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Background: Evaluate the effect of enhanced recovery after surgery (ERAS) protocol on postoperative
recovery quality of pectus excavatum patients with Nuss procedure.

Methods: A retrospective study was performed on patients undergoing Nuss procedure from the
Department of Thoracic Surgery of The Cancer Hospital of China Medical University between September
2016 and September 2019. Patients were divided into 2 groups by perioperative management: the traditional
procedure group (T group) and the ERAS strategy group (E group). The outcome measures were
postoperative drainage time, postoperative hospital time, and postoperative complications measured by the
Clavien-Dindo method.

Results: Of the 168 patients from this time period, 148 met the inclusion criteria (75 in Group T and 73 in
Group E). All operations involved in this study were completed successfully. There was no statistical difference
between the 2 groups with respect to baseline demographics (P>0.05). In Group E, postoperative drainage
time (2.53+0.72 vs. 3.45+2.07 days) and postoperative hospitalization time (4.96+1.48 vs. 7.71+7.78 days)
were statistically significantly better than those in Group T (P<0.05). There was no difference in overall
postoperative complications as measured by Clavien-Dindo score.

Conclusions: The measures of no indwelling urinary catheter IDUC), laryngeal mask anesthesia,
and indwelling tubule drainage can improve postoperative recovery quality of pectus excavatum patients

following Nuss procedure.
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Introduction

Pectus excavatum (PE) is the most common congenital
chest wall deformity and is characterized by depression of
the anterior chest wall and sternum (1,2). The cause of PE
is unclear, and the incidence is about 1/1,000-1/400 (3).
It can be cosmetically problematic for patients and result
in cardiopulmonary symptoms like exercise intolerance,

fatigue, dyspnea, and chest pain (4,5). Surgery is the only
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effective way to cure the disease. Since the introduction
of the minimally invasive repair of PE in 1998 by Nuss, it
has become generally adopted by pediatric and thoracic
surgeons as it entails less trauma, fewer postoperative
complications, and better cosmetic outcomes (6).

Enhanced recovery after surgery (ERAS) protocols have
been utilized in abdominal, urinary, and thoracic surgery in
order to provide optimal care in the perioperative period,
with the aim of shortening time to full recovery, and have
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been shown to be safe and effective (7-9). However, there
are few reports on the clinical application of ERAS in Nuss
surgery (10). In this study, the perioperative management
of patients with pectus excavatum was conducted by ERAS
strategy and traditional procedure to compare the effects
on clinical outcomes. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/jtd-20-1516).

Methods

After obtaining appropriate ethics approval from
the Liaoning Cancer Hospital Ethics Committee, a
retrospective study involving 168 patients with pectus
excavatum collected from the Department of Thoracic
Surgery of The Cancer Hospital of China Medical
University between September 2016 and September 2019
was performed. These patients were divided into 2 groups
by perioperative management: the traditional procedure
group (T group) and the ERAS strategy group (E group).
Basic demographics were obtained and included age,
gender, body mass index (BMI), Haller index, operative
time, postoperative drainage time, postoperative hospital
time, and postoperative complications. Operative time
was defined as the time between the beginning of the first
port incision to wound suture completion; postoperative
drainage time was defined as the time from the next day of
the operation to the day of chest drainage tube removal;
postoperative hospital time was defined as the time from the
next day of the operation to last day at the hospital.

Inclusion criteria

An operation was indicated if 2 or more of the following
criteria applied: chest computed tomography (CT) showed
cardiac and pulmonary compression or both and a CT index
of 3.25 or greater; cardiology evaluation demonstrated cardiac
compression, displacement, mitral valve prolapse, murmurs or
conduction abnormalities; pulmonary function study showed
restrictive and/or obstructive lung disease; previous repair had
failed; the thoracic deformity developed gradually; patients and
their family members suffered psychologically and needed to
correct the appearance (11). The main steps of the operation
were performed by the same surgeon.

Exclusion criteria

The exclusion criteria were as follows: patients with
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comorbidities and requiring thoracotomy; patients with
anterior chest wall severe asymmetry and depression; chest
CT showing a CT index <3.0 and mild depression patients
without related symptoms; complex patients with other
thoracic deformities; patients with severe scoliosis; patients
with Marfan syndrome and the skin or soft tissue infection
near the incision (12,13). Patients were also excluded if the
medical record was not complete.

Preoperative preparation

All patients were required to undergo routine preoperative
laboratory tests, chest DR, chest CT and, cardiopulmonary
function test. Once the cardiopulmonary function test
outcome was abnormal, relevant tests were required to
assess the surgical risk. The patients of ERAS group wore
diapers into the operating room on the day of operation.

Perioperative management measures

Perioperative management measures for the traditional
procedure group were as follows: patients were under
tracheal intubation anesthesia, and had an intraoperative
indwelling urinary catheter (IDUC) and indwelling
drainage of the right pleural cavity with a 28-F chest tube.
The measures for the ERAS strategy group were as follows:
patients were under laryngeal mask airway (LMA) for non-
endotracheal-intubated anesthesia, were wearing diapers
instead of having an intraoperative indwelling of catheter,
and had indwelling drainage of the right pleural cavity or
subcutaneous with a 15-F drainage.

Postoperative results criteria

The treatment outcome grading proposed by Croitoru
in 2005 was adopted for this study (14): excellent, if
preoperative symptoms were resolved and chest appearance
was normal; good, if preoperative symptoms were resolved
and chest appearance was improved; fair, if preoperative
symptoms were improved but the appearance was not
completely normal; and failed, if symptoms were worse
and chest appearance was not improved or if the deformity
reoccurred.

Postoperative complications

Postoperative complications can be divided into early
complications and late complications. The early complications
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Figure 1 Flow diagram of patient enrolment.

included pneumothorax, pleural effusion, and poor incision
healing. The late complications included plate displacement,
rejection, and pectus excavatum recurrence (15). In this study,
the collected postoperative complications were all those
that needed to be treated clinically, including pneumothorax
and pleural effusion requiring puncture or indwelling closed
drainage.

Clinical outcomes

The primary outcome measures were postoperative
drainage time and length of stay in days with the day of
operation recorded as day 0. Postoperative complications
measured by the Clavien-Dindo method were recorded as
secondary outcomes.

Statistical analysis

Statistics of the collected data are mainly represented by the
numbers and percentages, mean and standard deviations
(SD), or the median and interquartile range (IQR).
Continuous variables were depicted based on IQR and the
median or SD and mean. Wilcoxon’s rank-sum test was
used for ranked variables, and Two-sample Student’s 7-test
was used to compare the means of population between 2
different continuous variables. Chi-squared or Fisher’s exact
test was also used to evaluate categorical variables that had
statistically significant differences. All hypothesis tests were
two-sided, with a P value of <0.05 considered a statistically

© Journal of Thoracic Disease. All rights reserved.

significant difference.

Results

Between September 2016 and September 2019, there were
168 pectus excavatum patients. Of these, 5 were excluded
due to severe asymmetry and depression, 8 were excluded
due to having a Haller index <3.0, 1 was excluded due to
severe scoliosis, and 6 were excluded due to incomplete
medical records (Figure I). This left a total of 148 patients,
75 of whom underwent the traditional procedure (T group),
and 73 of whom underwent the ERAS strategy (E group).

All operations involved in this study were completed
successfully. None of patients in group E required
conversion to an endotracheal tube because of continuous
air leak. Postoperative follow-up was obtained after a
median of 36.6 months (range, 2-46 months). In Group T,
73 patients’ chest wall deformities were treated successtully,
and the satisfaction rate was 97%; in Group E, 72 patients’
chest wall deformities were treated successfully, and the
satisfaction rate was 99% (Figures 2,3).

Demographics and the clinical laboratory characteristics
are shown in Tible 1. There were 135 male and 13 female
patients. Patients ranged from 6 to 30 years (median,
15 years). No statistically significant correlations (P value
>0.05) were observed in the 2 groups between age, sex, BMI,
symmetric PE, exercise intolerance, dyspnea, chest pain, Haller
index, or number of postoperative complications. In group
E, the operative time (66.36£21.24 vs. 84.33+26.35 minutes),
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Figure 2 The deformity of the thorax was well corrected after operation. (A) The thoracic appearance of the patient before Nuss procedure;

(B) the thoracic appearance of the patient after Nuss procedure.

Figure 3 The chest wall was elevated after the operation. (A) The CT scan of the patient before Nuss procedure, while (B) the CT scan of

the patient after Nuss procedure.

postoperative drainage time (2.53+0.72 vs. 3.45+2.07 days),
and postoperative hospitalization time (4.96+1.48 vs.
7.71+7.78 days), were significantly better than those in
group T (P<0.05).

Postoperative complications of pectus excavatum are
available in Table 2. There were 16 cases (21.33%) with
minor postoperative complications in group T and 11
cases (15.07%) in Group E. There were no differences in
overall complications as measured by Clavien-Dindo score.
The early complications included pneumothorax, incision
malunion, pleural effusion, and temporary brachial plexus
paralysis. The pneumothorax patients were recovered after
indwelling drainage, patients with incision malunion were
recovered after regular incision dressing and adjustment of
the antibiotics, patients with pleural effusion were recovered
after the puncture, and patients with brachial plexus paralysis
were recovered after treatment of anti-inflammatory
symptoms and physical therapy. The long-term complications
mainly included steel plate shift, and all patients recovered
successfully after the second Nuss procedure.
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Discussion

Based on evidence-based medicine, ERAS optimizes the
clinical pathway of perioperative management through the
cooperation of multiple departments including surgery,
anesthesia, and nursing, so as to alleviate perioperative
stress response, shorten hospital stay, and promote patients’
recovery (16). The implementation of an ERAS-related
pathway can help improve the safety and satisfaction during
the perioperative period, shorten postoperative hospital
stay, and thus reduce medical costs (17,18). However, it
remains controversial as to whether the current ERAS
strategy can achieve good effects in children (19). Studies
have shown that the selection of one or more appropriate
ERAS measures can also benefit the postoperative recovery
of children without forcing the use of a complete set of
ERAS management plans (20). In this study, several ERAS
strategies were applied to group E during the perioperative
period, covering the preoperative, intraoperative, and
postoperative periods, with the patients in group E having
an orthopedic satisfaction rate of 99%, which is slightly
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Table 1 Baseline characteristics of patients and univariable analysis of surgery data
Variables All cases, N=148 Group T, N=75 Group E, N=73 P value
Age 15 [6-30] 15 [6-30] 16 [10-26] 0.302
Male:female 135:13 68:7 67:6 0.634
BMI 17.15+3.09 17.24+2.57 17.05+3.62 0.892
Symmetric PE 101 (68.24%) 50 (66.67%) 51 (69.86%) 0.546
Exercise intolerance 79 (563.38%) 41 (54.67%) 38 (52.05%) 0.751
Dyspnea 44 (29.73%) 24 (32.00%) 20 (27.40%) 0.542
Chest pain 34 (22.97%) 18 (24.00%) 16 (21.92%) 0.764
Haller index 3.99+1.30 4.14+1.47 3.83+0.94 0.204
Operative time (min) 75.47+28.85 84.33+26.35 66.36+21.24 0.001
Postoperative drainage time (days) 3.22+1.67 3.45+2.07 2.53+0.72 0.004
Postoperative hospital time (days) 6.72+6.34 7.71£7.78 4.96+1.48 0.018
Number of postoperative complications 27 (18.24%) 16 (21.33%) 11 (15.07%) 0.325
BMI, body mass index; PE, pectus excavatum.
Table 2 Postoperative complications of pectus excavatum
Complications Group T, N=75 Group E, N=73 P value
Incision malunion (Grade I) 4 (5.33%) 3 (4.11%) 0.727
Temporary brachial plexus paralysis (Grade ) 2 (2.67%) 0 0.162
Pneumothorax (Grade llla) 8 (10.67%) 6 (8.22%) 0.612
Pleural effusion (Grade llla) 1(1.33%) 1(1.37%) 0.985
Steel plate shift (Grade Illb) 2 (2.67%) 2 (2.74%) 0.978

higher than the 96% reported internationally (21).

The presence of an IDUC is routine following thoracic
resections, but Roberts (22) believed that no IDUC
following colectomy was associated with a reduction in
intravenous fluid (IVF) administration and length of stay.
In his study, patients were divided into cohorts based on the
presence or absence of an IDUC upon leaving the operating
theatre; fluid administration was lower in the group without
routine IDUC, while length of stay was lower in the “no
IDUC” group with no difference in morbidity and mortality.
The age of PE patients is relatively low, and intraoperative
IDUC could lead to obvious stimulation to the urethral
mucosa, which is more likely to cause postoperative urethral
pain or bleeding, and may also increase the burden of
patients’ activities. In the study, patients in group E wore
diapers into the operating room on the day of operation
and none of them needed postoperative IDUC due to
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dysuria, which avoided the urethral stimulation altogether,
as opposed to merely reducing it. Patients could take the
functional exercise as soon as possible which accelerated the
recovery and shortened the postoperative hospital time.

In this study, laryngeal mask anesthesia was used to
replace endotracheal intubation anesthesia in the group
E patients, and none of them required conversion to an
endotracheal tube. In the past, single-chamber endotracheal
intubation anesthesia was routinely used in Nuss surgery,
and low ventilator tidal volume was performed during the
operation (23). Liu et al. (24) reported that the general
anesthesia of laryngeal mask replacing a single lumen
tracheal tube did not increase the risk of anesthesia. Du
et al. (25) believed that the use of LMA for non-
endotracheal intubated anesthesia for selected patients with
PE undergoing thoracoscopic Nuss procedure is clinically
safe and technically feasible. In our study, patients in group
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E used laryngeal mask instead of endotracheal intubation.
All these cases were completed successfully, which reduced
the anesthesia time to some extent, significantly improved
postoperative laryngeal pain and other discomfort, improved
the satisfaction during perioperative period, shortened the
hospital time, and reduced the hospital cost.

The routine use of postoperative pleural cavity
drainage after the Nuss procedure is not widely accepted,
and its limited use depends on experience. Pawlak
et al. (26) reported their study of analyzing the influence
of pleural drainage in the Nuss procedure treatment of
103 patients with pectus excavatum on the prevention of
pneumothorax and the efficacy of using drainage after a
corrective operation from November 2013 to May 2015.
They found that patients without drainage manifested
more complications in the early postoperative period, and
pneumothorax requiring additional chest tube placement
was statistically significant with other complications also
being more frequent. They concluded that routine drainage
of the pleural cavity during the Nuss procedure significantly
reduces the incidence of postoperative pneumothorax and
should be considered as a routine procedure. In our study,
patients in group E had indwelling drainage of the right
pleural cavity or subcutaneously with a 15-F drainage tube
instead of in the right pleural cavity with a 28-F chest
tube. The incidence of postoperative pneumothorax and
pleural effusion in group E was decreased when compared
to group T but without statistical significance. In general,
drainage during the Nuss procedure is routine. We believe
that tubule drainage can alleviate pain and reduce pleural
exudation by limiting the pleural stimulation, thereby
decreasing the days of drainage and the hospital time, and
ultimately cutting hospital expenses.

Wharton er a4l. (10) protocol standardized perioperative
exercise and pharmacologic regimens, pre- and post-
operative education, and early return to activity, reported
that implementation of ERAS for the Nuss procedure leads
to a significant reduction in LOS, early pain scores, and
urinary catheter usage, without an increase in post-operative
ED visits and hospital readmissions, and believed an ERAS
protocol should be utilized in this patient population. Their
view is somewhat similar to that of this study, but there
are differences between the two studies. Firstly, there are a
considerable proportion of patients needed postoperative
IDUC in their study, and in our study, patients in group
E did not appear as postoperative IDUC due to dysuria.
Secondly, none of their interventions involved anesthesia,
but in our study, patients in group E used laryngeal mask
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instead of endotracheal intubation, which reduce the
anesthesia time, decrease the stimulation of airway and
discomfort.

In our study, the measures of no IDUC, laryngeal mask
anesthesia, and indwelling tubule drainage can benefit
the postoperative recovery of pectus excavatum patients.
The possible mechanism of these measures is to avoid or
decrease the stimulation and damage of relevant organs or
tissues caused by various clinical operations, so as to reduce
the stress response and discomfort of the body, reduce
the risk of postoperative complications, and achieve rapid
recovery.

Our results must be evaluated in the context of the
study’s limitations. Firstly, we acknowledged that this study
was limited by a relatively small population and patient
selection bias. Secondly, since the ERAS is optimized to
shorten postoperative time and promote patients’ recovery,
it needs the cooperation of multiple departments including
those of surgery, anesthesia, and nursing. Although our
studies have shown that the selection of 3 ERAS measures
can benefit the postoperative recovery of pectus excavatum
patients, the association between other ERAS measures and
these measures, and whether they would have an impact
on patients' postoperative recovery, are unclear. Thus, a
well-designed randomized control trial is needed to further
demonstrate the association of these measures and their
influence on postoperative recovery for patients with PE.

Conclusions

The measures of no IDUC, laryngeal mask anesthesia,
and indwelling tubule drainage can improve postoperative
recovery quality of pectus excavatum patients following
Nuss procedure. However, more high-level evidence-
based medicine research is needed for the improvement
and promotion of the ERAS pathway in pectus excavatum
patients.
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