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IMPORTANCE Patients undergoing tracheal resection commonly experience dysphagia
postoperatively, and the patient factors that predict severity and duration of symptoms are
currently unclear.

OBJECTIVE To determine the association of patient and surgical factors on postoperative
dysphagia in adult patients undergoing tracheal resection.

DESIGN, SETTING, AND PARTICIPANTS This was a retrospective cohort study of patients
undergoing tracheal resection at 2 tertiary academic centers from February 2014 to May
2021. The centers included LAC+USC (Los Angeles County + University of Southern California)
Medical Center and Keck Hospital of USC, both tertiary care academic institutions. Patients
involved in the study underwent a tracheal or cricotracheal resection.

EXPOSURES Tracheal or cricotracheal resection.

MAIN OUTCOMES AND MEASURES The main outcome was dysphagia symptoms as measured
by the functional oral intake scale (FOIS) on postoperative days (PODs) 3, 5, and 7, on the day
of discharge, and at the 1-month follow-up visit. Demographics, medical comorbidities, and
surgical factors were evaluated for association with FOIS scores at each time period using
Kendall rank correlation and Cliff delta.

RESULTS The study cohort consisted of 54 patients, with a mean (SD) age of 47 (15.7) years
old, of whom 34 (63%) were male. Length of resection segment ranged from 2 to 6 cm, with
a mean (SD) length of 3.8 (1.2) cm. The median (range) FOIS score was 4 (1-7) on PODs 3, 5, 7.
On the day of discharge and at 1-month postoperative follow-up, the median (range) FOIS
score was 5 (1-7) and 7 (1-7), respectively. Increasing patient age was moderately associated
with decreasing FOIS scores at all measured time points (τ = −0.33; 95% CI, −0.51 to −0.15 on
POD 3; τ = −0.38; 95% CI, −0.55 to −0.21 on POD 5; τ = −0.33; 95% CI, −0.58 to −0.08 on
POD 7; τ = −0.22; 95% CI, −0.42 to −0.01 on day of discharge; and τ = −0.31; 95% CI, −0.53 to
−0.09 at 1-month follow-up visit). History of neurological disease, including traumatic brain
injury and intraoperative hyoid release, was not associated with FOIS score at any of the
measured time points (δ = 0.03; 95% CI, −0.31 to 0.36 on POD 3; δ = 0.11; 95% CI, −0.28 to
0.47 on POD 5, δ = 0.3; 95% CI, −0.25 to 0.70 on POD 7; δ = 0.15; 95% CI, −0.24 to 0.51 on
the day of discharge, and δ = 0.27; 95% CI, −0.05 to 0.53 at follow-up). Resection length was
also not correlated with FOIS score with τ ranging from −0.04 to −0.23.

CONCLUSIONS AND RELEVANCE In this retrospective cohort study, most patients undergoing
tracheal or cricotracheal resection experienced full resolution of dysphagia symptoms within
the initial follow-up period. During preoperative patient selection and counseling, physicians
should consider that older adult patients will experience greater severity of dysphagia
throughout their postoperative course and delayed resolution of symptoms.
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L aryngotracheal stenosis is a narrowing of the upper air-
way in the larynx, subglottis, or trachea, most com-
monly caused by idiopathic or traumatic causes. Air-

way trauma includes prolonged intubation and postintubation
and posttracheostomy-related injury,1 with a reported rate of
stenosis in these patients ranging from 10% to 22%.2,3 Other
causes include neoplastic compression or invasion, and auto-
immune disorders.4 Treatment of laryngotracheal stenosis can
involve endoscopic treatment with lysis of the stenosis and bal-
loon dilation with various adjuvant medications or treat-
ment. Stenosis which involves the cartilage with external col-
lapse, existing tracheostomy, or failure of endoscopic
management may require airway resection procedures such
as tracheal or cricotracheal resection.5-7

As these open resection procedures involve disruption of
the normal musculature and cartilaginous framework of the
larynx and trachea, the nearby structures involved with swal-
lowing can be affected, leading to dysphagia and an in-
creased risk of aspiration encountered in the postoperative
period.8,9 Longitudinal pharyngeal muscles help to expand and
constrict the pharynx during swallowing and can be dis-
rupted during airway resection, as well as pharyngeal con-
strictors. Other potentially affected muscles include suprahy-
oid muscles including the digastric, geniohyoid, stylohyoid,
and mylohyoid, which are involved in elevating the hyoid dur-
ing swallowing, as well as opposing infrahyoid muscles such
as the omohyoid, sternohyoid and thyrohyoid, functioning to
depress the hyoid. Intraoperative laryngeal release tech-
niques often involve sectioning of the suprahyoid and infra-
hyoid muscles discussed previously and are sometimes nec-
essary to allow a tension-free anastomosis and have been
previously described to have an effect on dysphagia.10 Re-
cently, studies have begun to investigate swallowing func-
tion as a primary outcome after open airway resection. Lennon
et al11 described a series of 38 patients undergoing airway re-
construction procedures (25 patients undergoing tracheal or
cricotracheal resection) and found that patients requiring tem-
porary airway stent placement had a significantly longer du-
ration of dysphagia symptoms compared with those without
stents. While the effects of certain surgical factors on dyspha-
gia following airway resection have been studied, there re-
mains a lack of information on the individual patient factors
that may predispose to postoperative dysphagia symptoms.12,13

Understanding the predictive patient factors for dysphagia is
critical to guide appropriate patient selection and adequate
counseling of patients on the risks and anticipated recovery
following airway resection procedures.

The aim of the present study is to evaluate the outcomes
of open airway resection on swallowing function in the post-
operative period, and to identify patient and surgical factors
that may be associated with the development of dysphagia fol-
lowing tracheal or cricotracheal resection in adult patients.

Methods
This retrospective cohort study was approved by the Univer-
sity of Southern California institutional review board.

Informed consent was waived because all data were deiden-
tified. A retrospective review of electronic medical records was
conducted on consecutive patients who underwent tracheal
or cricotracheal resection with subsequent end-to-end anas-
tomosis at LAC+USC (Los Angeles County + University of South-
ern California) Medical Center and Keck Hospital of USC be-
tween February 2014 and May 2021.

Study Population
During the time period specified, all patients who underwent
tracheal or cricotracheal resection with end-to-end anasto-
mosis during the study period were eligible for inclusion in the
study. Patients with tracheostomy at the time of surgery, as well
as patients with stenosis of malignant origin, were eligible for
inclusion. Exclusion criteria consisted of patients who under-
went laryngotracheoplasty or posterior cricoid split with car-
tilage grafting.

Demographic characteristics including sex, age, ethnic-
ity, and body mass index were collected. Medical comorbidi-
ties, prior history of traumatic brain injury, stroke, spinal cord
injury, or other neurological disease were also reviewed. Pre-
operative information on gross deficits such as paraplegia,
along with preoperative vocal fold abnormalities were noted.
Surgical factors collected included cause, degree, length, and
location of stenosis, length of resection, intraoperative laryn-
geal release technique, number of days required in the inten-
sive care unit, and number of days until discharge. Dysphagia
symptoms were measured as the primary outcome. Severity
of dysphagia was quantified using the functional oral intake
scale (FOIS)14 ranging from 1 to 7, with 1 representing no oral
intake and 7 representing a full oral intake with a regular diet
as categorized in the eTable in Supplement 1. The FOIS scores
were recorded based on clinical evaluation preoperatively, and
on postoperative days (PODs) 3, 5, and 7, on the day of dis-
charge, and at the first follow-up appointment at the 1-month
postoperative time point or later. Severe impairment of swal-
lowing was defined as FOIS equal to or less than 3 in this present
study. A FOIS score of 3 was chosen as it represents the cutoff
for tube-dependent nutrition, a clinically significant mea-
sure for patients. As per our institutional protocol, all tra-
cheal resection patients are evaluated by speech language pa-
thology on POD 1, trialed with oral intake, and subsequently
started on a clear liquid diet with advancement of diet as able
with the goal of a regular diet by day of discharge.

Key Points
Question What patient factors are associated with postoperative
dysphagia following tracheal resection?

Findings In this retrospective cohort study of 54 adults, increased
age at time of operation was moderately associated with
decreased functional oral intake scale scores postoperatively and
delayed resolution of symptoms.

Meaning When considering tracheal resection, older patients
should be counseled to expect higher severity of dysphagia after
surgery and a longer recovery before returning to their baseline
swallowing function.
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Statistical Analysis
Summary statistics were presented using frequency (percent-
age) for categorical variables and mean (SD) or median (range)
for continuous variables, dependent on distribution. Be-
cause of nonnormality, Kendall rank order correlation was per-
formed to measure the monotonic association between con-
tinuous variables and FOIS scores at each time point.

Effect sizes were presented as Cliff delta or Kendall tau,
as appropriate, along with corresponding 95% CIs. Values for
Cliff delta vary between −1 and +1, and absolute values were
interpreted as follows: 0 to 0.147 (negligible), 0.147 to 0.330
(small), 0.330 to 0.474 (medium), and values greater than 0.474
as (large). Kendall tau values range from −1 to +1, with 0 indi-
cating no association and ±1 representing perfect association;
absolute values were interpreted as follows: less than 0.10 (very
weak), 0.10 to 0.19 (weak), 0.20 to 0.29 (moderate), and greater
than or equal to 0.30 (strong). Normality was assessed using
histograms and the Shapiro-Wilk test. All tests were 2-sided.
All analyses were performed in R statistical software, version
4.2.1 (R Project for Statistical Computing).

Results
Fifty-four patients, consisting of 34 male adults and 20 female
adults, underwent a tracheal or cricotracheal resection be-
tween February 2014 and May 2021 and were eligible for inclu-
sion in this study (Table 1). The age at time of the procedure for
participants ranged from 19 to 73 years, with a mean (SD) age
of 47 (15.7) years. The indication for resection was tracheal ste-
nosis due to prolonged intubation or tracheostomy-related
trauma in 42 (78%) patients, papillary thyroid carcinoma in-
volving the airway in 10 (19%) patients, and idiopathic steno-
sis in 2 (4%) patients. Fifteen (28%) patients had medical

history significant for neurological disease including 7 with trau-
matic brain injury, 7 with stroke, 2 with aneurysm, and 5 with
prior spinal cord injury. The mean (SD) time from surgery to post-
operative follow-up visit was 47.4 (29.9) days.

Fourteen (26%) patients underwent cricotracheal resec-
tion while the remaining 40 (74%) patients underwent tra-
cheal resection. The total length of resection segment ranged
from 2 cm to 6 cm, with a mean (SD) length of 3.8 (1.2) cm.
Thirty-six (67%) patients underwent both suprahyoid and in-
frahyoid laryngeal release techniques intraoperatively. Nine pa-
tients did not undergo laryngeal release, and the usage of re-
lease techniques was unable to be determined from the medical
record for the remaining 9 patients. It is to be noted that the
use of laryngeal release procedures was decided intraopera-
tively by the surgeon depending on the length of resection and
the need to reduce tension on the anastomosis. All release pro-
cedures were performed by the senior author (K.O.) in the same
manner. Suprahyoid and infrahyoid musculature are both re-
moved from the hyoid between the lesser cornu and the con-
tralateral lesser cornu, and a 1-cm middle segment of the hy-
oid bone was removed. All patients underwent blunt dissection
of the anterior 180° portion of the trachea extending inferi-
orly to the level of the aortic arch. Patients were routinely ex-
tubated after surgery and T-tubes were not utilized in these
cases.

The FOIS scores were measured at various time points in
the preoperative and postoperative course (Figure 1). The me-
dian (range) FOIS score for all patients preoperatively was 7 (3-
7). In the immediate postoperative period, the FOIS score was
4 (1-7) on POD 3, POD 5, and POD 7. On the day of discharge,
FOIS was 5 (1-7), and at the 1-month postoperative follow-up
visit, it was 7 (1-7). Twenty-three (44.2%) of patients on POD
3, 20 (39.2%) on POD 5, 14 (45.2%) on POD 7, 12 (23.5%) on dis-
charge, and 8 (15.7%) at follow-up visit had substantial limi-
tations on oral intake with FOIS less than or equal to 3.

Table 1. Description of the Study Population

Characteristic Value, No. (%)
Sex

Female 20 (37)

Male 34 (63)

Age, mean (SD) [range], y 47 (15.7) [19-73]

Cause

Intubation/tracheostomy trauma 42 (78)

Papillary thyroid carcinoma 10 (19)

Idiopathic 2 (4)

Neurological history

Yes 15 (28)

No 39 (72)

Procedure type

Tracheal resection 40 (74)

Cricotracheal resection 14 (26)

Hyoid release (suprahyoid and infrahyoid)

Yes 36 (67)

No 9 (17)

Unknown 9 (17)

Length of resection, mean (SD) [range], cm 3.8 (1.2) [2-6]

Figure 1. Postoperative Functional Oral Intake Scale (FOIS) Score
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Increasing patient age showed a low-to-moderate strength
of association with worse FOIS scores at all measured time
points. These data (POD 3, POD 5, POD 7, and follow-up) are
shown in Figure 2 (except day of discharge) (Kendall correla-
tion coefficients: τ = −0.33; 95% CI, −0.51 to −0.15 on POD 3;
τ = −0.38; 95% CI, −0.55 to −0.21 on POD 5; τ = −0.33; 95% CI,
−0.58 to −0.08 on POD 7; τ = −0.22; 95% CI, −0.42 to −0.01 on
day of discharge; and τ = −0.31; 95% CI, −0.53 to −0.09 at
1-month follow-up visit).

Procedure type showed a moderate association with FOIS
score. Cricotracheal resection was moderately associated with
lower FOIS score compared with tracheal resection alone on
POD 3 (δ = −0.34; 95% CI, −0.59 to −0.03), POD 5 (δ = −0.32;
95% CI, −0.57 to −0.02), POD 7 (δ = −0.42; 95% CI, −0.59 to
−0.03) and on the day of discharge (δ = −0.35; 95% CI, −0.60
to −0.04). There was a small difference in median scores
between the 2 procedures at the 1-month follow-up visit
(δ = −0.24; 95% CI, −0.56 to −0.11). A higher percentage of pa-
tients that underwent cricotracheal resection had severe im-
pairment (FOIS score less than 3) compared with tracheal re-
section alone at 1-month follow-up visit (45.5% vs 7.7%;
difference in proportion = 37.8%; 95% CI, 7.2%-68.4%).

The presence of prior traumatic brain injury or other neu-
rological disease had a small to negligible difference in FOIS
score as compared with no relevant injury or disease at any time
point with Cliff delta (δ = 0.03; 95% CI, −0.31 to 0.36 on POD
3; δ = 0.11; 95% CI, −0.28 to 0.47 on POD 5, δ = 0.3; 95% CI,
−0.25 to 0.70 on POD 7; δ = 0.15; 95% CI, −0.24 to 0.51 on the
day of discharge, and δ = 0.27; 95% CI, −0.05 to 0.53 at follow-
up). The correlation between resection length and FOIS score
was weak at all measured time points with Kendall tau rang-
ing from −0.04 to −0.23 (Table 2). There was a small to negli-
gible difference in FOIS score between patients undergoing in-
traoperative laryngeal release compared with those who did
not, with Cliff delta ranging from 0.02 to 0.32 (Table 3).

Discussion
Dysphagia in the immediate period following tracheal resection
procedures has commonly been discussed in the literature as a
potential complication15,16; however, there have been few stud-
ies that aim to determine the underlying causes for adverse func-
tional outcomes.12 While recent studies have identified various

Figure 2. Correlation Between Age and Postoperative Functional Oral Intake Scale (FOIS) Score
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surgical factors that predispose to dysphagia following airway
reconstruction including temporary stent placement11 and laryn-
geal release techniques,17 to our knowledge, the patient factors
that predispose to dysphagia following open airway surgery have
not yet been elucidated. The purpose of this retrospective cohort
study was to analyze both patient and surgical factors that may
predispose to swallowing difficulties and prolong the recovery
period in adult patients undergoing tracheal resection with end-
to-end anastomosis.

At every time point measured, increasing patient age had
a low to moderate strength of association with lower FOIS
scores, suggesting that age increases the severity of dyspha-
gia experienced following tracheal resection and delays the re-
turn to normal preoperative diets. At baseline, the older adult
population has a lower level of swallowing function.18 Disrup-
tion in the swallowing mechanism postoperatively may cause
a greater functional deficit in older adults due to a lower base-
line functional status, as evidenced by the worsened FOIS score
at all time points with increasing age. Also, increased age and
related measures of frailty have previously been associated
with delayed recovery and adverse outcomes following sur-
gery. A systematic review by Lin et al19 reported that across vari-
ous studies using differing measures of frailty, there was strong
evidence of increased mortality at 30 days, 90 days, and 1 year
postoperatively, as well as an increase in postoperative com-
plications and length of stay in the hospital. Given the exist-
ing literature, it is likely that delayed recovery from the dis-
ruption in soft tissues and cartilaginous structures involved
in swallowing occurring during airway resection in patients of
increased age contributes to greater severity and duration of
dysphagia. Considering these findings, patient age should be
carefully considered when choosing the appropriate treat-
ment for tracheal stenosis, and patients of advanced age should
be counseled to expect increased severity and duration of swal-
lowing difficulties following tracheal resection.

In the literature, dysphagia is commonly observed in
patients following traumatic brain injury20,21 and stroke.22

However, in the present study there was a small to negligible
association between relevant neurological history and post-
operative dysphagia at any time point when compared with
patients without any neurological history. In the current study,
the methods did not specify the timing and recovery of pre-
vious neurological injury, which could theoretically have an
effect on the extent of postoperative dysphagia.

Cricotracheal resection in comparison to tracheal resec-
tion alone was moderately associated with increased FOIS
scores in the postoperative period and throughout their hos-
pital stay with the 95% CI not including 0. However, there was
a small difference in median FOIS scores between the 2 pro-
cedures at the 1-month follow-up, giving evidence that pa-
tient recovery and long-term functional outcomes from both
cricotracheal and tracheal resection are similar.

Although usage of laryngeal release is traditionally
thought to cause greater severity of swallowing difficulties
due to increased disruption of soft tissue and musculature
during tracheal resection, the association was not supported
by this study at any time point postoperatively. Similarly, we
show that for the present cohort of patients, the length of

trachea that was resected did not correlate to any change in
dysphagia and diet after the surgery. Mohsen et al17 reported
that for patients undergoing long-segment tracheal resection
(>4 cm) with intraoperative laryngeal release procedures,
only 17 of 52 patients experienced transient swallowing dys-
function, with the majority of those patients only experienc-
ing mild grade 1 dysphagia symptoms. The results of our cur-
rent study, along with the recent literature, suggest that
longer segments of trachea can be resected, and laryngeal
release maneuvers can be performed during tracheal resec-
tion without any association with postoperative swallowing
difficulty, contrary to the traditional perspective on causes
of dysphagia following open airway surgery in the literature.
However, as the current study is an observational study and
is limited to patients undergoing surgery at only 2 institu-
tions, there may be significant interinstitutional differences
in tracheal resection technique causing variable amounts of
disruption to surrounding structures intraoperatively that
may contribute to a wider range of swallowing outcomes
after surgery than is observed in the present study’s data.
Also, as both suprahyoid and infrahyoid release was con-
ducted concurrently on the patients in this study and per-
formed in the same manner by the senior author, the differ-
ences between each respective technique’s effect on
postoperative dysphagia remains unclear.

Limitations
The current study was subject to several limitations. As this
study is retrospective in nature, the present data collection was
limited to the variables that have been previously recorded.
As we investigated swallowing outcomes in the immediate
postsurgical period up to the initial follow-up visit, typically
conducted at 1 month after surgery, we are limited in our abil-
ity to observe dysphagia symptoms over the long-term recov-
ery period. Given the long-term functional outcomes are still
unclear in the literature, future studies should be performed
with structured observation and follow-up over an extended
length of time postoperatively, especially for patients with re-
sidual deficits after their 1-month follow-up. Another impor-
tant limitation was the small sample size of this cohort of pa-
tients that were included in the present study. The small sample
size led to imprecision in our estimates and limits our ability
to make definitive conclusions on certain patient factors pre-
dictive of dysphagia. For example, while we hypothesized that

Table 2. Strength of Association Between Resection Length
and Functional Oral Intake Scale Score at Each Time Period

Variable Correlation coefficient (95% CI)a

FOIS Score

POD 3 −0.11 (−0.35 to 0.13)

POD 5 −0.04 (−0.31 to 0.22)

POD 7 −0.23 (−0.57 to 0.10)

At discharge −0.19 (−0.43 to 0.09)

At follow-up −0.09 (−0.35 to 0.17)

Abbreviations: FOIS, functional oral intake scale; POD, postoperative day.
a Kendall tau.
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relevant neurological history would predict postsurgical swal-
lowing difficulty, no difference was identified in this study, with
15 patients meeting the relevant criteria. Future studies in-
cluding a larger sample size would be helpful for more accu-
rately assessing any potential relationship between neurologi-
cal history and postsurgical swallowing difficulty. In the present
cohort, 19% of patients preoperatively had airway obstruc-
tion secondary to papillary thyroid carcinoma that necessi-
tated the procedure. None of these patients had been irradi-
ated prior to surgery. It is important to note that it is possible
that patients who receive treatment such as radiation therapy
may experience greater difficulty swallowing postopera-
tively. The present study’s primary outcome was measured
using FOIS, initially described by Crary et al14 to document the
functional level of oral intake of food and nutrition and was
strongly associated with dysphagia severity when cross-
validated with videofluoroscopic examination. However, the
use of FOIS still limits our ability to assess the subjective symp-
toms of swallowing difficulty that may possibly persist after
surgery despite appropriate oral intake as measured by
FOIS. Use of validated patient-reported outcomes (PRO) in dys-
phagia, such as the quality of life in swallowing disorders
(SWAL-QOL), may better represent the patient perspective on
complications and recovery following tracheal resection. De-
spite these limitations, this study serves to add to the grow-
ing body of literature focused on patient factors predictive of
dysphagia after airway resection and can serve to generate

other hypotheses regarding swallowing outcomes for future
investigations.

Future directions include studying a larger sample of
patients to detect other predictive patient-related factors of
dysphagia and incorporating PRO measures both preopera-
tively and postoperatively to better understand the patient
perspective on functional outcomes. This study identified
factors that are predictive of dysphagia following tracheal
resection and can help both the surgeon and patient to
make a more informed decision regarding the potential
complications and recovery when considering open airway
resection.

Conclusions
This retrospective cohort study demonstrates that dysphagia
is commonly encountered in the postoperative period follow-
ing tracheal resection in adult patients, but recovery to base-
line swallowing function and preoperative diet generally oc-
curs within the first month following surgery. Increased age
at the time of surgery was associated with increased dyspha-
gia symptoms postoperatively and delayed return to baseline
diet and swallowing. Understanding risk factors for postop-
erative dysphagia in tracheal resection is crucial for appropri-
ate patient selection and to adequately counsel patients con-
sidering tracheal resection procedures.
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