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ABSTRACT

Objective: The incidence of postoperative complications, including dysphagia, in-
creases as the population undergoing cardiovascular surgery ages. This study aimed
to explore the potential of maximum phonation time (MPT) as a simple tool for pre-
dicting postextubation dysphagia (PED) and major adverse cardiac and cerebrovas-
cular events (MACCEs).

Methods: This retrospective study included 442 patients who underwent elective
cardiac surgery at a university hospital. MPT was measured before surgery, and pa-
tients were stratified into 2 groups based on normal and abnormal MPTs. Postop-
erative complications, including PED and MACCEs, were also investigated.
Swallowing status was assessed using the Food Intake Level Scale.

Results:MPT predicted PED with prevalence of 11.0% and 18.0% in the normal and
abnormal MPT groups, respectively (P¼ .01). During the follow-up period, MACCEs
developed in 17.0% of patients. Frailty, European System for Cardiac Operative Risk
Evaluation II score, PED, and MPT were markedly associated with MACCEs (adjusted
hazard ratios: 2.25, 1.08, 1.96, and 0.96, respectively). Mediation analysis revealed
that MPT positively influenced PED and MACCEs, whereas PED positively influenced
MACCEs. The trend in restricted cubic spline analysis indicated that the hazard ratio
for MACCEs increased sharply when MPT was<10 seconds.

Conclusions: These findings underscore the potential of MPT as a valuable tool in
the preoperative assessment and management of patients undergoing cardiac sur-
gery. By incorporating MPT into routine preoperative evaluations, clinicians can
identify patients at a higher risk of PED and MACCEs, allowing for targeted interven-
tions and closer postoperative monitoring. This may improve patient outcomes and
reduce the health care costs associated with these complications. (JTCVS Open
2024;18:123-37)
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Maximum phonation time predicted long-term
prognosis.
O
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MPTwas a potential predictor of
postoperative dysphagia.
Decreased MPTmediates post-
operative dysphagia and is
consequently associated with
long-term prognosis.
PERSPECTIVE
MPT—which is simple, inexpensive, and easy to
measure—can be useful as a risk stratification
tool for cardiac surgery.
With the increasing age of the patient population for cardio-
vascular surgery, the incidence of postoperative complica-
tions and less-than-optimal functional recovery has
increased, presenting formidable challenges.1,2 Specif-
ically, postextubation dysphagia (PED), characterized as
swallowing difficulties following endotracheal extubation,
is notably prevalent, with incidence rates reaching up to
15%.3,4 These complications extensively influence both
immediate and long-term patient outcomes.3,4 PED is
frequently reported and, upon its onset, can lead to compli-
cations such as pneumonia.5 It also contributes to a pro-
longed diminution in food intake, physical function, and
quality of life.3,5 Such protracted deteriorations in nutri-
tional intake and physical capacity, along with the progres-
sion of frailty, influence patient prognosis.3 Despite the
recognition of frailty as a crucial risk stratification mecha-
nism in older patients undergoing cardiac surgery, there is
pen c Volume 18, Number C 123
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Abbreviations and Acronyms
AUC ¼ area under the curve
EuroSCORE ¼ European System for Cardiac

Operative Risk Evaluation
FILS ¼ Food Intake Level Scale
MACCEs ¼ major adverse cardiac and

cerebrovascular events
MPT ¼ maximum phonation time
NYHA ¼ New York Heart Association
PED ¼ postoperative dysphagia
PED ¼ postextubation dysphagia
ROC ¼ receiver operating characteristic
SPPB ¼ Short Physical Performance Battery
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a conspicuous lack of consensus regarding the most effec-
tive approach for precise and efficient perioperative frailty
evaluation.6 This is further highlighted by the variability
in its definition and assessment in the existent literature.7,8

Nevertheless, to minimize postoperative complications,
the formulation of pragmatic and efficient assessment meth-
odologies is of paramount importance.

Maximum phonation time (MPT) has been utilized to
measure the intensity of dysphonia and verify the effective-
ness of speech therapy, owing to its ability to assess bron-
chial airflow and the operational efficiency of the
respiratory mechanism during speech.9,10 Furthermore,
MPT has exhibited a positive correlation with exercise
tolerance and ventilatory efficiency, along with other pul-
monary functions, such as inspiratory and expiratory mus-
cle pressures.11-13 Despite these promising findings, the
potential of MPT as a predictor of postoperative
complications and prognostic outcomes in cardiovascular
surgery has been largely unexplored in the existing
literature. This study aimed to fill this gap by
investigating the influence of MPT on PED and prognosis
after cardiovascular surgery. MPT may function as an
innovative screening test capable of predicting
postoperative complications (including dysphagia and
aspiration), as well as prognostic outcomes, even in
preoperative cardiac patients. Although MPT has been
associated with the development of pneumonia during the
perioperative phase of esophageal surgery,14 its role in the
postoperative period of cardiac surgery remains unclear.
Therefore, this study presents a novel approach for under-
standing and predicting the postoperative outcomes of car-
diac surgery.
MATERIALS AND METHODS
Study Population

This study was conducted between January 2016 and December 2021 at

Kobe University Hospital in Japan. Among the 2278 consecutive patients

who underwent cardiac surgery, 442 consecutive inpatients who had
124 JTCVS Open c April 2024
undergone elective cardiac surgery and rehabilitation treatment were

enrolled. Patients who underwent elective on-pump surgery and subse-

quently received rehabilitation treatment were considered eligible for in-

clusion. The exclusion criteria were preoperative dysphagia, severe

dementia, missing MPT data, postoperative new-onset stroke, and age

younger than 65 years. This study complied with the principles of the

Declaration of Helsinki regarding the investigation of humans and was

approved by the Kobe University Institutional Review Board (approval

No. B200339; approval date: October 7, 2022). Due to the retrospective

study design, we used the opt-out method; all participants were notified

of their participation in the study and informed that they were free to opt

out at any time.

Clinical Characteristics of the Study Participants
The following baseline characteristics evaluated in this study: age, sex,

body mass index, left ventricular ejection fraction, brain natriuretic peptide

level, hemoglobin level, comorbidities (such as diabetes, chronic obstruc-

tive pulmonary disease, hypertension, dyslipidemia, and chronic kidney

disease15), medications, New York Heart Association (NYHA) functional

class, and nutritional status assessed using theMini Nutritional Assessment

Short-Form.16 The European System for Cardiac Operative Risk Evalua-

tion (EuroSCORE) II score was recorded as the operative risk score.17 Lab-

oratory data were evaluated within 1 week of cardiac surgery. Perioperative

clinical variables recorded included cardiac surgery type, postoperative

surgery-related complications, length of intensive care unit stay, length

of hospital stay, and discharge location. Frailty was assessed using the Jap-

anese version of the Cardiovascular Health Study frailty index18; patients

with at least 3 of the following factors were considered physically frail:

weakness (handgrip strength), slow gait speed, weight loss, exhaustion,

and low physical activity. Physical performance was assessed using the

Short Physical Performance Battery (SPPB).19

Assessment of MPT
MPTwasmeasuredwith a stopwatchwhile the patient was seated, based

on previously reported methods.9 Patients were instructed to produce a sus-

tained/a:/vowel sound for as long as possible. MPT was measured within

1 week before surgery and immediately before discharge; three consecutive

trials were conducted, and the highest value obtained was used as the MPT

index. MPTwas measured in increments of 0.1 second, with an upper limit

of 60 seconds. A previous study defined an abnormal MPT as

<15.0 seconds for men and<14.3 seconds for women.10 Patients were

stratified into normal and abnormal MPT groups using the same MPT cut-

off values.

Assessments of PED
The swallowing status was assessed using the Food Intake Level Scale

(FILS).20 Based on the FILS, dysphagia was categorized as no oral intake

(score ¼ 1-3), oral intake with alternative nutrition (score ¼ 4-6), and oral

intake alone (score ¼ 7-10). The FILS assessment was performed when

postoperative oral intake was permitted after the attending cardiologist

confirmed that the patient’s circulatory status was stable. After postopera-

tive extubation, a well-trained intensive care unit nurse performed bedside

swallowing-related evaluation of consciousness level, mouth or tongue

function, vocal function, oral hygiene, and cough reflex. Patients with

adequate swallowing ability were asked to perform a water swallow test,

the results of which were used to determine FILS. We defined dysphagia

as a FILS score �7, as previously described.21

Follow-up Assessment
The primary end point of this study was to investigate major adverse

cardiac and cerebrovascular events (MACCEs) after discharge, which

included a composite of death, myocardial infarction, hospital readmission

for worsening heart failure or angina, and stroke. All events were based on
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clinical diagnoses assigned by the treating physician. The patients were fol-

lowed up as outpatients, and the date and cause of any reported event deter-

mined during regularly scheduled outpatient visits were confirmed by

reviewing hospital medical records.

Statistical Analysis
Statistical analyses were performed after confirming normal data distri-

bution using the Shapiro-Wilk test. Patients were stratified into 2 groups

based on normal and abnormalMPTs. Differences in baseline clinical char-

acteristics between the groups were determined using independent t tests

and c2 tests. The results are reported as mean (SD) for parametric data,

and median and interquartile range for nonparametric data.

We performed logistic regression analysis to investigate the risk factors

for PED; PED incidence was the dependent variable, whereas the clinical

characteristics andMPTwere independent variables. To analyze the factors

influencing MACCEs, multivariate analyses were performed using a Cox

proportional hazards regression model. In this analysis, the MACCE inci-

dence was used as the dependent variable, and the independent variables

included patient clinical characteristics, MPT, and PED. Kaplan-Meier sur-

vival statistics were used to examine the time to the first event, and log-rank

analysis was performed to compare MACCEs with and without PED and

MPT values.

Restricted cubic spline models were used to assess the relationships be-

tween the PED, MACCE, and MPT values. Multiple adjusted splines were

adjusted for age, sex, body mass index, type of surgery, Mini Nutritional

Assessment Short-Form score, EuroSCORE II score, and NYHA func-

tional class. The splines were restricted to linearity below the first and

last knot points. We used the 4 cutoff points for MPT (5.0, 10.0, 15.0,

and 25.0 seconds) as knots for the nonlinear effects of continuous MPT

assessment. Receiver operating characteristic (ROC) curves were con-

structed by plotting true-positive rates (sensitivity) against false-positive

rates (1 – specificity) to determine the best cutoff value for MPT. The

area under the curve (AUC) was calculated from the ROC curve for each

variable, and the cutoff value was calculated based on the Youden index.22

Mediation analysis was performed to assess PED as a mediator in the rela-

tionship betweenMPTandMACCEs.We hypothesized that PED is a medi-

ator between the MPT value and MACCEs. Thus, 3 pathways were

considered: the association between MPT and MACCEs, the association

between PED and MACCEs, and the association between MPT and PED.

Mediation (indirect effect) was then established by estimating the direct

causal relationship. A bootstrapping method with 5000 resamples was used

to calculate the indirect effect and 95% CI. If the 95% CI of the indirect

effect did not include 0, the mediation effect was considered significant.

The model’s goodness of fit was evaluated using the c2 test, comparative

fit index, Tucker-Lewis index, and root mean square error of approxima-

tion. Sample size was calculated with reference to a previous study,3 as

well as our unpublished data (power ¼ 0.8, significance level ¼ 0.05,

mean difference¼ 16.0%, n¼ 600 patients). Statistical analyses were per-

formed using R version 4.3.1 (R Foundation for Statistical Computing)

with the rms, lavaan, and semTools packages.
RESULTS
Baseline Characteristics

Of the 2278 consecutive patients, 903 were enrolled in
the present study; among them, 442 met the inclusion
criteria and 461 were excluded. Of the 461 excluded pa-
tients, 209 were younger than age 65 years, 12 had preoper-
ative dysphagia, 35 had severe dementia before surgery, 165
had undergone aortic surgery, and 40 had missing MPT or
physical function data (Figure 1). The mean age of the
cohort was 71.5 � 6.4 years, and 44.0% were women.
The follow-up period was 2.46 years (interquartile range,
1.62-5.00 years). The mean MPT was 15.0 � 7.3 seconds,
and 45.0% and 55.0% were in the normal and abnormal
MPT groups, respectively (Figure 2). The clinical charac-
teristics and between-group differences are presented in
Table 1. Compared with patients in the normal MPT group,
those in the abnormal MPT group were significantly older
and had chronic kidney disease, hypertension, a lower
NYHA functional class, and higher malnutrition rates,
EuroSCORE II score, pulmonary function, and preoperative
frailty (P< .05). The rate of postoperative complications
was much higher in the abnormal MPT group than in the
normal MPT group (31% vs 23%). Mortality was not
significantly different between the 2 groups; however, the
rates of home discharge were lower in the abnormal MPT
group than in the normal MPT group (P ¼ .008). Further-
more, physical functions—such as SPPB, grip strength, or
6-minute walking distance—positively correlated with
MPT values (Figure E1).

Occurrence of PED and Its Predictors
The prevalence of PED was 5.5% and 13.0% in the

normal and abnormal MPT groups, respectively
(P ¼ .010). The results of the multivariate logistic analyses
for PED are shown in Table 2. In the multivariate analysis,
frailty (adjusted odds ratio, 5.53; 95% CI, 2.53-12.1) and
MPT (adjusted odds ratio, 0.96; 95% CI, 0.92-0.99) were
independently associated with PED development after ad-
justing for potential confounders. The restricted cubic
spline showed a trend of increasing PED risk as MPT
decreased (Figure 3, A). The risk of PED increased mark-
edly, particularly when MPT was<10 seconds. The cutoff
value for MPT determined by the ROC curve analysis
was 9.5 seconds (AUC ¼ 0.63; P< .0001) for the entire
cohort, 12.0 seconds for men, and 8.5 seconds for women
(Figures E2 and E3). The abnormal MPT group showed a
higher risk of in-hospital complications, which are predom-
inantly respiratory complications, with marginal statistical
significance in multivariate analysis (P ¼ .051) (Table
E1). On the other hand, there was no sex difference in the
predictive ability of MPT for PED.

Results for MACCEs
During the follow-up period, 17.0% of the patients

developed MACCEs. Overall, 74 patients (17.0%) had
MACCEs (heart failure, n ¼ 51; stroke, n ¼ 12; nonfatal
myocardial infarction, n ¼ 3; and death, n ¼ 8). Addition-
ally, heart failure was commonly accompanied by compli-
cations of pneumonia. Table 3 shows the results of
multivariate analyses using the Cox proportional hazards
regression model to predict MACCEs. The multivariate
Cox proportional hazard regression analysis showed that
frailty (hazard ratio [HR], 2.42; 95% CI, 1.35-4.33;
P ¼ .003), EuroSCORE II (HR, 1.08; 95% CI, 1.01-1.10;
JTCVS Open c Volume 18, Number C 125



Consecutive patients undergoing cardiovascular surgery (n = 2290) (2016/1-2021/12)

Inclusion criteria:
• Underwent elective surgery

Consecutive patients undergoing elective cardiovascular surgery (n = 1587) (2016/1-2021/12)

Inclusion criteria:
• Underwent rehabilitation treatment

Enrolled in the present study (n = 915)

Study population (n = 442)

Exclusion criteria:
• Preoperative dysphagia (n = 12)
• Aortic surgery (n = 165)
• Postoperative stroke (n = 12)
• Severe Dementia (n = 35)
• Missing data for MPT or physical function (n = 40)
• Age < 65 years (n = 209)

FIGURE 1. Patient selection flowchart. The flowchart displays the patient flow during the study’s enrolment process. MPT, Maximum phonation time.
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P ¼ .007), PED (HR, 1.88; 95% CI, 1.04-3.37; P ¼ .035)
and MPT (HR, 0.96; 95% CI, 0.93-0.99; P ¼ .04) were
significantly associated with MACCEs after covariate
adjustment. The Kaplan-Meier analysis revealed that the
abnormal MPT group had a worse prognosis than the
normal MPT group (P¼ .00 l) (Figure 4). The restricted cu-
bic spline showed an increasing trend of MACCE risk as
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FIGURE 2. Distribution of maximum phonation time (MPT). Preopera-

tive MPT distribution classified by sex.
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MPT decreased (Figure 3, B). The results of the mediation
analysis are shown in Figure E4 and Table E2. The model fit
was acceptable (comparative fit index ¼ 0.974, Tucker-
Lewis index ¼ 0.952, root mean square error of
approximation ¼ 0.048),23 and the mediation analysis re-
vealed that MPT positively influenced PED (b ¼ 0.150;
P ¼ .030) and MACCEs (b ¼ 0.249; P ¼ .002). PED also
positively influenced MACCEs (b ¼ 0.189; P ¼ .026),
and MPT indirectly influenced MACCEs by influencing
PED (indirect effect, 0.028; 95% CI, 0.001-0.078). The to-
tal effect of the association betweenMPTandMACCEs was
statistically significant (indirect effect, 0.028; 95% CI,
0.001-0.078). The cutoff value for the MPT determined
by the ROC curve analysis was 11.9 seconds
(AUC ¼ 0.61; P ¼ .003) for the entire cohort, 10.6 seconds
for men, and 12.1 seconds for women.
DISCUSSION
The present study revealed 2 remarkable findings that

contribute to our understanding of postoperative outcomes
of cardiac surgery. First, MPT emerged as a potential pre-
dictor of PED. Second, our study demonstrated the predic-
tive value of MPT for MACCEs. Furthermore, decreased
MPT was found to mediate PED and was consequently
associated with MACCEs. These findings underscore the
potential of MPT as a valuable tool in the preoperative
assessment and management of patients undergoing cardiac
surgery (Figure 5).

The mean MPT in our study was 15.0 � 7.3 seconds.
Studies investigating MPTare sparse. MPT can vary widely



TABLE 1. Clinical and treatment-related characteristics stratified by maximum phonation time (MPT)

Variable Overall (N ¼ 442) Abnormal MPT (n ¼ 243) Normal MPT (n ¼ 199) P value*

Characteristic

Age (y) 71.5 � 6.4 72.8 � 6.5 69.9 � 6.0 <.001

Female sex 195 (44) 111 (46) 84 (42) .5

BMI 22.7 � 3.8 22.7 � 3.9 22.7 � 3.8 .9

NYHA functional class <.001

I 82 (19) 25 (10) 57 (29)

II 208 (47) 107 (44) 101 (51)

III 152 (34) 111 (46) 41 (21)

Frail 122 (28) 87 (36) 35 (18) <.001

Laboratory data

Albumin (g/dL) 3.8 � 1.0 3.8 � 1.0 3.8 � 1.0 .4

BNP (pg/mL) 120.2 (52.0-265.9) 164.0 (72.6-307.9) 83.2 (39.0-194.0) <.001

Hemoglobin (g/dL) 12.9 � 8.3 13.1 � 10.8 12.8 � 2.9 .7

MNA-SF 11.4 � 2.5 11.2 � 2.5 11.7 � 2.3 .030

LVEF (%) 57.1 � 15.3 57.6 � 14.6 56.5 � 16.2 .5

MPT (sec) 15.0 � 7.3 10.1 � 2.9 21.0 � 6.4 <.001

Comorbidity

Hypertension 247 (56) 145 (60) 102 (51) .076

Diabetes mellitus 159 (36) 86 (35) 73 (37) .8

Chronic kidney disease 124 (28) 83 (34) 41 (21) .002

Dyslipidemia 122 (28) 74 (30) 48 (24) .14

COPD 128 (29) 80 (33) 48 (24) .02

Physical function

Grip strength (kg) 27.1 � 9.2 24.9 � 8.3 29.7 � 9.5 <.001

SPPB (points) 11.0 � 1.9 10.6 � 2.2 11.4 � 1.4 <.001

6-min walking distance (m) 392.6 � 100.2 367.4 � 96.4 423.4 � 96.3 <.001

%VC 88.5 � 16.2 84.7 � 17.2 92.8 � 13.7 <.001

FEV1 (%) 72.9 � 10.8 72.4 � 10.6 74.3 � 11.0 .04

Medications

B blocker 202 (46) 109 (45) 93 (47) .7

ACE-I 54 (12) 30 (12) 24 (12) .9

ARB 131 (30) 72 (30) 59 (30) .9

Statin 137 (31) 79 (33) 58 (29) .4

Diuretics 198 (45) 117 (48) 81 (41) .12

Type of surgery .8

CABG 58 (9.6) 32 (9.5) 26 (9.7)

Valve 384 (63) 211 (62) 173 (64)

Euro SCORE II 6.5 � 2.4 5.0 � 4.4 3.6 � 3.5 .003

Duration of surgery (min) 352.5 � 101.5 344.4 � 101.9 362.5 � 100.2 .062

CPB time (min) 165.5 � 56.1 161.3 � 52.0 170.7 � 60.4 .083

In-hospital complication 119 (27) 77 (31.6) 46 (23.1) .027

PED 43 (9.7) 31 (13) 11 (5.5) .010

Respiratory complications 35 (7.9) 23 (9.5) 12 (6.0) .039

Prolonged ventilation 29 (6.6) 17 (7.0) 12 (6.0) .7

Pneumonia 22 (5.0) 13 (5.3) 9 (7.6) .3

Reintubation 7 (1.6) 5 (2.1) 2 (1.0) .2

Delirium 107 (25) 68 (28) 39 (20) .048

ICU stay (day) 3.7 � 4.5 3.9 � 4.4 3.4 � 4.5 .3

Hospital death 4 (0.9) 3 (1.2) 1 (0.5) .6

Discharge locations .008

Home 401 (92) 212 (88) 189 (95)

(Continued)
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TABLE 1. Continued

Variable Overall (N ¼ 442) Abnormal MPT (n ¼ 243) Normal MPT (n ¼ 199) P value*

Transfer 37 (8.4) 28 (12) 9 (4.5)

Length of hospital stay (day) 23.1 � 19.3 24.0 � 15.7 22.0 � 23.0 .3

MACCE 74 (17.0) 50 (20.6) 24 (12.1) .018

Values are mean� standard deviation, median (interquartile range), or n (%). Bolded P-values indicate P<.05.MPT, Maximum phonation time; BMI, body mass index; NYHA,

NewYork Heart Association; BNP, brain natriuretic peptide;MNA-SF, Mini Nutritional Assessment Short-Form; LVEF, left ventricular ejection fraction;COPD, chronic obstruc-

tive pulmonary disease; SPPB, Short Physical Performance Battery; VC, vital capacity; FEV1, forced expiratory volume in 1 second; B blocker, beta blocker; ACE-I, angiotensin-

converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CABG, coronary aery bypass grafting; EuroSCORE, European System for Cardiac Operative Risk Evaluation;

CPB, cardiopulmonary bypass; PED, postextubation dysphagia; ICU, intensive care unit; MACCE, major adverse cardiac and cerebrovascular event. *Welch’s 2-sample t test;

Pearson c2 test; or Fisher exact test.
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among individuals, with adult men and women typically be-
ing able to sustain vowel sounds for 25 to 35 seconds and 15
to 25 seconds, respectively.24 Another study demonstrated
that age is a significant factor influencing maximum speech
performance.25 To the best of our knowledge, this study is
the first to report MPT results in an older surgical patient
population. Although our findings slightly differ from those
of previous research, our study provides valuable insights
into the potential of MPT as a predictive tool that considers
the characteristics of cardiac surgical patients, including
age and comorbidities.

We found that MPT could serve as a predictor of PED,
with a prevalence of 5.5% and 13.0% in the normal and
abnormal MPT groups, respectively. This finding aligns
with previous research identifying MPT as a predictive fac-
tor for postoperative complications—such as aspiration
pneumonia26 and dysphagia—in patients undergoing occip-
ital spinal fusion.27 We previously reported that even
transient PED lowers functional status and worsens the
long-term prognosis, strongly indicating the usefulness of
the MPT.3 Given the substantial negative influence of
PEDs, even when transient, MPT has been demonstrated
to be very effective in risk stratification. MPT is a compre-
hensive assessment of respiratory, swallowing, and speech
functions, as well as motor tolerance. It may also identify
TABLE 2. Multivariate analysis of predictive factors for the

development of postextubation dysphagia

Characteristic Odds ratio 95% CI P value

Age 1.00 0.97-1.065 .632

Male sex 1.23 0.62-2.45 .556

BMI 0.93 0.83-1.04 .210

Type of surgery: Valve 0.74 0.29-1.93 .544

NYHA functional class 0.62 0.35-1.09 .090

MPT 0.95 0.89-0.98 .034

Frail 5.44 2.47-11.9 <.001

MNA-SF 0.98 0.84-1.14 .790

EuroSCORE II 1.08 1.01-1.18 .012

Bolded P-values indicate P<.05. CI, Confidence interval; BMI, body mass index;

NYHA, New York Heart Association; MPT, maximum phonation time; MNA-SF,

Mini Nutritional Assessment Short-Form; EuroSCORE, European System for Car-

diac Operative Risk Evaluation.
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subtle declines in these abilities that were not recognized
preoperatively. It is possible that this subtle decline in abil-
ities may have manifested itself in the form of dysphagia
due to postoperative invasion. Incorporating MPT into the
evaluation of frailty regardless of sex could prognosticate
postoperative complications, particularly dysphagia, and
potentially enhance the precision of predicting outcomes.
Delirium notably emerged as a more prevalent complication
in the abnormal MPT groups. Considering the established
increased vulnerability of frail individuals to delirium,28

the incorporation of MPT in evaluating frailty is both justi-
fied and advantageous.

MPT was identified as a predictor of MACCEs, with
17.0% of the patients developing MACCEs during the
follow-up period. This finding is novel, as there is a lack
of studies that directly support MPTas a predictor of MAC-
CEs; however, MPT has been recognized as a useful assess-
ment tool for older adults requiring long-term care/
support,29 which may indirectly suggest its relevance in pre-
dicting adverse health outcomes in this population. The
trend in the restricted cubic spline analysis indicated that
the HR for MACCEs increased sharply when MPT was
<10 seconds. Furthermore, mediation analysis revealed
that MPT indirectly influenced MACCEs by influencing
PED. MPT exhibits a robust correlation with physical func-
tionality and effectively delineates a specific facet of frailty
in detail. It is well known that frailty serves as a predictor
for heart failure,30 a finding that aligns with the results
observed in this study. It seems likely that the decrease in
preoperative reserve may worsen the long-term prognoses
of patients via respiratory complications and PED. PED is
often transient, with a 73% improvement occurring during
hospitalization. However, there remains a risk of further
functional decline and impaired physical function recovery.

Our findings have profound and widespread clinical im-
plications. The identification of MPT as a predictor of
PED and MACCEs may revolutionize preoperative assess-
ments and postoperative care in cardiovascular surgery. By
incorporating MPT into routine preoperative evaluations,
clinicians can identify patients at a higher risk of PED
and MACCEs, allowing for targeted interventions and
closer postoperative monitoring. Furthermore, enhancing
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MPT, which is linked to physical function, might
be possible through prehabilitation.31 Recently, a multidi-
mensional prehabilitation approach, which includes nutri-
tional intervention, physical rehabilitation, and
psychological care, has been recognized as an effective
strategy to improve postoperative outcomes for cardiac
TABLE 3. Cox proportional hazard regression analysis of predictive

factors for major adverse cardiac and cerebrovascular event

development

Characteristic Hazard ratio 95% CI P value

Age 1.01 0.98-1.03 .613

Male sex 1.16 0.70-1.87 .528

BMI 0.99 0.93-1.07 .717

Type of surgery: Valve 2.82 0.88-9.19 .080

NYHA functional class 1.02 0.69-1.50 .912

MPT 0.96 0.92-0.99 .041

Frail 2.25 1.25-4.05 .007

EuroSCORE II 1.08 1.01-1.10 .007

PED 1.96 1.10-3.51 .023

Bolded P-values indicate P<.05. CI, Confidence interval; BMI, body mass index;

NYHA, New York Heart Association; MPT, maximum phonation time; EuroSCORE,

European System for Cardiac Operative Risk Evaluation; PED, postextubation

dysphagia.
surgery.32 Postoperative management, including assessing
swallowing function, promptly determining the right nutri-
tion, dose, and administration methods, and starting early
physical and respiratory rehabilitation, could also offer in-
sights into better outcomes. This could potentially improve
patient outcomes and reduce the health care costs associated
with these complications. Our findings may stimulate
further research on the underlying mechanisms linking
MPT, PED, andMACCEs, potentially uncovering new ther-
apeutic targets.
Study Limitations
Despite the remarkable contributions of our study, it has

some limitations. First, it was conducted at a single center,
which may have limited the generalizability of our findings.
Second, our study was observational in nature, which pre-
cluded us from establishing causal relationships between
MPT, PED, and MACCEs. The applicability of the findings
requires caution, particularly due to the study’s observa-
tional nature and its exclusive inclusion of Asian partici-
pants. Further multicenter studies are required to validate
our findings in different populations and settings. Third,
the FILS score was used to assess PED as an indirect assess-
ment of the swallowing function of food substances.
JTCVS Open c Volume 18, Number C 129
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Subsequently, there remain unanswered questions concern-
ing mechanical injuries, such as vocal cord immobility or
arytenoid cartilage dislocation. Fourth, videofluoroscopy
or videoendoscopy is the gold standard for diagnosing
dysphagia. However, these evaluations were not possible
in the present study due to their invasive nature, patient
discomfort, and radiation risks. In addition, the effectiveness
of management based on videoendoscopy or videofluoro-
scopy in intensive care units remains unclear.33 Further
investigation is required to develop a precise and clinically
viable method for swallowing assessment that is also sus-
tainable. Lastly, our study did not include an investigation
of the temporal extent of PED, which prevented us from
gaining understanding into the protracted trajectory of
PED recovery. Similarly, the longitudinal assessment of
MPT remains unexplored, inhibiting discourse on its long-
term progression.

Despite these limitations, our study has several strengths.
This is the first study to identify MPT as a predictor of
MACCEs, filling a significant gap in the literature. Our
study also highlights the potential role of PED as a mediator
in the relationship between MPT and MACCE, providing a
new perspective of these complex relationships. Our find-
ings thus have important clinical implications for improving
patient outcomes and guiding future research in this field.
CONCLUSIONS
This study demonstrated that preoperative MPT was

strongly associated with swallowing dysfunction in patients
who underwent cardiac surgery. MPT predicts long-term
prognosis and the occurrence of PED worsens patient prog-
nosis. Notably, functional decline accompanied by PED
was a powerful predictor of poor prognosis 3 years postop-
eratively. MPT—which is simple, inexpensive, and easy to
measure—can be useful as a risk stratification tool for car-
diac surgery.
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Path a
� = –0.037*

Path b
� = 0.340*

Path a × b (Indirect effect)
� = –0.012*

Path c (Direct effect)
� = –0.020*

Path c’ (Total effect)
� = –0.033*

MACCE

PED

FIGUREE4. Results of mediation analysis between maximum phonation

time (MPT) and major adverse cardiac and cerebrovascular events (MAC-

CEs). Postextubation dysphagia (PED) is a mediation variable. *P<.05.

**P<.01.

TABLE E1. Multivariable analysis of predicting factors for the

development of in-hospital complications

Characteristic Odds ratio 95% CI P value

Age 1.01 0.95-1.03 .568

Male sex 0.86 0.55-1.33 .488

BMI 0.98 0.92-1.04 .513

Type of surgery: Valve 1.76 0.83-3.71 .140

NYHA functional class 1.40 1.02-2.12 .041

MPT 0.97 0.94-1.01 .051

Frail 2.48 1.23-5.12 .028

MNA-SF 0.97 0.88-1.04 .333

EuroSCORE II 1.06 1.01-1.12 .039

Bolded P-values indicate P<.05. CI, Confidence interval; BMI, body mass index;

NYHA, New York Heart Association; MPT, maximum phonation time; MNA-SF,

Mini Nutritional Assessment Short-Form; EuroSCORE, European System for Car-

diac Operative Risk Evaluation.
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TABLE E2. Testing the mediation effect of postextubation dysphagia (PED) between maximum phonation time (MPT) and major adverse cardiac

and cerebrovascular event (MACCE)

Path Effect b SE P value

a MPT/PED �0.037 0.009 .0002

b PED/MACCE 0.340 0.081 .001

c (Direct effect) MPT/MACCE �0.020 0.010 .040

c’ (Total effect) MPT/MACCE �0.033 0.010 .001

a 3 b (Indirect effect) MPT/MACCE �0.012 0.004 .003

SE, Standard error; MPT, maximum phonation time; PED, postextubation dysphagia; MACCE, major adverse cardiac and cerebrovascular event.
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