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Abstract

Pectus excavatum is a congenital chest wall deformity, commonly identified in early childhood, creating a
“sunken chest” appearance. Over time, the deformity can worsen, thus impacting cardiopulmonary function
and creating significant body image disturbance in patients. The Nuss procedure is a minimally invasive
technique in which a curved steel bar is introduced underneath the sternum through small bilateral thoracic
incisions to correct the deformity. Most studies regarding the procedure to date focus on outcomes and
complications in pediatric patients, however, few studies discuss these results in adult patients. This
systematic review aims to analyze common complications and outcomes in patients over the age of 18 who
have not undergone any prior intervention for pectus excavatum. The most common complications
experienced in adult patients were displacement of the implanted steel bar, infection of the surgical site,
pneumothorax, pleural effusion, and chronic postoperative pain. Reoperation was common in patients with
a displacement of the bar, chronic pain, and bleeding. Additionally, adult patients routinely required a
higher number of steel bars to be placed to correct the deformity. Despite evidence that the rate of
complications increases with age, the majority of adult patients in our included studies were satisfied with
the outcome of the procedure with indications of improved self-image and reduced preoperative symptoms
such as dyspnea on exertion, palpitations, chest pain, and depression.

Categories: Cardiac/Thoracic/Vascular Surgery, Pediatric Surgery, Plastic Surgery
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Introduction And Background

Pectus excavatum (PE) is a congenital chest wall deformity in which the sternum is posteriorly depressed,
creating a caved-in appearance classically described as a “sunken chest.” PE is approximately five times
more likely to occur in male as compared to female patients. Though the exact cause of PE remains
unknown, disturbances in sternal growth and biomechanical factors inducing abnormal stress on
surrounding cartilage seem to play a role in pathogenesis. Additionally, PE is commonly associated with
heritable connective tissue disorders such as Marfan syndrome and Ehlers-Danlos syndrome [1-2].

PE is commonly identified in early childhood and many patients experience an increase in sternal
depression with age, prompting the need for surgical intervention. PE has traditionally been thought to be
primarily a cosmetic defect, however, many studies report gradually worsening cardiopulmonary defects in
PE patients, with significant improvement of symptoms after surgical repair, indicating the anatomic
abnormality as the potential root cause of problems. Common symptoms of PE include progressive fatigue
with mild exercise, chest pain, wheezing, dizziness, palpitations, and an inability to keep up with peers [1,3-
4).

Surgical repair of PE was first proposed by Ravitch in 1949 who employed an open technique that requires
bilateral resection of the involved costal cartilage to allow for a transverse wedge osteotomy of the sternum.
Opposite edges of the osteotomy are then rejoined, allowing for the sternum to rise and for stabilization
without any implants [5]. Minor modifications to the procedure have been made since its development, such
as the implantation of metal struts to provide additional stabilization in certain cases, however, the overall
procedure has remained essentially the same. A minimally invasive procedure was later introduced by Nuss
et al. in 1998 in which a curved steel bar is introduced underneath the sternum through small bilateral
thoracic incisions. The bar is then flipped to position it where the convexity faces anteriorly, thereby
correcting the PE deformity. A subsequent procedure is performed when the deformity is permanently
corrected, after approximately two years, in which the bar is removed [6]. Many modifications have been
made to the minimally invasive procedure described by Nuss such as the use of multiple bars, shorter bars,
forced sternal elevation, bilateral stabilizers, and bilateral thoracoscopy [7]. Major indications for the Nuss
procedure include the progression of cardiopulmonary symptoms, a Haller index > 3, and significant body
image disturbance [1].
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The magnetic mini-mover procedure (3MP) is a recently conceived, minimally invasive method to treat PE
still undergoing trials. In the procedure, a titanium-enclosed magnet is implanted into the sternum, and an
external brace housing another magnet is placed on the anterior chest. These magnets apply a gradual
outward force on the sternum, allowing for the correction of the PE deformity. In a trial of 15 adolescent
patients, despite eight patients being satisfied with the results, seven patients experienced fatigue fractures
of implanted titanium cables, bringing into question the efficacy of the procedure [8]. Though the purpose of
this method was to limit pain experienced by patients who would otherwise have undergone the Ravitch or
Nuss repair, advancements in pain management make the latter two better options for treating PE
deformities.

The majority of patients undergoing the Nuss procedure are under the age of 18, however, some patients may
show the development of symptoms and progression of the deformity at a later age, indicating the need for
surgery in adulthood. The majority of studies regarding the Nuss procedure to date focus on outcomes and
complications in pediatric populations of patients under the age of 18. However, few studies assessing the
efficacy of the Nuss procedure in adult populations exist, and it is our aim in this review to explore common
complications and outcomes in adult patients over the age of 18 who have not undergone any prior
intervention for PE. The majority of studies in adult patients suggest favorable results with reported
outcomes comparable to those in pediatric populations.

Review
Methods

A literature search for this systematic review was performed on PubMed starting on January 11, 2023. Our
search strategy was the following: (“Nuss”[Title/Abstract] AND “outcome”[Title/Abstract]),
(“Nuss”[Title/Abstract] AND “complication”[Title/Abstract]), (“Nuss”[Title/Abstract] AND
“failure”[Title/Abstract]), (“Nuss”[Title/Abstract] AND “adult”[Title/Abstract]), (“MIRPE”[Title/Abstract]
AND “outcome”[Title/Abstract]), (“MIRPE”[Title/Abstract] AND “complication”[Title/Abstract]),
(“MIRPE”[Title/Abstract] AND “failure”[Title/Abstract]), and (“MIRPE”[Title/Abstract] AND
“adult”[Title/Abstract)).

The exclusion criteria were the following: articles in a different language, case reports, articles detailing
surgical techniques, review articles, articles in which patients underwent prior surgical intervention for PE,
patient population less than 18 years old, patient population with less than or equal to 10 patients, articles
with incomplete data, and non-human studies. We included articles in which the Nuss procedure was
performed in adult patients over the age of 18 years and in which the outcomes and complications were
discussed [8-17].

This search yielded 403 studies out of which 81 duplicates were removed. Screening of the title and abstract
of the remaining 322 studies resulted in 276 being excluded due to irrelevance to the topic of outcomes and
complications in adult patients undergoing the Nuss procedure. A full-text assessment was done of 44
studies, out of which 34 were excluded based on our established exclusion criteria. The 10 remaining studies
were included in this systematic review. Figure ! illustrates our article selection process, according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, used in our
study. Identification of studies was done with the consensus of two authors and when an agreement could
not be reached, a third author was consulted.
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FIGURE 1: PRISMA diagram illustrating the article selection process

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

The following data were extracted from all 10 included articles: first author, article title, time range of the
study, study type, number of patients, gender of patients, age of patients, indications for surgery,
preoperative symptoms, Haller index, surgical technique, operation time, length of postoperative hospital
stay, number of bars used, and all postoperative and perioperative complications. Data were extracted by
two authors independently and differences were resolved through extensive discussion.

Results

A total of 1135 patients were included across the 10 studies in this systematic review, with 943 (83.1%) male
and 192 (16.9%) female patients. The age of all patients ranged from 18 to 72 years old with the majority of
patients being less than the age of 40 years (Table 7). Complications that occurred in five or more cases were
as follows: displacement of the implanted steel bar in 51 (4.5%) patients, infection of the surgical site in 33
(2.9%) patients, pneumothorax in 31 (2.7%) patients, pleural effusion in 28 (2.5%), and chronic pain in 25
(2.2%) patients. Reoperation was required in 27 (2.4%) patients for a variety of reasons including bleeding,
removal of the bar due to chronic pain, and displacement of the bar (Figure 2). Three patients required
conversion to a modified Ravitch procedure due to severe asymmetry of the chest, which could not be
corrected simply with a Nuss procedure. The number of steel bars used to correct the PE deformity was as
follows: one bar in 561 patients (49.4%), two bars in 436 patients (38.4%), three bars in 137 patients (12.1%),
and four bars in one patient (0.1%) (Table ).

2023 Akhtar et al. Cureus 15(2): €35204. DOI 10.7759/cureus.35204 3of7


https://assets.cureus.com/uploads/figure/file/559610/lightbox_53cc16f0aada11eda5f0eba05b533679-PRISMA-Figure-1-1-.png
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Author

de Loos et al.
(2021) [8]

Ersen et al.
(2016) [9]

Hebra et al.
(2006) [10]

Jaroszewski
et al. (2016)
[11]

Kim et al.
(2005) [12]

Loetal.
(2020) [13]

Muhammad
(2014) [14]

Sacco
Casamassima
etal. (2016)
[15]

Viggiano et al.
(2022) [16]

Wang et al.
(2021) [17]

Number of
Patients
(Male/Female)

55 (48/7)

236 (216/20)

30 (23/7)

266 (196/70)

12 (all male)

223 (193/30)

22 (18/4)

98 (73/15)

93 (85/8)

100 (79/21)

Agein Preoperative
Years  Haller Index
32*
(27-
38)t 3.6* (3-4.3)t
Range:
25-47
232

4.4 (3.3-11)
(18-45)
23 (18-

4.4
32)

33.18 5.71(2.5-

(18-72)  26.7)
27+

4.74£156
10.2

(39.7)
(20-52)
267  4.04
26.1 3.08
323+
7.9

42£17
(21.8-
55.1)
23*

5.1 (2.3-12.6)
(18-42)
2203 4.1

Length
Operation of
Time in Hospital
Minutes Stay in

Days
35" (30-

5* (4-6)
45)t

4.92 +
44.4 (25-

2.81(3-
90)

21)
60-120
minutes in

NR
60% of
cases
116.7 (60-

NR
224)
1273 + 10+ 8.5
44.9 (4-40)
81.9 6.4
69.5 8.64
62.9 +

36+12
249
45* (35-

7* (5-13)
95)
64.94 5.77

Number of
Bars

(Incidence)

1 bar (47),
2 bars (8)

1 bar (200),
2 bars (36)

1 bar (25),
2 bars (5)

1bar (1), 2
bars (148),
3 bars
(116), 4
bars (1)

1 bar (1), 2
bars (11)

1 bar (21),
2 bars
(181), 3
bars (21)

1 bar (all)

1 bar (88),
2 bars (10)

1 bar (69),
2 bars (24)

1 bar (87),
2 bars (13)

C I "

ions and Ot (Incidence)

Bar displacement (2), bar removal within three years due to
chronic pain (4), bar removal within one year due to unmentioned

reason (1), pneumonia (2), chronic pain without bar removal (4)

Bar displacement (12), cardiac injury (1), thoracic outlet
syndrome (1), wound infection (4), pneumonia (1),
sternotomy/thoracotomy (1), pneumothorax (7), pleural effusion

(2), prolonged pain (4), regression of PE after bar removal (1)

Seroma (3), bar displacement (2), pneumothorax (2), infection
(1), stabilizer bar fracture (1), conversion to modified Ravitch

repair (2)

Bar displacement (12), infections (3), pneumonia (6), ileus/severe
constipation (14), pleural effusion (12), pneumothorax (2),
pulmonary embolism (2), urinary tract infection (6), reoperation for
bleeding (3)

Pleural effusion (1), wound infection due to stabilizer (3), chest
pain > 6 months postoperation (6), bar displacement (4),

reoperation (6), conversion to Ravitch procedure (1)

Pneumonia (1), pleural effusion (4), bar displacement requiring
reoperation (9), wound infection (2), prolonged pain > 6 months

(1)

Pneumothorax (3), wound seroma (2), breakage of stabilizer (1)

Pneumothorax (11), pleural effusion (8), pneumonia (2),
hemothorax (2), pulmonary embolism (1), wound infection (10),
seroma (3), allergic reaction (2), reoperation (5), bar displacement
(4), prolonged chest pain requiring narcotics for > 8 weeks (12),

perioperative ventricular arrhythmia (1)

Seroma/hematoma (2), wound infection (2), hemothorax (1),

pneumothorax (4), bar displacement requiring reoperation (4)

Pneumothorax (2), pleural effusion (1), atelectasis (3), wound
infection (2), bar displacement (2), bar exposure due to delayed

wound healing (2)

TABLE 1: Selected study characteristics, complications, and outcomes

Age in Years, Preoperative Haller Index, Operation Time in Minutes, and Length of Hospital Stay are reported as “mean # standard deviation (range)”
when available unless otherwise noted

* = median; T = interquartile range; NR = not reported
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FIGURE 2: Complications occurring in five or more instances

* = reoperation due to bleeding, removal of the bar, or chronic pain

Of the 10 studies included in this review, five compared complications with patients in different age groups
[9-10,12-14]. In all five of these studies, patient age correlated with complication rate, as older patients
suffered more complications than their younger counterparts. de Loos et al. found that patients older than 24
years had significantly higher postoperative chronic pain and a higher use of two bars compared to patients
younger than 24 [9]. Ergen et al. found that in adults over the age of 18, there was a significantly higher rate
of complications, specifically displacement of the steel bar, compared to patients under 18 [10]. Jaroszewski
et al. compared outcomes in two cohorts of patients with one 18-29 years old and the other > 30 years old.
In addition to the Nuss procedure, 31.6% of patients also required open cartilage resection, sternal
osteotomy, or both, with this modification being more common among patients > 30 years old. Patients
requiring this modification within the > 30 years old group were older (47.8 + 13.1 years versus 39.5 = 7.8
years) and had a higher mean preoperative Haller index (7.7 5.6 versus 5.5 * 3.2) than patients who did not
require it. Additionally, patients >30 had significantly higher instances of pneumonia, urinary tract
infections, ileus, hospital readmissions, and bar displacement than those between 18 and 29 [12]. Kim et al.
found that patients older than 19 years had a significantly higher rate of bar displacement and wound
infection due to the stabilizer, both requiring reoperation, compared to patients younger than 19 [13]. Lo et
al. compared outcomes in three groups of patients ranging from 12-19 years, 19-30 years, and > 30 years.
Preoperative symptoms, including exertional dyspnea, chest pain, palpitations, significant chest deformity,
anxiety/depression, and valvular regurgitations, were significantly more common in patients > 30.
Additionally, patients > 30 had a significantly longer length of operation compared to the two other groups.
Peri- and postoperative complications were, however, more dependent on the preoperative Haller index
rather than patient age [14].

Discussion

There is significant debate regarding the use of the Nuss procedure to correct PE in adult patients since it is
commonly indicated for patients in the pediatric population. This review provides a compilation of
complications and outcomes of the Nuss procedure in adult patients without any prior intervention for PE.
The findings suggest that postoperative complications are more common in adults, with a higher incidence
in older adults compared to young adults. The most common complications observed in adult patients were
bar displacement, wound infection, pneumothorax, pleural effusion, reoperation, and chronic pain. Despite
complications being more common with increased age, nine of 10 articles included in this review
recommend the use of either a traditional or modified Nuss procedure to correct PE deformities in adult
patients [8-11,13-17]. Kim et al. reported significantly high rates of dissatisfaction in adult patients, mainly
due to a higher incidence of preoperative asymmetrical deformity, which increased the risk of complications.
The most common complication with asymmetrical deformities included a higher incidence of bar
displacement. Adults with symmetrical deformities, however, had risks of complications and outcomes
comparable to their pediatric and adolescent counterparts, highlighting the importance of appropriate
patient selection for the Nuss procedure [12].
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The original procedure described by Nuss utilized one bar in the majority of cases, with two being used in
situations requiring additional stabilization due to more severe deformities [6]. This technique has since
been slightly modified in some cases with the use of shorter and more bars, allowing for greater stabilization
without additional sutures, a reduced rate of bar displacement, and easier guidance through the chest using
only the surgeon’s fingertip [18]. Despite these modifications, bar displacement remains a major
postoperative complication which in many cases requires reoperation. The ideal candidates for the Nuss
procedure have traditionally been children and adolescents because their sternum is still very elastic,
allowing for a much easier sternal elevation without the need for multiple bars. Adult patients however have
a much larger and more rigid sternum, which places them at higher risk for complications, particularly bar
displacement and chronic pain, due to increased pressure placed on their chest with the placement of the
sternal bar [19]. Sa et al. found that a combination of forced sternal elevation and video-assisted
thoracoscopy during the placement of the bar resulted in lower incidences of bar displacement. Even with
this technique, age and a higher preoperative Haller index directly correlated with the severity of bar
displacement in addition to the overall rates of bar displacement [20]. Additionally, excessive sternal rigidity
in adults is also most likely why they commonly require multiple bars compared to pediatric patients, which
can explain their observed higher mean operating times and rate of postoperative infections. In our review,
138 (12.2%) patients had three or four bars implanted, with an increase in the number of bars being more
common amongst older patients.

In the three patients that required conversion to a modified Ravitch procedure due to severe asymmetry, it
was determined that a Nuss procedure would not suffice to correct the PE deformity [10,12]. In patients with
a severe deformity, an open technique, such as the modified Ravitch procedure, is preferred due to the ability
to fracture the sternum at various locations and resect the involved costal cartilage while preserving the
perichondrium, all based on the unique asymmetry of each patient. This allows for a higher degree of
correction, decreasing the risk of recurrent PE, yet at the cost of a longer operation time and a significantly
larger scar on the anterior chest [21]. Because many asymptomatic patients undergo surgical repair for PE
due solely to cosmetic reasons, it is vital to thoroughly assess each patient to determine appropriate
candidates for the Nuss procedure compared to other interventions, which may better suit the patient’s
needs [10]. If a patient decides to undergo correction of PE solely for cosmetic reasons, novel minimally
invasive options, such as custom-made silicone implants, exist to fulfill the patient's needs. This approach is,
however, risky and long-term results have not yet been assessed [22]. Proceeding with a Nuss procedure in a
patient with severe asymmetry may increase the risk for recurrent PE, requiring the need for further
reoperations, which may place the patient at an increased risk for peri- and postoperative complications.

There has been much debate regarding the negative impact of PE on cardiopulmonary function, however,
recent studies have provided growing evidence of an existing relationship. Giirkan et al demonstrated
significant improvement in right ventricular function parameters following the Nuss procedure.
Preoperatively, right ventricular compression was observed due to PE via Doppler echocardiography,
highlighting the impact of PE on cardiac function [23]. Many patients elect to undergo the Nuss procedure
due to cardiopulmonary deficits which are exacerbated during exercise, however, the impact of the Nuss
procedure on cardiopulmonary function has not been studied in as much detail in adults compared to
pediatric patients. Jaroszewski et al. found that in adult patients undergoing the Nuss procedure, significant
improvements in cardiopulmonary outcomes were seen, including increased maximum and predicted rate of
oxygen consumption, oxygen pulse, oxygen consumption at anaerobic threshold, and maximal ventilation
[3]. Neviere et al. similarly found that at the one-year follow-up of the Nuss procedure, adult patients had
sustained significant improvement in cardiopulmonary function observed during exercise. Specifically,
increased postoperative maximal oxygen uptake during exercise suggested that the Nuss procedure allowed
for better cardiovascular adaptation at maximal workload [24]. Growing evidence of cardiopulmonary
improvement following the Nuss procedure highlights both preoperative cardiopulmonary deficits due to PE
as well as the effectiveness of PE repair on cardiopulmonary outcomes.

Conclusions

In patients with no prior intervention for PE, the overall rate of complications is higher in adults compared
to children and adolescents undergoing the Nuss procedure, with bar displacement being the most common
complication. Additionally, within adult groups, older adults have a higher rate of complications compared
to young adults. Despite evidence that the rate of complications increases with age, the majority of adult
patients in our included studies were satisfied with the outcome of the procedure, with indications of
improved self-image and reduced preoperative symptoms such as dyspnea on exertion, palpitations, chest
pain, and depression. Unfortunately, few studies examining complications and long-term outcomes in adult
patients exist, making it difficult to derive firm conclusions regarding the success of the Nuss procedure in
adult patients.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have

2023 Akhtar et al. Cureus 15(2): €35204. DOI 10.7759/cureus.35204 60of 7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Jaroszewski D, Notrica D, McMahon L, Steidley DE, Deschamps C: Current management of pectus
excavatum: a review and update of therapy and treatment recommendations. ] Am Board Fam Med. 2010,
23:230-9. 10.3122/jabfm.2010.02.090234

Tocchioni F, Ghionzoli M, Messineo A, Romagnoli P: Pectus excavatum and heritable disorders of the
connective tissue. Pediatr Rep. 2013, 5:e15. 10.4081/pr.2013.e15

Jaroszewski DE, Farina JM, Gotway MB, et al.: Cardiopulmonary outcomes after the Nuss procedure in
pectus excavatum. ] Am Heart Assoc. 2022, 11:e022149. 10.1161/JAHA.121.022149

Chao CJ, Jaroszewski DE, Kumar PN, et al.: Surgical repair of pectus excavatum relieves right heart chamber
compression and improves cardiac output in adult patients--an intraoperative transesophageal
echocardiographic study. Am J Surg. 2015, 210:1118-24; discussion 1124-5. 10.1016/j.amjsurg.2015.07.006
Ravitch MM: The operative treatment of pectus excavatum . Ann Surg. 1949, 129:429-44. 10.1097/00000658-
194904000-00002

Nuss D, Kelly RE, Croitoru DP, Katz ME: A 10-year review of a minimally invasive technique for the
correction of pectus excavatum. ] Pediatr Surg. 1998, 33:545-52. 10.1016/50022-3468(98)90314-1

Ewais MM, Chaparala S, Uhl R, Jaroszewski DE: Outcomes in adult pectus excavatum patients undergoing
Nuss repair. Patient Relat Outcome Meas. 2018, 9:65-90. 10.2147/PROM.S117771

de Loos ER, Pennings AJ, van Roozendaal LM, et al.: Nuss procedure for pectus excavatum: a comparison of
complications between young and adult patients. Ann Thorac Surg. 2021, 112:905-11.
10.1016/j.athoracsur.2020.10.017

Ersen E, Demirkaya A, Kili¢ B, et al.: Minimally invasive repair of pectus excavatum (MIRPE) in adults: is it a
proper choice?. Wideochir Inne Tech Maloinwazyjne. 2016, 11:98-104. 10.5114/wiitm.2016.60456

Hebra A, Jacobs JP, Feliz A, Arenas ], Moore CB, Larson S: Minimally invasive repair of pectus excavatum in
adult patients. Am Surg. 2006, 72:837-42. 10.1177/000313480607200915

Jaroszewski DE, Ewais MM, Chao CJ, et al.: Success of minimally invasive pectus excavatum procedures
(modified Nuss) in adult patients (>30 years). Ann Thorac Surg. 2016, 102:993-1003.
10.1016/j.athoracsur.2016.03.105

Kim DH, Hwang J], Lee MK, Lee DY, Paik HC: Analysis of the Nuss procedure for pectus excavatum in
different age groups. Ann Thorac Surg. 2005, 80:1073-7. 10.1016/j.athoracsur.2005.03.070

Lo PC, Tzeng IS, Hsieh MS, Yang MC, Wei BC, Cheng YL: The Nuss procedure for pectus excavatum: an
effective and safe approach using bilateral thoracoscopy and a selective approach to use multiple bars in 296
adolescent and adult patients. PLoS One. 2020, 15:€0233547. 10.1371/journal.pone.0233547

Muhammad MI: Thoracoscopic repair of pectus excavatum using different bar stabilizers versus open repair .
Asian Cardiovasc Thorac Ann. 2014, 22:187-92. 10.1177/0218492313487180

Sacco Casamassima MG, Gause C, Goldstein SD, et al.: Patient satisfaction after minimally invasive repair of
pectus excavatum in adults: long-term results of Nuss procedure in adults. Ann Thorac Surg. 2016,
101:1338-45. 10.1016/j.athoracsur.2015.09.102

Viggiano D, Bongiolatti S, Borgianni S, Lo Piccolo R, Voltolini L, Gonfiotti A: Nuss technique for pectus
excavatum in adult patients: cosmetic satisfaction and improvement of quality of life in a single-center
experience. Front Surg. 2022, 9:903791. 10.3389/fsurg.2022.903791

WangL, LiuJ, Li Y, et al.: Modified Nuss operation using introducer-bar complex for pectus excavatum in
adults: a retrospective study. ] Cardiothorac Surg. 2021, 16:267. 10.1186/s13019-021-01624-6

Pilegaard HK: Short Nuss bar procedure. Ann Cardiothorac Surg. 2016, 5:513-8. 10.21037/acs.2016.09.06
Hebra A: Minimally invasive repair of pectus excavatum . Semin Thorac Cardiovasc Surg. 2009, 21:76-84.
10.1053/j.semtcvs.2009.04.005

Sa Y], Lee ], Jeong JY, Choi M, Park SS, Sim SB, Jo KH: A clinical decision-making model for repeat surgical
treatment of pectus bar displacement: distance measurement after Nuss procedure. ] Cardiothorac Surg.
2016, 11:16. 10.1186/513019-016-0415-1

Fonkalsrud EW, DeUgarte D, Choi E: Repair of pectus excavatum and carinatum deformities in 116 adults .
Ann Surg. 2002, 236:304-12; discussion 312-4. 10.1097/00000658-200209000-00007

Chavoin JP, Grolleau JL, Moreno B, et al.: Correction of pectus excavatum by custom-made silicone
implants: contribution of computer-aided design reconstruction. A 20-year experience and 401 cases. Plast
Reconstr Surg. 2016, 137:860e-71e. 10.1097/PRS.000000000000207 1

Giirkan U, Aydemir B, Aksoy S, et al.: Echocardiographic assessment of right ventricular function before and
after surgery in patients with pectus excavatum and right ventricular compression. Thorac Cardiovasc Surg.
2014, 62:231-5. 10.1055/5-0033-1342941

Neviere R, Montaigne D, Benhamed L, Catto M, Edme JL, Matran R, Wurtz A: Cardiopulmonary response
following surgical repair of pectus excavatum in adult patients. Eur ] Cardiothorac Surg. 2011, 40:e77-82.
10.1016/j.ejcts.2011.03.045

2023 Akhtar et al. Cureus 15(2): €35204. DOI 10.7759/cureus.35204

7of7


https://dx.doi.org/10.3122/jabfm.2010.02.090234?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3122/jabfm.2010.02.090234?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4081/pr.2013.e15?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4081/pr.2013.e15?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.121.022149?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.121.022149?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjsurg.2015.07.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjsurg.2015.07.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00000658-194904000-00002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00000658-194904000-00002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0022-3468(98)90314-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0022-3468(98)90314-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/PROM.S117771?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/PROM.S117771?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2020.10.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2020.10.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5114/wiitm.2016.60456?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5114/wiitm.2016.60456?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/000313480607200915?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/000313480607200915?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2016.03.105?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2016.03.105?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2005.03.070?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2005.03.070?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0233547?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0233547?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0218492313487180?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0218492313487180?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2015.09.102?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.athoracsur.2015.09.102?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fsurg.2022.903791?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fsurg.2022.903791?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13019-021-01624-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13019-021-01624-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/acs.2016.09.06?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/acs.2016.09.06?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.semtcvs.2009.04.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.semtcvs.2009.04.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13019-016-0415-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13019-016-0415-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00000658-200209000-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00000658-200209000-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/PRS.0000000000002071?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/PRS.0000000000002071?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0033-1342941?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0033-1342941?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejcts.2011.03.045?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejcts.2011.03.045?utm_medium=email&utm_source=transaction

	Complications and Outcomes of the Nuss Procedure in Adult Patients: A Systematic Review
	Abstract
	Introduction And Background
	Review
	Methods
	FIGURE 1: PRISMA diagram illustrating the article selection process

	Results
	TABLE 1: Selected study characteristics, complications, and outcomes
	FIGURE 2: Complications occurring in five or more instances

	Discussion

	Conclusions
	Additional Information
	Disclosures

	References


