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Purpose: Surgery for pectus excavatum is associatedwith significant postoperative pain. The aimof this studywas
to summarize the current literature regarding postoperative pain control for pediatric patients undergoing min-
imally invasive repair of pectus excavatum (MIRPE).
Methods:A systematic search ofMedline, Embase, PubMed, CINAHL,Web of Science, and the Cochrane Library for
randomized controlled trials (RCT) comparing methods of pain control in pediatric patients undergoing MIRPE
was conducted. Studies were restricted to the English language.
Results:After screening 1304 references, 9 randomized control trials (RCTs) enrolling 485 patientswere included.
The average age was 11.9 years (±3.1). Pain scores were decreased with ropivacaine compared to bupivacaine-
based epidurals. In studies comparing ketamine to opioid based patient-controlled anesthesia (PCA) pumps, the
results were variable. Intercostal and paravertebral nerve blocks had decreased pain scores in 75% of the studies

compared to opioid-based PCA. Opioid consumptionwas decreased in 50% of the trials assessing ketamine-based
infusions and 75% of the studies comparing intercostal and paravertebral nerve blocks. Nausea was decreased in
several of the ketamine-based infusion and intercostal and paravertebral nerve block studies.
Conclusion: Ketamine-including infusions or paravertebral and intercostal nerve blocks may represent superior
methods of postoperative pain control for MIRPE. Further work is needed to confirm results.
Level of evidence: 2A [1].

© 2020 Published by Elsevier Inc.
Pectus excavatum (PE) is a chestwall deformity that is characterized
by a sunken appearance of the front of the chest. It is themost common
chest wall deformity seen in pediatric patients [2]. While this condition
is largely asymptomatic, many patients undergo corrective surgery dur-
ing adolescence for cosmetic and improved body image purposes.

Minimally invasive repair of pectus excavatum (MIRPE) was devel-
oped by Dr. Donald Nuss and involves the insertion of a curved metal
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bar under the sternum that aligns with the curvature of the deformity.
The bar is then flipped to correct the sternum and rib depressions [3].
Studies assessing the satisfaction and quality of life of patients who
have undergone MIRPE have found that patients are often very pleased
with results, reporting higher levels of self-esteem and increased exer-
cise tolerance [4–6].

One concern with MIRPE is the significant amount of postoperative
pain associated with this surgery owing to the constant pressure being
applied to the sternum by the bar and the subsequent repositioning of
the ribs [7]. This pain is often difficult to control and may lead to an
increase in both length of stay (LOS) and postoperative opioid con-
sumption. Increased opioid consumption can subsequently result in
adverse reactions including nausea, vomiting, constipation, and urinary
retention [8]. Despite these considerations, the optimal method of
postoperative pain control remains unknown. Prior studies in both
adults and pediatrics have utilized a variety of pain control methods in-
cluding epidurals, patient-controlled analgesia (PCA), and paravertebral
blocks [9–14]. These have included a range of medications, such as
ropivacaine, bupivacaine, fentanyl, and morphine [8,10,11,13]. The
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aim of this systematic reviewwas therefore to compare and summarize
the efficacy of postoperative pain control modalities for pediatric
patients undergoing minimally invasive repair of pectus excavatum
based on the available randomized control trials. Primarily, the aim
was to compare postoperative pain scores and postoperative opioid
requirements, and secondarily to compare lengths of stay, and
complications.

1. Methods

1.1. Study design

This study was a systematic review of postoperative pain control
methods for pediatric patients (0–17) undergoing MIRPE. The primary
outcome of interest was postoperative pain scale scores. Secondary
outcomes included opioid administration, analgesic complications,
such as nausea and vomiting, and LOS. This study was registered with
the International Prospective Register of Systematic Reviews (PROS-
PERO) on January 7, 2019 (#CRD42019118608).

1.2. Search strategy

A systematic search of Medline, Embase, PubMed, CINAHL, Web of
Science, and the Cochrane Library for randomized controlled trials
(RCT) comparing methods of postoperative pain control for pediatric
patients undergoingMIRPEwas conducted. The search strategywas de-
veloped in partnershipwith a research librarian andmodified according
to the database being queried. Medical Subject Headings (MeSH) were
used where applicable and included: Funnel Chest, Pain, Pain, Postoper-
ative, and Analgesia. Keywords utilized included: ‘pectus’, ‘pectus
excavatum’, ‘pectus repair’, ‘nuss bar*’, ‘postoperative analgesia’, and
‘pain control’. A hand search of the reference lists of included studies
was also conducted. No restrictions were placed on publication year,
but studies were restricted to those with full texts available in English.
A sample search strategy can be found in Appendix A.

1.3. Study selection

Studies were selected if they included patients less than 18 years of
age undergoing MIRPE, compared one or more postoperative pain con-
trol methods, and employed an RCT study design. Studies were ex-
cluded if they focused solely on adults or a mixture of pediatric
patients and adults. Title and abstract screening was completed inde-
pendently and in duplicate by two reviewers (AM, VA). Disagreements
were reviewed by a third independent reviewer (TR). Full-text screen-
ing was completed in the same manner.

1.4. Statistical analysis

The level of agreement between reviewers for title and abstract
screening was assessed with an unweighted kappa statistic. Owing to
the heterogeneous nature of included studies in terms of outcomes re-
ported and measurement methods used, we were unable to perform a
meta-analysis of included studies. Descriptive statistics were used to
summarize and compare study results. Studies were grouped based on
the postoperative pain modalities compared and then the results were
summarized. No further statistical analysis was possible at this point,
but the overall trends of the data were described in a qualitative
approach.

1.5. Risk of bias assessment

The risk of bias for included studies was conducted using the
Cochrane Risk of Bias (RoB) Tool for Randomized Controlled Trials
[15]. Scoring was performed independently and in duplicate by two re-
viewers (VA and TR). Conflicts were resolved by a third independent
Please cite this article as: V. Archer, T. Robinson, D. Kattail, et al., Postope
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reviewer (AM). The RoB tool has been widely used and assesses
whether individual RCTs have a low, high, or unclear risk of bias in
seven primary domains. This includes assessment of bias in reporting,
attrition, performance, detection, and selection.

2. Results

2.1. Search results

The systematic search strategy identified a total of 2361 citations.
After the removal of duplicates, 1304 studies were screened by title
and abstract. This initial screening removed 1257 irrelevant studies.
There was substantial agreement between the two reviewers during
screening by title and abstract (97% agreement, κ = 0.63). A total of
47 articles underwent full-text screening. Studies were excluded during
full-text screening owing to an incorrect study design (20), full text not
being available (8), duplication (5), incorrect population (3), and incor-
rect outcomemeasures (2). Nine studieswere included in thefinal anal-
ysis [16–24]. An overview of the process used to identify studies for
inclusion is depicted in Fig. 1.

2.2. Characteristics of included studies

Nine studies were included in this analysis. The average age of pa-
tients enrolled in the studies was 11.9 years (±3.12). The average age
of patients was decreased by studies included from China and Korea
[18,20–22], in which the average age of patients was younger, ranging
from 6.93 to 10.2 years old. The median number of patients enrolled
was 60. Two studies [18,21] assessed the use of ketamine-based
patient-controlled anesthesia (PCA) infusions compared to opioid-
based PCA infusions.

Four trials [16,19,20,22] studied the use of intercostal and
paravertebral nerve blocks compared to opioid-based PCAs. Two studies
[17,23] assessed the use of epidurals to conventional opioid PCA. One
study [24] compared ropivacaine to bupivacaine-based epidurals.
There was significant heterogeneity in the included trials in terms of
pain control modalities assessed, duration of follow up, the frequency
of outcome measurements, pain scales used, and availability of raw
data. A summary of included studies can be found in Table 2.

2.3. Pain scale scores and opioid consumption

There were two trials [18,21] that compared opioid PCA infusions to
PCA infusions using ketamine. Both demonstrated a statistically signifi-
cant decrease in the cumulative amount of PCA volume required post-
operatively for patients treated with ketamine. One [18] found this
difference at two time points postoperatively (24 and 48 h) and the
other [21] at 3 times (8, 24, and 48 h). One trial [18] showed a significant
decrease in pain scores at 6, 24, and 48 h postoperatively, while another
trial [21] found no difference in postoperative pain scores.

Four trials compared intercostal and paravertebral nerve blocks to
conventional opioid-based PCA [16,19,20,22]. Three trials [19,20,22]
showed a decrease in pain scores and opioid consumption in at least
one time point within 48 h postprocedure. The second [19] only noted
this decrease in opioid consumption until postoperative hour 6 and a
decrease in pain scores only until 3 h postoperatively. The third [20]
found pain scores to be significantly decreased only until 6 h postoper-
atively. They did however,findpostoperative opioid use to be decreased
in the intercostal nerve block group at 5 time points until 24 h (0, 3, 6,
12, and 24 h), after which point data recording ceased. The last trial
assessing paravertebral blocks [22] found pain scores to be decreased
for the first 48 h, atwhich pointmonitoring ended. Postoperative opioid
use was significantly higher for the control group in PACU and at post-
operative hour 24. The first trial [16] found no statistically significant
difference in postoperative hydromorphone requirements or pain
scores in the first 48 h.
rative pain control following minimally invasive correction of pectus
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Fig. 1. Study selection according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) format [25].
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Two studies [17,23] assessed differences between epidurals and
opioid-based PCA. Neither study demonstrated statistically significant
differences in postoperative pain. Neither study assessed postoperative
analgesic requirements.

In the trial comparing ropivacaine to bupivacaine epidurals [24],
pain scores for the ropivacaine group were similar, except at 24 h,
where pain scores were decreased in the ropivacaine group. There
were increased infusion rate and increased paracetamol in the
bupivacaine group. A summary of all outcomes can be found in Table 3.

2.4. Secondary outcomes

One trial [18] comparing ketamine to opioid PCA infusions demon-
strated a significant reduction in the vomiting in the ketamine group.
The other trial [21] found no difference. Neither study assessed LOS.

Of the four trials [16,19,20,22] that compared intercostal and
paravertebral nerve blocks to opioid PCA, one [19] found a significant
reduction in the incidence of vomiting in the nerve block group, and
the other trial [20] found no difference in the incidence of nausea and
vomiting. No significant differences in LOS were found in either study
in which it was assessed it [19,20].

Of the two trials [17,23] comparing epidurals to opioid-based PCA,
neither found a decrease in postoperative nausea and vomiting. One
trial [23] found no difference in LOS.

In the trial comparing ropivacaine and bupivacaine [24], there was
no difference in postoperative nausea and vomiting. LOS was not
assessed. A summary of results can be found in Table 3.
Please cite this article as: V. Archer, T. Robinson, D. Kattail, et al., Postope
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2.5. Risk of bias assessment

The Cochrane Risk of Bias assessment was completed. All studies
scored low or unclear risk for each category, except for two [17,23]
which were both high risk for a lack of blinding of participants and per-
sonnel. A summary of the assessment can be seen below in Table 1.

3. Discussion

Owing to limitations associated with this small data set, including
the overall quantity and quality of the literature available, it was not
possible to draw any firm conclusions regarding postoperative pain
management followingMIRPE procedures. Althoughnodefinite conclu-
sions or recommendations could be provided, this data set demon-
strates the need for continued research in this area and offers avenues
of potential future study.

This data set was unable to provide clear answers but has been in-
strumental in highlighting areas where future research should be di-
rected. The trials assessing the use of ketamine and intercostal and
paravertebral nerve blocks both yielded promising results in terms of
postoperative pain scores, postoperative analgesic requirements, and
to a lesser extent, postoperative nausea and vomiting. The only anomaly
in these subsets of data is Bryskin et al.’s [16] results, which in contrast
to the other studies showed no statistically significant difference in any
of the outcomemeasures. It is essential to include and consider outlying
data; however, this study had a much smaller sample size (10), which
may have contributed to the stark difference in results.
rative pain control following minimally invasive correction of pectus
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Table 1
Cochrane risk of bias assessment.

 

Sequence 
Generation 

Allocation 
Concealment 

Blinding of 
Participants 

and 
Personnel 

Blinding 
of 

Outcome 
Assessors 

Incomplete 
Outcome 

Data 

Selective 
Outcome 
Reporting 

Other 
Sources 
of Bias 

Bryskin Low Unclear Low Low Low Low Low 

Butkovic Unclear Unclear High Unclear Low Low Low 

Cha Low Unclear Low Low Low Low Low 

Lukosiene Unclear Low Low Low Low Low Low 

Luo Low Low Low Low Low Low Low 

Min Unclear Unclear Low Low Low Unclear Low 

Qi Low Unclear Unclear Low Low Low Low 

St. Peter Low Low High Low Low Low Low 

Walaszczyk Unclear Unclear Low Low Low Low Low 
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While the studies exploring ketaminewere promising, there are bar-
riers to its clinical application in a North American setting. The studies
which assessed ketamine based PCA were based in Korea; however,
the mode of ketamine delivery supported by expert consensus in
North America is low dose infusions rather than patient-controlled bo-
luses [26]. Given this difference in practice styles, it may be impractical
to attempt to treat patients with ketamine based PCA in North America.

The available literature does not adequately address many aspects
which are central to the recovery from aMIRPE. Variables such as post-
operative oxygen requirements, time to ambulation, and duration of
foley catheter use have not been studied. There are only limited data
available regarding postoperative nausea, vomiting, and constipation.
These variables all represent barriers to discharge for patients, and it is
therefore crucial to explore the ways in which various drug regimens
affect them.

While these studies ultimately had encouraging results, pain scores
and analgesic requirements were only measured for either 24 or 48 h,
except one [23] which included a follow up period of 96 h, and another
[24] which had an indeterminant follow up period which seemed to
range between 96 and 120 h. All of the trials included in this review
were affiliated with an anesthesiology department, and all of the pri-
mary authors were anesthesiologists, except one [23] in which the pri-
mary investigator was a surgeon. Although none of the authors
Table 2
Characteristics of RCTs Included.

Bryskin Butkovic Cha Lukosiene

Year 2016 2007 2012 2014

Sample Size 10 28 60 60

Age
Control 15.2 ± 1.5 14.54 (10–19) 10.2 ± 2.9 14.07 ± 2.66

Treatment 15.6 ± 1.1 14 (8–19) 9.9 ± 2.7 14.40 ± 2.66

% Male
Control 100% 71.4% 76.7% 83.3%

Treatment 80% 78.6% 83.3% 86.6%

Type of Postoperative Pain
Treatment Studied

Epidural Epidural
Ketamine
PCA Infusion

Intercostal
Nerve Block

Pain Scale
VAS Pain
Scale

VAS Pain Scale
VAS Pain
Scale

VAS Pain
Scale

Opioid Use Recorded Yes No Yes Yes

Secondary Outcomes
Assessed

None None
Nausea and
vomiting

Both

VAS: Visual Analog Scale.
FPS-R: Faces Pain Scale-Revised.
CHEOPS: Children's Hospital of Eastern Ontario Pain Scale.
FLACC: Face, legs, activity, cry, consolability scale.
NRS: Numeric Rating Scale.
PHHPS: Prince Henry Hospital Pain Score.
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provided a rationale for their short follow-up period, the lengths of
these follow-upwindowsmirror the typical time period inwhich an an-
esthesiologist clinically manages these patients. MIRPE is associated
with a prolonged and painful recovery, which extends well beyond
the perioperative period [7]. The current literature lacks a patient-
centric approach in that there is presently a lack of literature that inves-
tigates how to enhance the recovery in its entirety. Several of the studies
[18,19] showed statistically significant decreases in pain scores and
opioid use; however, they were only recorded in the first 3–6 h postop-
eratively. These results, while statistically significant, are unlikely to be
clinically significant. Studies following patients into the outpatient
recovery period are necessary. Given the prevalence and concerns for
opioid addiction, studying treatment regimens that will decrease the
amount of opioids prescribed at the time of discharge fromhospital rep-
resents an important area of research.

This systematic review was limited for several reasons, all of which
stem from the paucity and quality of data surrounding this topic.
There were a small number of studies included in this review. Postoper-
ative pain management followingMIRPE is an area which has a moder-
ate amount of literature; however, the existing literature is primarily
comprised of retrospective reviews [10–12,14]. Although there were
multiple retrospective reviews on this topic. The decision was made
not to include them in this review as they represent low level evidence.
Luo Min Qi St. Peter Walasszczyk

2017 2012 2014 2012 2018

62 44 30 110
81

8.6 (4–13) 8.4 ± 6.6 9.60 ± 4.72 13.7 ± 3.0 15.9 ± 1.6

8 (4–15) 7.3 ± 3.9 6.93 ± 4.86 15.5 ± 2.9
15.6 ± 1.9

55.8% 63.6% 86.7% 75.0%

53.6% 72.7% 93.3%
78.0%

Intercostal
Nerve Block

Ketamine
PCA Infusion

Paravertebral
Nerve

Epidural
Ropivacaine vs.
Bupivacaine Epidurals

FPS-R (CHEOPS)
VAS and
FLACC

VAS Pain
Scale

NRS and PHHPS

Yes Yes Yes No
No

Both
Nausea and
vomiting

None Both Nausea and vomiting
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Table 3
Primary and secondary outcomes reported as treatment vs. control reported, P values reported when available.

Epidural Ketamine Intercostal/Paravertebral Block Ropivacaine vs.
Bupivacaine
Epidural

Butkovic [17] St. Peter [23] Cha [18] Min[21] Bryskin [16] Lukosiene [19] Luo [20] Qi [22] Walasszczyk [24]

Primary Outcomes
Pain Scale ND

(p = 0.658)
ND
(p value not
provided)

Decreased (at
postop hours
6, 24, and 48,
p b 0.05)

ND
(p N 0.05)

ND
(p = 0.96)

Decreased
(at post op
hour 3,
p = 0.003)

Decreased (at
postop hours
0–6, p b 0.05)

Decreased
(at postop
hours 0–48,
p b 0.01)

Decreased
(at postop hour
24 p b 0.05)

Postoperative
Analgesia
Required

- - Decreased (at
postop hours
24 and 48,
p b 0.05)

Decreased (at
postop hours
8, 24, and 48,
p b 0.05)

ND
(p = 0.72, 0.37)

Decreased
(at postop
hours 0–6,
p b 0.01)

Decreased (at
postop hours
0, 3, 6, 12, and
24, p b 0.01)

Decreased
(at postop 0
and 24 h.
p b 0.01)

Decreased
(p b 0.01)

Secondary Outcomes
Postoperative
Nausea and
Vomiting

ND
(p value not
provided)

ND (p = 0.8) Decreased
(p b 0.05)

ND
(p value not
provided)

- Decreased
(p b 0.00001)

ND
(p = 0.228)

- ND
(p value not
provided)

Length of Stay - ND
(p = 0.13)

- - - ND
(p = 0.604)

ND
(p = 0.25)

-

ND = No statistically significant difference.
Bolded text = statistically significant difference.
- = variable not assessed.
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We cannot be certain that the choice to exclude non-RCTS did not affect
our results. However, the initial review of the literature was not felt to
be promising in terms of the quality of the non-RCTs and it was felt
that increasing the number of trials would be unlikely to meaningfully
affect the results of this review. Because of thismethodological decision,
this reviewhad a small sample size. Therewas also significant heteroge-
neity in the sample in terms of pain control modalities assessed, dura-
tion and frequency of outcome measurements, pain scales used, and
availability of raw data. Owing to this heterogeneity, it was not feasible
to perform any formal pooled analysis of the data. As previously
discussed, none of the studies included had a follow-up period long
enough to completely assess postoperative pain management. Owing
to these limitations, no clear consensus was able to be reached in
terms of postoperative pain management following MIRPE.

It is evident from this systematic review that more research is re-
quired, particularly more high-quality RCTs, in order to strengthen the
body of existing literature. Many patients who undergo a MIRPE are
sent home with opioids for postoperative pain management. Under-
standing which strategies reduce postoperative opioid use throughout
the entire recovery process would be an incredibly significant finding
and deserves careful study. Future research should also study and
compare analgesic protocols that may impact need for postoperative
oxygen, constipation, urinary retention and time to ambulation, all of
which are barriers to discharge from hospital.

3.1. Conclusion

The results of this systematic reviewwere unclear owing to a paucity
of data and the limited quality of these studies on this subject. The data
that are available suggest that PCA infusions including ketamine or
paravertebral/intercostal nerve blocks may represent superior postop-
erative pain control for pediatric patients undergoing a minimally inva-
sive repair of their pectus excavatum. More research is required in this
area to confirm these findings.

Appendix A. Search strategy (Medline)

1. Exp. Funnel Chest/
2. pectus.mp.
3. pectus excavatum.mp.
4. pectus surgery.mp.
5. pectus repair.mp.
Please cite this article as: V. Archer, T. Robinson, D. Kattail, et al., Postope
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6. nuss procedure.mp.
7. nuss bar*.mp.
8. nuss repair.mp.
9. nuss technique.mp.

10. nuss*.mp.
11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10
12. exp. Pain/
13. exp. Pain Management/
14. exp. Pain, Postoperative/
15. pain control.mp.
16. pain.mp.
17. pain management*.mp.
18. postoperative pain.mp.
19. exp. Analgesia/
20. ANALGESIA/ or analgesia.mp.
21. postoperative analgesia.mp.
22. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21
23. 11 and 22

mp = title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary word,
rare disease supplementary concept word, unique identifier.
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