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tracheomalacia after thyroidectomy.

Funding information Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A literature
None search was performed on PubMed, Web of Science, Cochrane library, and Elton B.
Stephens Co. cumulative index to nursing and allied health literature plus to
determine the incidence of tracheomalacia among patients undergoing thyroidec-
tomy up till October 2021. The eligibility was assessed by two independent authors.
A quality assessment of individual studies was performed using the National
Institute of Health quality assessment tool. Outcomes were double data extracted
and were analyzed using OpenMeta.

Results: The online search retrieved 214 papers, out of which 17 studies were
included that fulfilled the eligibility criteria. The number of patients included in the
systematic review who underwent thyroidectomy was 1108. The mean age was
55.8 £+ 7.7 years, ranging from 48 to 75 years. Tracheomalacia was reported in 146
patients (1.4%). Sternotomy was performed in 102 patients to approach the goiters
with retrosternal extension. The most common intervention to manage tracheoma-
lacia was tracheostomy or prolonged intubation.

Conclusions: Tracheomalacia is a rare complication. In cases where tracheomalacia is

encountered, common methods of management include tracheostomy or prolonged
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TRACHEOMALACIA POST THYROIDECTOMY
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INTRODUCTION

Tracheomalacia is defined as a dynamic collapse of cartilaginous
tracheal rings that are unable to maintain airway patency.'?
Tracheomalacia presents as an immediate airway compromise,
presenting as stridor after extubation in a patient who has undergone
thyroidectomy.® It is usually thought to arise from longstanding
compression of tracheal rings, leading to loss of integrity and cartilage
softening.*° It may also be part of the reduced blood supply to the
cartilaginous framework secondary to compression by an enlarged
thyroid gland.

The etiology of multinodular goiter is multifactorial. Multinodular
goiter develops commonly as a result of jodine deficiency.®” Other
factors such as smoking, age, and gender have also contributed to
goiter development.® The reported prevalence of goiter ranges from
4% to 7% in developed countries.” Goiter is almost exclusively treated
with surgical excision (thyroidectomy).2%1? Indications for thyroidec-
tomy are three Cs; Compressive symptoms, cancer, and cosmesis.
Goiter can lead to compressive symptoms such as dysphagia, dyspnea,
difficulty in lying flat, and a sensation of pressure in the neck.}? They
may also exhibit positive Pemberton's sign.13 This is due to
intermittent superior vena cava obstruction which is characterized
by facial flushing, distention of neck veins, and inspiratory stridor when
the patient is asked to raise their hands above head level.*®> Thyroid
nodules can be benign or malignant. When diagnosed or suspected on
fine needle aspiration cytology (FNAC) in a nodule, malignancy is a
definitive indication for thyroidectomy. In underdeveloped countries,
patients usually present late. An enlarged thyroid gland compresses
the trachea and may lead to tracheomalacia.>**"1” Patients who
present with retrosternal goiter also pose difficulty during intubation
due to tracheal compression’ and can lead to cardiopulmonary
complications postextubation.'®

There are various methods reported in the literature for the
management of tracheomalacia.?’ Tracheostomy is the gold standard
of care.*?° These patients are later decannulated following a careful
tracheostomy rehabilitation. Other methods include tracheopexy,
tracheal stenting, and positive pressure ventilation.?*?? Mild forms of
tracheomalacia are usually managed with conservative measures
such as prolonged intubation.?®> Noninvasive positive pressure
ventilation has also been shown to aid during this period.?"2”
Tracheomalacia, over time, improves, and no further intervention is
required.?” In case of a significant stridor right after extubation, a
tracheostomy is performed to maintain the airway.

Tracheomalacia is an infrequent complication of thyroid

surgery.® There is a conflicting argument in the literature as to

endotracheal intubation. Prospective, long-term studies are required to accurately
assess its true incidence and associated factors.

retrosternal goiter, stridor, thyroid surgery, thyroidectomy, total thyroidectomy, tracheomalacia

whether tracheomalacia after thyroidectomy exists. Some have
dubbed it a "myth" after presenting a large series of thyroidec-
tomy patients with or without retrosternal extension without any
case complicated with tracheomalacia.’?® On the contrary, there
are reports and a series of patients diagnosed and treated for
tracheomalacia after thyroidectomy.®>*?1%1? Our systematic
review aims to estimate the incidence of tracheomalacia in
patients undergoing thyroidectomy. We also aim to review the
management options considered for tracheomalacia.

METHODS

We conducted a systematic review according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines. A literature search was performed on PubMed, Web
of Science, Cochrane library, and Elton B. Stephens Co. cumulative
index to nursing and allied health literature plus to identify
tracheomalacia amongst patients undergoing thyroidectomy till
October 2021. We used the medical subject heading (MeSH) and

» o

keywords for “Tracheomalacia,” “Thyroidectomy,” “thyroid enlarge-

n o« n o«

ment,” “goiter,” “retrosternal goiter,” “sternotomy,” “tracheal com-
pression” in various combinations. We included all study types in the
English language only without any date restrictions. Furthermore, the
inclusion criteria were all adult patients with goiter requiring
thyroidectomy with postop tracheomalacia. Exclusion criteria were,
1. Any prophylactic procedure without confirming stridor 2. Case
reports, 3. Peadiatric age-group, 4. Bilateral recurrent laryngeal nerve

injury causing stridor.

Data extraction

Two authors (H. I. and S. K. G.) independently assessed the eligibility
using apriori eligibility criteria and performed data extraction. Any
discrepancies between the reviewers in either the decision of
inclusion or exclusion of studies or in data extraction were resolved
by a discussion aimed at reaching a consensus or contacting a third
reviewer (S. A. A). We extracted data on study ID, location,
participants (country, sample size, age, inclusion and exclusion
criteria), study design (retrospective chart review, case series, case
reports), intervention (thyroidectomy, thyroid lobectomy, sternot-
omy), outcomes (tracheomalacia, management). We also performed a
quality assessment of individual studies using the National Institute
of Health quality assessment tool.??
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Studies Estimate (95%Cl) Ev/Trt ‘
Netterville 1998 0.021 (0.000, 0.078) 0/23
AA. Abdel Rahim 1999 0.058 (0.013, 0.103) 6/103 0
Ajay Chauhan 2006 0.005 (0.000, 0.015) 1/199 —-—
A L Kadhim 2006 0.008 (0.000, 0.016) 4/505 —l—r
Amit Agarwal 2007 0.031 (0.020, 0.042)  28/900 | ——
ElHadi Mohamed EIBashier 2008  0.017 (0.009, 0.025)  16/964 —"—
Gregory W. Randolph 2011 0.002 (0.000, 0.009) 0/200 -
Shun-Yu Chi 2011 0.010 (0.002, 0.018) 6/606 +
J.M. Findlay 2011 0.001 (0.000, 0.006) 0/334 |
Amit agarwal 2012 0.056 (0.039, 0.072)  42/753 ; —
G.A. Dempsey 2013 0.025(0.000,0.093)  0/19 ;
Bo Gao 2013 0.083 (0.000, 0.240) 112 h
N. Gilfillan 2014 0.000 (0.000, 0.001) 2/4572 .
Andrea Polistena 2014 0.021 (0.015,0.028) 37/1721 +
Jesper Roed Sorensen 2017 0.008 (0.000, 0.028) 0/65 ——
Wai Keat Wong 2019 0.007 (0.000,0.026)  0/72 —.—
A Sulaiman 2021 0.075 (0.000, 0.157) 3/40
Overall (1>=88%, P<0.001) 0.014 (0.008, 0.020) 146/11088 ‘

L ; 1 1 1 1 ]

0 0.05 0.10 0.15 0.20 0.25

Proportion
FIGURE 1 Forest plot showing the proportion of patients having developed tracheomalacia post thyroidectomy.
Studies Estimate (95%Cl) Ev/Trt
Netterville 1998 0.021 (0.000, 0.078) 0/23 —-—-—
A.A. Abdel Rahim 1999 0.005 (0.000, 0.018) 0/103 =
Ajay Chauhan 2006 0.003 (0.000, 0.009) 0/199 =
A L Kadhim 2006 0.002 (0.000, 0.006) 1/505 -
Amit Agarwal 2007 0.001 (0.000, 0.002) 0/900 [ -
ElHadi Mohamed EIBashier 2008  0.005 (0.001, 0.010) 5/964 =
Gregory W. Randolph 2011 0.010 (0.000, 0.024) 2/200 -
Shun-Yu Chi 2011 0.001 (0.000, 0.003) 0/606 [El
J.M. Findlay 2011 0.012 (0.000, 0.024) 4/334 -
Amit agarwal 2012 0.023 (0.012, 0.033) 17/753 -
G.A. Dempsey 2013 0.025 (0.000, 0.093) 0/19 —-—-—
Bo Gao 2013 0.167 (0.000, 0.378) 2112 .
N.Gilfillan 2014 0.001 (0.000, 0.001) 3/4572 .
Andrea Polistena 2014 0.015(0.009, 0.020) 2511721 ]
Jesper Roed Sorensen 2017 0.008 (0.000, 0.028) 0/65 -—
Wai Keat Wong 2019 0.042 (0.000, 0.088) 3/72 —-—'—
A Sulaiman 2021 0.988 (0.954, 1.000)  40/40 —
Overall (12=99%, P<0.001) 0.060 (0.046, 0.074) 102/11088 0
L E 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0
Proportion

FIGURE 2 Forest plot showing the proportion of patients having undergone sternotomy concurrently with thyroidectomy.

Data analysis

Outcomes were double data extracted and were analyzed using
OpenMeta. The weights given for each study were based on the
inverse of the variance. Heterogeneity was quantified by x* and 12,

which can be interpreted as the percentage of the total variation
between studies that is attributable to heterogeneity rather than to
chance, a low p value (less than 0.1), or a large x? statistic relative to
its degree of freedom and I? values greater than 50% were taken as
substantial and high heterogeneity.
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RESULTS
c
S Eligible articles

e 8 g g

5 T g g 8 s Using the aforementioned key terms and eligibility criteria, the online

5 S3% 5 6 search retrieved 214 papers. After removing duplicates and further

- C C — fo

£ Fos F F screening, only 29 articles were assessed for full-text eligibility. After
excluding a further of 12 studies not fulfilling the eligibility criteria, a total
of 17 studies were included in the final evidence synthesis (Table 1).

5 Quantitative synthesis

% The included articles were published from 1998 till October 2021 from

TE“ multiple countries, such as the United States, Italy, China, Australia, and so

*% on. A total of 11,088 patients who underwent thyroidectomy were

2 3 b included. The mean age was 55.8+7.7 vyears, ranging from 48 to

< > > >
75 years. The articles were reported as retrospective reviews (n=9). In

_E addition, there were retrospective cohorts (n=2), prospective cohorts

wn

§ (n = 2), prospective descriptive studies (n = 1), prospective reviews (n = 1),

Qo

g longitudinal cohorts (n = 1), and a case series (n = 1).

L; The proportion of patients who had developed tracheomalacia was

% reported in 146 cases out of a total of 11,088 (1.4%) (Figure 1). The most

s 9 g & . . . . .

- > > > common intervention for managing tracheomalacia was either tracheos-
tomy or prolonged intubation (Table 1). Of a total of 11,088 patients who
had undergone thyroidectomy, 102 (0.6%) sternotomies were performed,
with the most common being total sternotomy (Figure 2). Other types of

5;5 sternotomies included substernal, cervico-sternotomy, median, transcer-

g vical, and midline sternotomy. Tracheomalacia patient characteristics

© .

§- 5 8§ B were shown in Table 2.

£ 8 8 8

» @ o Study quality/qualitative assessment
g g &

g s 3 8 The quality of the included articles was assessed independently by

",'3 3 3 8 two authors (S. A. and S. K. G.) using the quality assessment tool

— [S] o Q

= E E E developed by the National Heart Lung and Brain Institute (NHLBI).

5 Disagreements were resolved by a third author (H. I.). Studies were

g scored out of 8 and categorized as good quality (score 6-8), fair

. vt quality (score 4-5), and poor quality (score<4) (Table 3).

o

_ ]

[

(2] «—

K DISCUSSION

o R

< 2 . . . .
Post-thyroidectomy tracheomalacia (PTTM) is a relatively

@ B uncommon occurrence treated with or without an invasive

§ ,é s intervention.»?¥22 Our meta-analysis reports an incidence of
(9]
-%, g 3 S 8 % 1.4%, not making tracheomalacia a common complication follow-
S IC ing thyroid surgery.
= g g PTTM is a distinct entity with an increased likelihood of being
N 9 Eo = . demi . ion. Risk f includ .
ﬂ 52 5% r;s present in an endemic goiter region. Risk factors include goiter
=
: § % a y g size, more than 5 years duration, and retro-sternal extension.?®
¢ N
= e < = < The clinical diagnosis of tracheomalacia, includes fiberoptic




TRACHEOMALACIA POST THYROIDECTOMY

134

pooo

pooo)

poos

pooo

poos

pooS

pooo

pooo

pooo

pood

pooo

pooo

pooo

pooo)

pooo

292U3pING
JO [aA9

L
lejol

A

£paqliasap
[I9M synsai
3y} aIBM

V/N

V/N

V/N

V/N

V/N

V/N

V/N

V/N

V/N
paquasap
lIPM spoyiaw
[ednstyels
9y} 219\

d/N

4/N

4/N
d/N

4/N

d/N

d/N

4/N

d/N

d4/N

d/N

d/N

d4/N

;9jenbape
dn-moj|oy
Jo y3us|
9y} seM

A

¢sjuediped Apnys

|l sso1de Ajjuajsisuod
pajuswa|dwi pue
‘d|qel|a4 ‘pljeA ‘pauljap
A4e3|d sainseaw
3WO023N0 3y} I\

A
¢P3qudssp
Alespd
UolUaAIRUL
oy} seM

A

¢9|qesedwod
s3a3[qns
EINIEIEYYY

A

£9AIINI3SUOD
S95€2 3y} IS

A

¢uoniuysp

ased e 3uipnpul
‘paquiasap

Aliny pue

Ajres)d uonendod
Apms ay) sep\

A

ipajels

Alespd
aAIdR[qo
oy} seM

464102
‘ussualos

0sV10Z
‘eud}si|od

102
“Ue||IID

<:ET0T ‘0eD

g2€10¢C
‘AosdwiaQg

s1¢T0C
‘lemiedyy

1102
‘Aejputy

,.110C
‘YD NA

»e1T0T
‘ydjopuey

8002
Ja1yseq |3

»£00¢C
‘lemuedy

26900
‘wiypeyy

11900C
‘ueyneyd

16661
‘wiyey (9pqy

0s8661
EIEHEN

Jealk ‘Joyiny

ST

14’

€1
¢l

11

(0]

(1I9THN) 23n33su| uledg pue SunT JeaH [euoneN ayi Aq padojaAap |00} Juswssasse Ajjenb ayy Suisn sisoyjuAs aanedlend € 374dV.L



GHALOO ET AL

135

(Continued)

TABLE 3

Were the outcome
measures clearly

Was the study

population clearly

and fully

Were the

Was the

defined, valid, reliable,
and implemented

Was the

Was the

statistical Were the

length of

intervention
clearly

Were the

Were the cases subjects

consecutive?

described,

objective
clearly

Level of

results well

methods well
described?

C/D

follow-up
adequate?
N/R

consistently across all
study participants?

including a case
definition?

evidence

Total

described?
N/A

described?

comparable?

stated?

# Author, year

Fair

5

16 Wong,

2019°%8

Good

8

N/R

17 Sulaiman,

2021°%°

Abbreviations: CD, cannot determine; NA, not applicable; NR, not reported.

bronchoscopy (FOB) and confirming the presence of collapsing
trachea.®

Retro-sternal goiters are a recognized condition, usually treated
with thyroidectomy. The procedure has minimal surgical complica-
tions and incase of airway obstructions it can be managed by well-
trained anesthetists.”1112

Our systematic review reveals a few cases of tracheomalacia
even without retrosternal extension. This is a crucial finding as this
requires further studies to determine the exact cause of tracheoma-
lacia in these cases.

A study by Machado et al.¥” in 2011 reported several cases of
PTTM in goiters weighing more than 500 g. This supports a study by
Agarwal et al.* in 2007, which concluded that even in cases where
the goiter is benign, patients are more likely to develop
tracheomalacia.

On the contrary, Findlay et al.> reported no cases of PTTM,
even in high-risk patients with significant tracheal compression.
Furthermore, Shen and colleagues reported 60 patients with
retrosternal goiter in a retrospective study done in 2004. Of
them, 21 suffered tracheal compression to some extent; none
experienced PTTM.*°

Erbil and colleagues evaluated 170 cases of retrosternal goiter in
2004; 50 of these cases had either tracheal deviation, compression,
or both; however, none had PTTM.*! Only one retrospective analysis
showed an incidence of tracheomalacia. Out of 199 thyroidectomies
done for retrosternal goiter, 118 patients had some degree of
tracheal compression. However, only two cases of tracheomalacia
were reported.t?

Excluding tracheostomies and stenting, several new effective
techniques have emerged. Noninvasive positive pressure ventila-
tion is sufficient and seems safe in managing stridor and airway
compromise after early extubation in patients with PTTM.2426:27
Aortopexy is a popular surgical treatment for tracheomalacia in
many centers. The method offers an anterior elevation of the
aorta that is attached with sutures to the posterior wall of
sternum.*? This prevents the inwards collapse of the membra-

nous rear wall of the trachea during inspiration.*®

Strengths and limitations

Our review has several limitations. Even though we assessed a large
population of 11,088 patients, our results showed a significantly high
percentage of heterogeneity. This is attributed to the variation in the
study population, heterogeneity in defining tracheomalacia and, the
retrospective study designs of the included studies. Another limitation
was including studies in the English language only, which might lead to
under reporting of the incidence of tracheomalacia. Prospective, long-
term, multi institutional cohort studies would be able to address the
causes of tracheomalacia through regression analysis. Our review
however highlights the estimated proportion of tracheomalacia follow-
ing thyroidectomy. This number is close to 1%, making it an uncommon

complication/sequalae of thyroid hypertrophy.
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CONCLUSION

PTTM is a rare complication and hence unlikely to be seen in routine
thyroidectomies. In most cases, it is managed by tracheostomy or
prolonged endotracheal intubation. Novel research is being con-
ducted on the utility of different treatment modalities for tracheo-
malacia, such as noninvasive positive pressure ventilation and
aortopexy. Overall incidence remains low close to one percent

according to the published data.

AUTHOR CONTRIBUTIONS

Eligibility criteria: Shayan Ansari, Mriganka De, Syed Akbar Abbas.
Data extraction: Haissan Iftikhar, Shayan Khalid Ghaloo, Syed Akbar
Abbas. Quality assessment: Syed Shabbir Afzal, Shayan Khalid Ghaloo,
Haissan Iftikhar. Data analysis: Mriganka De, Haissan Iftikhar, Shayan
Ansari. Manuscript writing: Syed Shabbir Afzal, Shayan Khalid Ghaloo,
Haissan Iftikhar, Syed Akbar Abbas.

ACKNOWLEDGMENTS

The authors have nothing to report.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

Data will be provided upon request from the corresponding author.

ETHICS STATEMENT
The authors have nothing to report.

ORCID
Syed Shabbir Afzal
Haissan Iftikhar

http://orcid.org/0000-0002-0753-5492
http://orcid.org/0000-0003-3266-4015

REFERENCES

1. Mayilvaganan S, Agarwal A. Management of post-thyroidectomy
tracheomalacia. World J Endocr Surg. 2014;6:96-98.

2. Tripathi D, Kumari I. Tracheomalacia: a rare complication after
thyroidectomy. Indian J Anaesth. 2008;52:328.

3. Paul M, Kannaujia A, Chatterjee A, Mayilvaganan S. Serial fiber optic
bronchoscopy (FOB) to predict the need of tracheostomy in
tracheomalacia after thyroidectomy in long standing goiter. J Clin
Anesth. 2018;47:9-10.

4. Agarwal A, Mishra AK, Gupta SK, et al. High incidence of
tracheomalacia in longstanding goiters: experience from an endemic
goiter region. World J Surg. 2007;31:832-837.

5. Findlay JM, Sadler GP, Bridge H, Mihai R. Post-thyroidectomy
tracheomalacia: minimal risk despite significant tracheal compres-
sion. Br J Anaesth. 2011;106:903-906.

6. Day TA, Chu A, Hoang KG. Multinodular goiter. Otolaryngol Clin
North Am. 2003;36:35-54.

7. Hughes K, Eastman C. Goitre—causes, investigation and manage-
ment. Aust Fam Physician. 2012;41:572-576.

8. Larsen R, Kronenberg H. Williams Textbook of Endocrinology.
Elsevier; 2011.

9. Gilfillan N, Ball CM, Myles PS, Serpell J, Johnson WR, Paul E. A
cohort and database study of airway management in patients

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

undergoing thyroidectomy for retrosternal goitre. Anaesth Intensive
Care. 2014;42:700-708.

Allo MD, Thompson NW. Rationale for the operative management
of substernal goiters. Surgery. 1983;94:969-977.

Chauhan A, Serpell JW. Thyroidectomy is safe and effective for
retrosternal goitre. ANZ J Surg. 2006;76:238-242.

Serpell JW, Phan D. Safety of total thyroidectomy. ANZ J Surg.
2007;77:15-19.

Basaria S, Salvatori R. Pemberton's sign. N Engl J Med. 2004;350:
1338.

Bennett AMD, Hashmi SM, Premachandra DJ, Wright MM. The
myth of tracheomalacia and difficult intubation in cases of retro-
sternal goitre. J Laryngol Otol. 2004;118:778-780.

Agarwal A, Agarwal S, Tewari P, et al. Clinicopathological profile,
airway management, and outcome in huge multinodular goiters: an
institutional experience from an endemic goiter region. World J Surg.
2012;36:755-760.

Malhotra S, Sodhi V. Anaesthesia for thyroid and parathyroid
surgery. Continuing Educ Anaesth Critical Care Pain. 2007;7:55-58.
Machado NO. Thyroidectomy for massive goiter weighing more than
500 grams. technical difficulties, complications and management.
review. Surg Sci. 2011;02:278-284.

Tan PCS, Esa N. Anesthesia for massive retrosternal goiter with
severe intrathoracic tracheal narrowing: the challenges imposed -a
case report-. Korean J Anesthesiol. 2012;62:474-478.

Agaoglu N. Tracheopexy for tracheomalacia complicating a giant
multinodular goiter: a case report. Acta Chir Belg. 2007;107:460-
461.

De Toma G, Sgarzini G, Gabriele R, Campli M, Adami EA,
De Cesare E. Respiratory complications in compressive goiters.
G Chir. 1991;12:441-443.

Tsugawa C, Nishijima E, Muraji T, Yoshimura M, Tsubota N, Asano H. A
shape memory airway stent for tracheobronchomalacia in children: an
experimental and clinical study. J Pediatr Surg. 1997;32:50-53.
Frimpong-Boateng K, Aniteye E. Trachea stabilisation with autolo-
gous costal cartilage in acquired tracheomalacia: report of two cases.
East Afr Med J. 2001;78:330-331.

McHenry CR, Piotrowski JJ. Thyroidectomy in patients with marked
thyroid enlargement: airway management, morbidity, and outcome.
Am Surg. 1994;60:586-591.

Ferrer M, Sellarés J, Valencia M, et al. Non-invasive ventilation after
extubation in hypercapnic patients with chronic respiratory dis-
orders: randomised controlled trial. Lancet. 2009;374:1082-1088.
Maheshwari V, Paioli D, Rothaar R, Hill NS. Utilization of noninvasive
ventilation in acute care hospitals. Chest. 2006;129:1226-1233.
Demoule A, Girou E, Richard JC, Taillé S, Brochard L. Increased use
of noninvasive ventilation in French intensive care units. Intensive
Care Med. 2006;32:1747-1755.

Chi SY, Wu SC, Hsieh KC, Sheen-Chen SM, Chou FF. Noninvasive
positive pressure ventilation in the management of post-
thyroidectomy tracheomalacia. World J Surg. 2011;35:1977-1983.
Dempsey GA, Snell JA, Coathup R, Jones TM. Anaesthesia for
massive retrosternal thyroidectomy in a tertiary referral centre. Br
J Anaesth. 2013;111:594-599.

National Institute of Health Quality Assessment tool. Study quality
assessment tools. National Heart Lung and Blood Institute. n.d. https://
www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
Netterville JL, Coleman SC, Smith JC, et al. Management of
substernal goiter. The Laryngoscope. 1998;108(11):1611-1617.
Rahim AA, Ahmed ME, Hassan MA. Respiratory complications after
thyroidectomy and the need for tracheostomy in patients with a
large goitre. Br J Surg. 1999;86(1):88-90.

Kadhim AL, Sheahan P, Timon C. Management of life-threatening
airway obstruction caused by benign thyroid disease. J Laryngol Otol.
2006;120(12):1038-1041.


http://orcid.org/0000-0002-0753-5492
http://orcid.org/0000-0003-3266-4015
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

GHALOO ET AL

137

33.

34.

35.

36.

37.

38.

39.

40.

EIBashier EM, Widtalla ABH, Ahmed ME. Tracheostomy with
thyroidectomy: indications, management and outcome: a prospec-
tive study. Int J Surg. 2008;6(2):147-150.

Randolph GW, Shin JJ, Grillo HC, et al. The surgical management of
goiter: Part Il. Surgical treatment and results. The Laryngoscope.
2011;121(1):68-76.

Gao B, Jiang Y, Zhang X, et al. Surgical treatment of large substernal
thyroid goiter: analysis of 12 patients. Int J Clin Exp Med. 2013;6(7):
488.

Polistena A, Monacelli M, Lucchini R, et al. Surgical management of
mediastinal goiter in the elderly. Int J Surg. 2014;12:5148-S152.
Sorensen JR, Lauridsen JF, Dgssing H, et al. Thyroidectomy
improves tracheal anatomy and airflow in patients with nodular
goiter: a prospective cohort study. Eur Thyroid J. 2017;6(6):
307-314.

Wong WK, Shetty S, Morton RP, Mclvor NP, Zheng T. Management
of retrosternal goiter: retrospective study of 72 patients at two
secondary care centers. Auris Nasus Larynx. 2019;46(1):129-134.
Sulaiman A, Lutfi A, lkram M, et al. Tracheomalacia after thyroidec-
tomy for retrosternal goitres requiring sternotomy-a myth or
reality? Ann R Coll Surg Engl. 2021;103(7):504-507.

Shen WT. Predictors of airway complications after thyroidectomy
for substernal goiter. AArch Surg. 2004;139:656-659; discussion
659-660.

41.

42.

43.

Erbil Y, Bozbora A, Barbaros U, Ozarmagan S, Azezli A, Molvalilar S.
Surgical management of substernal goiters: clinical experience of
170 cases. Surg Today. 2004;34:732-736.

Filler RM, Messineo A, Vinograd I. Severe tracheomalacia associated
with esophageal atresia: results of surgical treatment. J Pediatr Surg.
1992;27:1136-1141.; discussion 1140-1141.

Torre M, Carlucci M, Speggiorin S, Elliott MJ. Aortopexy for the
treatment of tracheomalacia in children: review of the literature. Ital
J Pediatr. 2012;38:62.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Ghaloo SK, Afzal SS, Abbas SA, Ansari
S, De M, Iftikhar H. Tracheomalacia in patients undergoing
thyroid surgery—What is the true estimate: a systematic
review and meta-analysis. World J Otorhinolaryngol Head Neck
Surg. 2025;11:125-137. doi:10.1002/wj02.182


https://doi.org/10.1002/wjo2.182

	Tracheomalacia in patients undergoing thyroid surgery—What is the true estimate: A systematic review and meta-analysis
	INTRODUCTION
	METHODS
	Data extraction
	Data analysis

	RESULTS
	Eligible articles
	Quantitative synthesis
	Study quality/qualitative assessment

	DISCUSSION
	Strengths and limitations

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




