abnormal appearance, 
but some also experience exercise intolerance and short-
ness of breath. Although there is controversy regarding 
the cardiopulmonary limitations of this disease and the 
benefits of surgical repair, few reports have described 
fatal complications associated with the procedure. The 
prevalence and type of life- threatening complications 
related to the surgical repair of PE are unknown and 
underreported.2 Reported surgical complications in-
clude cardiac perforation, hemothorax, gastrointesti-
nal problems, and injuries to major vessels, the heart, 
lungs, liver, and diaphragm. Mortality may occur due 
to surgeon inexperience, the severity of the deformity, 
previous thoracic surgery, and surgical technique.3 In 
our center, approximately 15–20 PE surgeries are con-
ducted annually, with our team possessing over a decade 
of experience in these procedures. The most prevalent 
complication encountered is surgical site infection. 
Here, we reported a lethal cardiac event following the 
procedure in a 10- year- old boy and systematically re-
viewed the published case reports to raise awareness 
among surgeons about the risk of these life- threatening 
complications.

2  |  METHODS

We reported a case of serious complications associated 
with PE surgery. To gather all relevant cases, we conducted 
a systematic search of databases. This systematic review 
was prepared following the Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses (PRISMA) 
guidelines.

2.1 | Search strategies and 
information sources

We performed an electronic literature search for all 
case reports on serious complications associated with 

PE surgery. Two authors (G.R. and N.K.) independently 
searched the PubMed, Scopus, and Embase electronic da-
tabases to identify the potentially relevant articles.

All database searches were performed on August 2023. 
The search strategy, which was tailored to each database, 
comprised the following terms:

‘Funnel chest’ OR ‘chest, funnel’ OR ‘foveated chest’ 
OR ‘foveated thorax’ OR ‘funnel chest ‘OR ‘funnel thorax’ 
OR ‘pectus excavatum’ OR ‘thorax, foveated’ OR ‘thorax, 
funnel’.

AND
‘Surgery’ OR ‘operation’ OR ‘operation care’ OR ‘opera-

tive intervention’: OR ‘operative repair’ OR ‘operative res-
toration’ OR ‘operative surgery’ OR ‘operative treatment’ 
OR ‘research surgery’ OR ‘surgery’ OR ‘surgery, operative’ 
OR ‘surgical correction’ OR ‘surgical intervention’ OR 
‘surgical management’ OR ‘surgical operation’ OR ‘surgi-
cal practice’ OR ‘surgical procedures, operative’ OR ‘sur-
gical repair’ OR ‘surgical therapy’ OR ‘surgical treatment’.

AND
‘Mortality’ OR ‘mortality’ OR ‘mortality model’ OR 

‘complication’ OR ‘complication’ OR ‘complications’.
Additionally, articles were added by searching the 

references of identified reports and those from previous 
reviews to identify further relevant studies that may not 
have been recognized by our database searches.

2.2 | Eligibility criteria

To be included, the case report must contain the charac-
teristics of the patients, the surgical technique, the com-
plication related to PE surgery, the treatment, and the 
outcome of the complication.

We excluded poorly represented or incomplete cases 
and case reports written in languages other than English 
or French.

2.3 | Data extraction and 
quality assessment

The titles and abstracts of cases were reviewed, and 
those that satisfied the inclusion criteria were evaluated. 
Selected cases for data extraction were assessed by the 
two authors (G.R. & N.K.) with an agreement value (κ) 
of 95%; disagreements were settled by a third reviewer 
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(H.A.). They also evaluated the methodologies of the stud-
ies using the tool developed by Murad et al. for assessing 
the methodological quality of case reports and case series. 
The tool covers four domains, namely selection, ascertain-
ment, causality, and reporting, and includes eight ques-
tions to assist in determining the quality score. A study 
that meets all the domains is considered to be of ‘good 
quality’. If three out of the four domains are satisfied, the 
study is classified as ‘fair quality’. In cases where only two 
or one domain is met, the study is deemed to be of ‘poor 
quality’.4

2.4 | Summary measures and 
statistical analysis

Data analysis was conducted using Microsoft Office Excel 
version 2010 (Microsoft, Redmond, Washington, USA). 
The data are summarized descriptively according to the 
study design in Table 2.

2.5 | Case presentation

A 10- year- old boy (height: 146 cm, weight: 34 kg) was re-
ferred to our thoracic surgery clinic in July 2023 for evalu-
ation of a moderate PE, which was causing him significant 
psychosocial distress. A CT scan of the chest, performed 
at an outside facility, was not available. The chest X- ray of 
the patient is presented in Figure 1. The decision for surgi-
cal correction was based on the patient's clinical presenta-
tion and the anticipated improvements in his self- esteem 
and social functioning. The primary concerns of the pa-
tient and his family were cosmetic in nature. After a com-
prehensive discussion of the surgical risks, they elected to 
proceed with the surgical repair, providing their informed 
consent.

2.6 | Preoperative evaluations

The patient underwent a thorough preoperative evalua-
tion, including a six- minute walk test (405 meters), elec-
trocardiography (ECG), Doppler echocardiography, and 
spirometry. The six- minute walk test was within normal 
limits. The ECG showed normal sinus rhythm, and the 
Doppler echocardiography revealed no structural ab-
normalities. Spirometry indicated a restrictive pattern 
(FVC = 68%). Vital signs and laboratory data were within 
normal ranges (Table 1).

2.7 | Operative procedure

An experienced thoracic surgeon, specializing in the repair 
of congenital chest wall malformations, performed the 
Ravitch procedure. The surgery began with single- lumen 
intubation and arterial line monitoring. A mid- sternal in-
cision was made, and the third to seventh costal cartilages 
on both sides were found to have severe deformities. The 
cartilages were resected, while the perichondrium was pre-
served. A single bar was placed under the elevated sternum 
and fixed to the chest wall. As the pleura were opened, a 28 
French chest tube was inserted in the fifth right intercostal 
space. The surgery was uneventful, with no intraoperative 
complications. The heart and major vessels were intact, 
with no arrhythmia or cardiopulmonary dysfunction de-
tected. The patient's images before and after surgery are 
presented in Figure 2, and a post- operative chest X- ray of 
the patient is presented in Figure 3.

2.8 | Postoperative course

Following the surgery, the patient was extubated and 
transferred to the ICU. Approximately three hours after 

F I G U R E  1  Preoperative 
posteroanterior (PA) and lateral chest 
X- ray views.
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the procedure, the patient experienced sudden bradycar-
dia (45 beats per minute) and cardiac arrest. Immediate 
consultation with a cardiologist was requested, and ad-
vanced life support procedures were initiated, including 
airway management via endotracheal intubation, estab-
lishment of vascular access, and administration of epi-
nephrine (0.1 mg/kg or 3.5 mg) every three minutes.

After three to four minutes of continuous ECG moni-
toring, ventricular fibrillation (VF) was detected. Electric 
cardioversion was performed and repeated ten times due 
to persistent VF. Intravenous amiodarone (5 mg/kg), in-
travenous calcium gluconate (60 mg/kg), and sodium bi-
carbonate (1 mEq/kg) were administrated. The thoracic 

surgeon removed the bar to facilitate better chest compres-
sion. Echocardiography during the procedure revealed no 
sign of massive emboli. Despite continued cardiopulmo-
nary resuscitation for more than an hour, resuscitation 
efforts were unsuccessful, and the patient unfortunately 
passed away.

3  |  RESULTS

The initial records retrieved from databases totaled 506, 
out of which 479 were deemed eligible for further eval-
uation. In the final screening phase, 163 studies were 

Test (Unit) Value for the case Reference range

SBP/DBP 110/70 90–130/65–85

PR (beats/min) 80 60–100

RR (breaths/min) 15 12–16

Temperature (°C) 36.9 36.1–37.2

O2 saturation (%) 98% 95%–100%

BS (mg/dL) 90 80–200

WBC (103/μL) 4.1 4.5–11

Hemoglobin (g/dL) 12.3 12–15 (F), 14–17 (M)

Platelet (103/μL) 208 150–450

AST (U/L) 22 10–40

ALT (U/L) 20 7–56

ALP (U/L) 89 50–250 (for 9–13 years)

Urea (mg/dL) 22 15–40

Creatinine (mg/dL) 0.6 0.5–1.4

Sodium (mEq/L) 141 135–145

Potassium (mEq/L) 4.1 3.5–5.5

Magnesium (mg/dL) 1.8 1.8 to 2.6

PTT (seconds) 30 25–35

INR 1.01 0.8–1.2

Abbreviations: ALT, Alanine aminotransferase; ALP, Alkaline phosphatase; AST, Aspartate 
aminotransferase; ALP, Alkaline phosphatase; BS, blood sugar; DBP, Diastolic blood pressure; INR, 
International normalized ratio; PR, Pulse rate; PTT, Partial thromboplastin time; RR, Respiratory rate; 
SBP, Systolic blood pressure; WBC, White blood cell.

T A B L E  1  Laboratory data of patient 
at admission.

F I G U R E  2  Before (A) and after (B) 
surgery photos of the patient.
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acquired (Figure 4). Consequently, 93 case reports derived 
from 82 articles and our case were identified over a span of 
23 years, as summarized in Table 2.

Among these total 93 cases, 72 patients were male and 
20 cases were female. The gender of one patient was not 
disclosed. The average age of cases was 19.2 ± 7.7 years 
(range: 5–53). The time of occurrence of complications 

was up to 37 years from the time of surgery, with most of 
the cases (22.5%) occurring during the operation.

As presented in Table  2, the most common compli-
cations experienced were cardiothoracic complications, 
such as cardiac arrest, heart rhythm disturbances (e.g., 
ventricular tachycardia, ventricular fibrillation), pneumo-
thorax, pleural effusion, pericarditis, cardiac tamponade, 
cardiac perforation, penetrating lung injury, post- surgical 
site infection, and surgical wound dehiscence with hard-
ware exposure. Additionally, allergic reactions to metal, 
hemorrhage, and pulmonary embolism were observed. 
Displacement of the implanted steel bar was also com-
mon and could lead to complications like right ventricular 
outflow tract compression and thoracic outlet syndrome. 
Complications resulted in death in nine cases.

4  |  DISCUSSION

PE is a congenital deformity of the chest wall characterized 
by a depression of the sternum. It can be symmetric or asym-
metric and accounts for 90% of anterior chest wall deformi-
ties. PE is usually sporadic, with male predominance seen 
in one in every 400–1000 live births. About one- third of pa-
tients present in infancy, and after 12 years old, the deform-
ity worsens in one- third of adolescents.86 The etiology is not F I G U R E  3  Postoperative chest X- ray.

F I G U R E  4  PRISMA diagram.
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well understood but may involve abnormal rib and cartilage 
growth or muscular forces. Symptoms of PE include exer-
cise intolerance, shortness of breath, poor endurance, and 
chest pain.87 The PE severity index (Haller index) measures 
the depth of the defect by dividing the transverse diameter of 
the chest by the anterior–posterior distance on the CT scan 
of the chest on the axial image. A normal Haller index is two 
or less. Haller indexes between 2 and 3.2, 3.2 and 3.5, and 
3.5 or greater are considered mild, moderate, and severe, 
respectively.88 Surgical repair is recommended for patients 
with a Haller index greater than 3.25 or those with cardiac 
compression, abnormalities such as mitral valve prolapse, 
murmurs, conduction abnormalities, restrictive defects 
in pulmonary function tests, cosmetic issues, progressive 
symptoms over time, or failed previous repair. Surgery is 
typically performed between eight years of age and before 
the end of adolescence.89

4.1 | Surgical repair

The two most common PE surgical repair methods are 
open repair (Ravitch procedure) and minimally invasive 
repair with a placement of a metal bar (Nuss procedure). 
In Nuss surgery, a bar is inserted to lift the sternum, 
which is removed at least two years later. In the modified 
Ravitch procedure, open resection of the sub- pericondrial 
cartilage and sternal osteotomy with the insertion of a sta-
bilizing device are performed. A meta- analysis indicated 
no significant difference between the Nuss and Ravitch 
procedures in pediatric patients. However, for adult pa-
tients, the Ravitch procedure has been found to result in 
fewer complications.90

4.2 | Complications

Each surgical method has specific types of complications, 
but the overall frequency is similar for both procedures. 
The most common complications after the Nuss procedure 
are bar displacement, postoperative pain, pleural effu-
sion, pneumothorax, recurrence, and cardiac complica-
tions.91 The most common complications associated with 
the Ravitch procedure are secondary thoracic deformity, 
pneumothorax, and recurrence of PE. Complications may 
occur during the operation, immediately postoperatively, 
or as many years after the procedure.92

Most common complications associated with the 
Ravith procedure are secondary thoracic deformity, pneu-
mothorax, and recurrence of PE. Complications may 
occur during operation, immediately post- operation, or as 
many years after the procedure. Performing the Ravitch 
procedure is one of the best techniques for PE repair in 

pediatrics, adolescents, and adults. Although lethal com-
plications are rare, lung, heart, and major vessel injuries 
can occur.93

Cardiac arrest during the procedure is the most seri-
ous complication and is more related to cardiac injury 
caused by the metallic bar and surgical instruments. In 
addition, cardiac arrest may occur due to physical stimu-
lation of the heart with a surgical instrument and oppres-
sion of the right ventricular outflow.5 In previous studies, 
almost all related cardiac arrests were secondary to heart 
or major vessel injury; however, some cases of arrest have 
been reported without direct cardiac injury or cardiac ab-
normalities in perioperative studies.22 The mortality rate 
for PE surgery is generally low, and it is uncommon for 
patients to experience unexpected fatalities post- surgery. 
One possible explanation for cardiac complications could 
be the presence of an undiagnosed underlying cardiac 
condition that might have been aggravated by the surgical 
procedure. However, our patient had undergone an exten-
sive preoperative evaluation, and no cardiac irregularities 
were found. Two possible mechanisms are hypothesized: 
first, rotation of the heart by sternal elevation could twist 
the coronary to pulmonary arterial shunts and may result 
in a directional change of blood flow in the shunts and 
subsequently cause acute ischemia of myocardium and 
ventricular fibrillation; second, nerve stretching caused 
by sudden enlargement of the substernal space may un-
settle the balance between vagal and sympathetic innerva-
tions and trigger inhibition of cardiac function and lead to 
cardiac arrest.38 Our case underscores the significance of 
being vigilant during low- risk procedures, as unexpected 
outcomes can still occur. Surgeons must have a strategy in 
place to address complications effectively. Furthermore, 
this situation emphasizes the importance of thorough 
preoperative evaluation and informed consent. Patients 
should be made aware of all potential risks associated 
with surgery, even if they are considered low- risk, particu-
larly when it comes to cosmetic procedures.

4.3 | Management

Based on the type of complication and the team exper-
tise, the management of a specific complication should 
be decided, as summarized in Table  2. Advanced CPR 
is challenging for medical teams since the metallic bar 
placement makes chest compression more complicated. 
There are no specific guidelines for patients with a bar 
in their chest. Based on clinical recommendations, com-
pressions should increase substantially in force, and 
metallic bars should be removed. Determining the place 
for external defibrillation paddles, taking into account 
that some complications may occur with electrical 
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cardioversion, is also essential. It is recommended to 
place one anterior paddle on the sternal midline and one 
posterior paddle between the scapulae.71

Finally, the PE deformity fixation procedure needs an 
experienced surgery team and medical staff, including 
the intensive care unit (ICU) team. All the team mem-
bers should be trained for encountering and managing 
possible complications. In addition, the CPR maneuvers 
for these patients should be discussed preoperatively. The 
administration of anti- arrhythmic drugs should also be 
investigated.

5  |  CONCLUSION

Although life- threatening arrhythmia is an infrequent 
complication of pectus excavatum (PE) surgery, cardiac 
arrest can still occur in patients with no preoperative 
cardiac abnormalities and no cardiac injury during the 
fixation procedure. Consequently, it is imperative to stay 
vigilant regarding the potential complications of PE sur-
gery and to be adept at managing them appropriately.
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