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Amiodarone use and prolonged mechanical ==

ventilation after cardiac surgery: a single-center
analysis
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Abstract

Background Prolonged mechanical ventilation (PMV) after cardiac surgery increases the risk of complications such
as pulmonary atelectasis and ventilator-associated pneumonia. This study aims to investigate the risk factors associ-
ated with delayed extubation, including the impact of cardiovascular medication.

Method This retrospective, single-center study analyzed 1,976 patients who underwent open heart surgery at Nan-
jing Drum Tower Hospital from October 2020 to January 2023. Patients were categorized into early extubation
(n=1071) and delayed extubation (n=905) groups. Multivariate logistic regression was employed to identify risk fac-
tors for delayed extubation. Amiodarone were indicated to be associated with delayed extubation. To further address
bias, we derived a propensity score predicting the function of Amiodarone on delayed extubation, and matched 228
cases to 684 controls with similar risk profiles.

Results Multivariate analysis confirmed that hypertension, stroke, amiodarone use, age, LVEF, CPB time, and DHCA
were significant predictors of delayed extubation. Postoperative use of amiodarone was significantly associated

with delayed extubation (OR:1.753, 95%Cl: 1.287-2.395, P<0.001). PSM analysis further confirmed that patients receiv-
ing amiodarone had longer ventilation times, prolonged hospital stays, and higher in-hospital mortality.

Conclusion Postoperative use of amiodarone is a significant predictor of delayed extubation, warranting careful
consideration in clinical practice. Further research is needed to clarify the causal relationship between amiodarone
use and extubation outcomes.
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Background

Prolonged mechanical ventilation (PMV) increases the
likelihood of pulmonary atelectasis and ventilator-associ-
ated pneumonia [1]. With no doubt that, PMV after heart
surgery was associated with an increased risk of mor-
bidity and mortality [2, 3]. Early extubation is a critical
component of the cardiac surgical pathway to enhance
recovery, allowing for early mobility and oral nutrition.
Successful early extubation strategies have also been
associated with reduced intensive care unit and hospi-
talization lengths [4]. There are different definitions of
early extubation times, with early extubation occurring
between 4—11 h postoperatively and delayed extuba-
tion occurring between 15-96 h postoperatively [5-7].
Currently, early extubation is not always possible for all
patients.

Studies have analyzed risk factors for delayed extu-
bation. Lynn V. Doering et al. found that patients aged
70 years or older were 11.25 times more likely to be intu-
bated for more than 8 h postoperatively than younger
patients, regardless of the surgeon or anesthesiologist
[8]. According to Gianfranco Sanson et al,, it is not advis-
able to extubate a patient until they have achieved safe
respiratory, oxygen saturation, and hemodynamic condi-
tions, as well as good neurocognitive function [9]. Several
post- and peri-operative variables have been purposed as
risk factors of delayed extubation, including preopera-
tive cardiac tamponade, central arterial cannulation for
cardiopulmonary bypass (CPB), postoperative stroke,
postoperative renal dysfunction that required temporary
hemodialysis, and re-exploration to stop bleeding [10].
However, there are still some shortcomings that need to
be addressed: the relatively small sample size, the singu-
larity of surgery type, and the lack of clarity regarding the
definition of delayed extubation time.

As the population ages, patients are more likely to
experience postoperative arrhythmias that require con-
trol with medications such as amiodarone [11]. Study
showed that every 10-year increase in age is associated
with a 75% increase in the odds of developing atrial fibril-
lation [12]. A retrospective study of over 15,000 patients
revealed that the prevalence of postoperative atrial fibril-
lation following cardiac surgery was as high as 58.1% in
individuals aged 60 and above, in comparison to 14% in
those below 50 years of age [13]. Studies have shown that
amiodarone is pulmonary toxic and may induce pulmo-
nary fibrosis, and that postoperative use of amiodarone
may affect time on the ventilator. Up until now, there is
a lack of studies discussing the impact of postoperative
amiodarone use on extubation time.

Based on data from nearly 2,000 cardiac surgery
patients in our center, this study aimed to investigate the
risk factors for delayed extubation after cardiac surgery.
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The findings would assist clinicians in predicting postop-
erative surgical complications and optimizing the use of
limited medical resources.

Methods

Study design

This retrospective, single-center study was conducted
at Nanjing Drum Tower Hospital, including 1976 con-
secutively selected patients who underwent open heart
surgery from October 2020 to January 2023. This study
was approved by the Ethics Committee of Nanjing Drum
Tower Hospital (approval number: 2020-249-01).

The study included patients who had open heart sur-
gery under general anesthesia with tracheal intubation.
The following patients were excluded: 1) preoperative
temperature >38 °C, 2) those who underwent cardio-
vascular surgery due to trauma, infective endocarditis,
tumors, and malignant tumors, 3) preoperative infected
patients, 4)patients diagnosed with inflammatory
immune disorders or connective tissue disorders, 5)
pregnant or breastfeeding patients, 6)without informed
consent, 7)patients who died in the ICU, 8) patients who
required secondary intubation.

Patient management

All patients were transferred to the ICU of the cardiac
surgery department for postoperative monitoring and
treatment. Patients were considered ready for an initial
spontaneous-breathing trial if they met the following
weaning criteria: a respiratory rate of 35 breaths per min-
ute or lower; adequate oxygenation, defined as either an
oxygen saturation of at least 90% (obtained during ven-
tilation with a fraction of inspired oxygen [Fio2] of <40%
and a positive end-expiratory pressure (PEEP) of<8 cm
of water) or a ratio of partial pressure of arterial oxy-
gen (Pao2) (measured in mm Hg) to Fio2 of at least 150
(obtained during ventilation with a PEEP of<8 cm of
water); adequate cough; an awake state; no use of con-
tinuous sedation; and no use of vasopressors (or use of
minimal doses).

Spontaneous breathing for 30 min through a ventila-
tor in continuous positive airway pressure (CPAP) mode
with a PEEP of 5 cm H2O.Then the following seven items
are checked: (1) Respiratory rate (RR) > 35/min for 5 min
or more. (2) Rapid shallow breathing index (RSBI)>100
cycles/min/L. (3) Sa02<90% for 5 min or more. (4)
Heart rate (HR)>120/min, or sustained increase 20%
greater than baseline. (5) Systolic blood pressure <90 mm
Hg or>180 mm Hg for 5 min or more. (6) Emergence of a
chest pain or a new electrocardiogram change. (7) Dysp-
nea, increased anxiety, and diaphoresis. In the event that
none of the aforementioned conditions is met, the SBT
test is deemed a success and the extubation assessment is
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initiated [14—16]. Uniform use of mask oxygenation was
applied after tracheal extubation. The patients were clas-
sified into two groups based on the duration of mechani-
cal ventilation: the early extubation group (mechanical
ventilation time <12 h) and the delayed extubation group
(mechanical ventilation time>12 h). This creates a bal-
anced match in terms of numbers. In this study, nearly
90% of the patients had ventilation times of less than
26 h. When using 48 h postoperatively as the criterion
for delayed ventilation grouping, the delayed ventilation
group may be more skewed towards critically ill patients,
with only a small number of cases.

Statistical analysis

R version 4.3.1 was used for statistical analysis. Quan-
titative variables were assessed for normality using the
Shapiro—Wilk test. Those conforming to a normal dis-
tribution were expressed as mean+standard deviation
(SD), and t-tests were used to compare between groups.
Nonparametric continuous variables were expressed as
median (interquartile range (IQR)) and compared using
the Mann—Whitney U test. Qualitative variables are
expressed as percentages (%) and compared using the
chi-square test or Fisher’s exact test. Multifactor logistic
regression incorporating indicators that reached statisti-
cal significance in univariate analysis (P<0.1).

It was found that the use of amiodarone after cardiac
surgery (p<0.001) was significantly associated with
delayed extubation. To reduce confounding factors, we
used a propensity matching score (PSM) for 1:3 match-
ing. We selected variables with standardized mean dif-
ference (SMD)>0.2 in the univariate analysis, including
age (SMD=0.198), hypertension, emergency, surgery
type, LVEE, CPB, ACC, DHCA, plasma, and platelet, with
the use of amiodarone after the current operation as the
dependent variable. SMD <0.20 between matching pairs
indicates acceptable balance. All reported P values are
two-sided, and values of P<0.05 were considered statisti-
cally significant.

Result

Baseline and univariate analysis

A total of 1976 patients were included in the study. The
patients were divided into two groups based on the dura-
tion of postoperative mechanical ventilation: those ven-
tilated for<12 h (1071 patients) and those ventilated
for>12 h (905 patients). Age, gender, drink, hyperten-
sion, stroke, CKD, MI, history of cardiac surgery, LVEF,
emergency surgery, surgery type, CPB, ACC, DHCA,
RBC, plasma, platelet, amiodarone are correlated with
duration of mechanical ventilation. The baseline data for
both groups are detailed in Tables 1 and 2.
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Multivariate analysis

To further explore the risk factors for prolonged ven-
tilator time, variables with P<0.10 in the univariate
analysis were included in the multivariate logistic regres-
sion analysis. Those that were statistically significant
included: hypertension (OR:1.389, 95%CI: 1.133-1.701,
P=0.002), stroke (ORL.701:;, 95%CI: 1.135-2.562,
P=0.010), amiodarone (OR:1.753, 95%CI: 1.287-2.395,
P<0.001), age (OR:1.015, 95%CI: 1.007-1.024, P<0.001),

LVEF (OR:0.971, 95%CIL: 0.958-0.983, P<0.001),
CPB  (OR:1.005, 95%CI: 1.001-1.008, P=0.005),
DHCA(OR:1.023, 95%CIL: 1.010-1.038, P=0.001),
plasma(OR:1.001, 95%CI: 1.001-1.001, P<0.001).

Detailed results of the multifactor logistic analysis are
shown in Fig. 1.

Propensity matching analysis

Study revealed that the postoperative use of amiodarone
was a risk factor for delayed extubation. To better con-
trol for confounding factors, we matched patients who
never use amiodarone postoperatively with those who
used it in a 3:1 ratio. Before matching, the SMD values
of age, hypertension, emergency, surgery type, LVEF,
CPB, ACC, DHCA, plasma, and platelet were 0.198,
0.284, 0.429, 0.459, 0.227, 0.503, 0.455, 0.490, 0.644 and
0.427, respectively. After matching, the SMD values were
0.019, 0.015, 0.004, 0.151, 0.010, 0.004, 0.010, 0.011, 0.031
and <0.001. SMD before and after matching was shown
in Fig. 2. The balance between the two groups was good,
and the information of perioperative baseline and char-
acteristics in PSM cohort is shown in Online supplement
Table 1. Patients who were administered postoperative
amiodarone had a higher proportion of cardiac surgery
history (3.5% vs 7.9%, P=0.011), an increased probability
of postoperative ventilator time exceeding 12 h (49.1% vs
60.5%, P=0.004), prolonged LOS (17.00 [13.00,21.00] vs
19.00 [16.00,24.00], P<0.001), and increased in-hospital
mortality (0.9% vs 4.4%, P=0.001). However, there was
no statistically significant difference in ICU length of stay
(3.00 [2.00,4.00] vs 3.00 [2.00,5.00], P=0.125) (Online
supplement Table 2). The multifactorial logistic regres-
sion analysis of matched patients is shown in Table 3.

Subgroup analysis

To better reveal differences in outcomes based on the
type of cardiac surgery, we performed a subgroup anal-
yses and the results are shown in Fig. 3. The findings
indicated that amiodarone was a risk factor for delayed
extubation for all surgical types, after adjusting for con-
founding variables (hypertension, stroke, amiodar-
one, age, LVEF, CPB, DHCA and plasma). Subgroup
analysis revealed that Isolated CABG (OR: 2.42, 95%Cl:
1.01-5.82, P=0.047), AVR or MVR (OR: 2.13, 95%CI:
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Table 1 Perioperative baseline and characteristics
Variable Early Extubation= Delayed Extubation P
(n=1071) (n=905)
Preoperative variable
Age (year) 58.00 [50.00, 67.00] 61.00 [52.00, 69.00] <0.001
Gender (male) 611 (57.0) 564 (62.3) 0.020
BMI (kg/m)Z 23.80 [22.00, 26.30] 24.20[21.90, 26.60] 0.256
Smoke 124(11.6) 106 (11.7) 0.982
Drink 80 (7.5) 95 (10.5) 0.023
Hypertension 434 (40.5) 494 (54.6) <0.001
Diabetes 136 (12.7) 109 (12.0) 0.711
Stroke 51 (4.8) 70(7.7) 0.008
COPD 5(0.5) 4(04) 1
CAD 238 (22.2) 186 (20.6) 0.398
MI 20(1.9) 29(3.2) 0.079
CKD 14(1.3) 28(3.1) 0.010
History of cardiac surgery 43 (4.0) 59(6.5) 0.016
PCl 19(1.8) 22(24) 0.389
LVEF (%) 55.00 [53.00, 58.00] 55.00 [48.00, 58.00] <0.001
Operative variable
Emergency 42 (3.9) 151(16.7) <0.001
Surgery type <0.001
Isolated CABG 167 (15.6) 131(14.5)
AVR or MVR 476 (44.4) 277 (30.6)
AVR+MVR 122(114) 112(124)
Valvular surgery + CABG 46 (4.3) 74(8.2)
Thoracic aortic surgery 165 (15.4) 271(29.9)
Others 95 (8.9) 40 (4.4)
CPB (min) 114.00 [77.00, 148.00] 149.00 [106.00, 192.00] <0.001
ACC (min) 78.00 [44.00, 108.00] 104.00 [69.00, 140.00] <0.001
DHCA (min) 0.00 [0.00, 0.00] 0.00 [0.00, 14.00] <0.001
RBC (unit) 0.00[0.00, 3.00] 3.00[0.00, 6.00] <0.001
Plasma (ml) 0.00 [0.00, 500.00] 450.00 [0.00, 750.00] <0.001
Platelet (unit) 0.00[0.00, 0.00] 0.00[0.00, 1.00] <0.001

COPD:Chronic obstructive pulmonary disease, CAD Coronary Artery Disease, Ml Myocardial infarction, CKD Chronic kidney disease, PCI Percutaneous coronary
intervention, LVEF Left ventricular ejection fraction, CABG Coronary artery bypass grafting, AVR Aortic valve replacement, MVR Mitral valve replacement, CPB
Cardiopulmonary bypass, ACC Aortic cross clamp, DHCA Deep hypothermic circulatory arrest, RBC Red blood cell

Table 2 Postoperative characteristics

Variable Early Extubation=(n=1071) Delayed Extubation(n=905) P
Postoperative variable
Amiodarone 90 (8.4) 138(15.2) <0.001
Mechanical ventilation Time (hour)  6.00 [4.00, 7.50] 20.00 [16.00, 26.00] <0.001
LOS (day) 16.00 [13.00, 19.00] 17.00 [14.00, 23.00] <0.001
ICU (day) 2.00 [2.00, 3.00] 3.00[2.00, 5.00] <0.001
Death in hospital 3(0.3) 31(34) <0.001

LOS Length of stay, ICU Intensive care unit
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CPB
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P
0.003
0.01
<0.001
0.001
<0.001
<0.001
<0.001
0.001
<0.001

Fig. 1 Multivariate analysis of factors associated with delayed extubation, with 95% confidence intervals (Cl), showed that amiodarone
was associated with delayed extubation (1.753, 95%Cl:1.287-2.395, P<0.001)
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Discussion
This investigation elucidates that hypertension, stroke,
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aortic surgery (OR: 1.54, 95%CI: 0.72-3.29, P=0.260), no
statistically significant associations were identified.

pulmonary bypass (CPB), increasing age, decreased LVEF,
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Table 3 Multivariate analysis of factors associated with delayed
extubation in propensity-matched cohort

Variable Odds Ratio 95% Confidence PValue
Interval

amiodarone 1.797 1.278-2.536 0.001
age 1.025 1.010-1.039 0.001
LVEF 0.968 0.948-0.987 0.001
CPB 1.010 1.002-1.018 0.016
DHCA 1.033 1.012-1.058 0.003
RBC 1.213 1.117-1.323 <0.001

prolonged CPB and DHCA, and increased plasma usage
have been identified as risk factors for delayed ventilator
time. After adjusting for potential biases, the multifacto-
rial analysis still indicated that amiodarone administra-
tion was still associated with delayed extubation.
Multivariate regression modeling showed that hyper-
tension, stroke, amiodarone, CPB, age, LVEF, CPB time,
and DHCA were independent predictors of PMV. As age,
LVEE, CPB time, and DHCA were analyzed as continu-
ous variables, an increase of one unit corresponds to an
increase in the odds ratio (OR). CPB alters hepatic and
renal clearance mechanisms, thereby affecting the phar-
macokinetics of opioids following extracorporeal cir-
culation. These changes may increase the occurrence
of neurological abnormalities, such as somnolence and
delirium, particularly in elderly patients. Addition-
ally, extubation may be delayed due to the correspond-
ing demands on the patient’s mental state. Older age,
increased tissue brittleness, and surgical complexity
can all increase CPB time. This is supported by Wong
DT et al’s study [17]. Previous studies have often used a
specific age as a threshold for increased risk of delayed
extubation. However, our study analyzed age as a
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continuous variable and found that the risk of delayed
extubation increases with age. This approach provides a
more nuanced understanding of the relationship between
age and delayed extubation. The use of amiodarone post-
operatively may indicate the presence of cardiac arrhyth-
mia in the patient. At the same time, amiodarone can
also cause pulmonary fibrosis, which affects pulmonary
ventilation and gas exchange, leading to decreased oxy-
genation and prolonged extubation time. Studies indicate
that treatment with amiodarone for more than 48 h may
increase the risk of acute pulmonary toxicity [18-20].

Francesca Cislaghi et al. identified several independ-
ent predictors of PMYV, including CCS or NYHA score
higher than 2, LVEF of 30% or less, COPD, CKD, under-
going redo or emergency surgery, CPB time more than
77 min, and RBC or FFP transfusion more than 4 units”.
All variables included in the univariate analysis were also
included in the multivariate analysis. Our study found
no statistical differences between COPD and CKD in the
univariate analysis. This may be due to patient popula-
tion heterogeneity. However, studies have shown that
creatinine or estimated glomerular filtration rate (eGFR)
is a strong predictor of failure to extubate in operating
room. This suggests the possibility of further subdividing
CKD to facilitate the detection of intergroup differences
[21-23]. Three studies didn’t identify stroke as a risk fac-
tor for delayed extubation [17, 23, 24]. Our analysis did
not find emergency, RBC, and plasma infusion to be risk
factors for delayed extubation. The absence of emergency
surgery can be attributed to the expertise of our cardiac
surgery team. However, our findings regarding RBC and
plasma infusion contradict several previous studies, and
we were unable to provide a plausible explanation for this
discrepancy.

Variables n (%) Non-Amiodarone Amiodarone OR (95%CI) P P for interaction
No. of events/ No. of total 3
All patients 1976 (100.00) 767/1748 138/228 1.76 (1.30 ~ 2.40) E —a <.001
Procedure name 3 0.138
1 298 (15.08) 112/269 19/29 242 (1.01 ~5.82) — 0.047
2 753 (38.11) 230/665 47/88 2.13(1.33 ~3.42) E — 0.002
3 234 (11.84) 102/209 10/25 0.63 (0.25 ~ 1.59) I—l—"—| 0.333
4 120 (6.07) 64/105 10/15 0.64 (0.16 ~ 2.59) I—I—E—> 0.532
5 436 (22.06) 227/380 44/56 1.54 (0.72 ~ 3.29) I—;—I—> 0.260
6 135 (6.83) 32/120 8/15 4.44 (1.26 ~ 15.60) f — 0.020
0 VR

Worse better

Fig. 3 Treatment effect on delayed extubation by subgroup, showed that amiodarone was a risk factor for delayed extubation for all surgical
types, after adjusting for confounding variables (hypertension, stroke, amiodarone, age, LVEF, CPB, DHCA and plasma). Subgroup analysis revealed
that Isolated CABG (OR: 2.42, 95%Cl: 1.01-5.82, P=0.047), AVR or MVR (OR: 2.13, 95%Cl: 1.33-3.42, P=0.002), and Others (OR: 4.44, 95%Cl: 1.26-15.6,
P=0.020), suggesting that amiodarone were identified as risk factors for delayed extubation in these three surgical categories. In the case

of AVR+MVR (OR: 0.63, 95%Cl: 0.25-1.59, P=0.333), Valvular surgery + CABG (OR: 0.64, 95%Cl: 0.16-2.59, P=0.532), and thoracic aortic surgery (OR:
1.54,95%(Cl: 0.72-3.29, P=0.260), no statistically significant associations were identified
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The propensity-matched cohort study indicated that
patients who received postoperative amiodarone had
longer ventilator use, longer hospital stays, and higher in-
hospital mortality rates, all else being equal. Multifacto-
rial regression analysis also identified amiodarone as the
most significant risk factor. Therefore, caution should be
exercised when using amiodarone postoperatively.

Subgroup analyses indicated that amiodarone was a
risk factor for delayed extubation for all surgical types
and revealed that amiodarone were identified as risk fac-
tors for delayed extubation in these three surgical cate-
gories (Isolated CABG, AVR or MVR and Others). It is
acknowledged that the serial effects of relatively complex
types of surgery have the capacity to affect the effect of
amiodarone on delayed extubation to a certain extent.
This is evidenced by the observed OR less than 1 and
non-significant p-values. Consequently, further studies
will be conducted with the objective of analysing the data
on a larger sample.

Our study has several limitations. First, our study was
limited by its single-center and retrospective design,
which may have resulted in regional specificity. Although
inclusion indicators such as anesthetic drug use and pre-
operative albumin status could have improved accuracy,
their inclusion would have required a significant amount
of work and may have introduced unknown bias. We
anticipate that future studies will continue to improve
upon these limitations. Secondly, we collected data on
other medications at the beginning, including diuretics,
anticoagulants, antiplatelet agents, and antihypertensive
medications. They were not included in the formal sta-
tistics due to bias caused by the influence of the patient’s
history and the type of surgery, which may neglect their
impact on the ventilator time. Thirdly, the analysis con-
sidered amiodarone, a drug used for arrhythmia, as
a potential risk factor for prolonged ventilator time.
However, it is important to note that the study did not
establish a causal link between delayed extubation and
amiodarone use. It is unclear whether the use of ami-
odarone led to impaired lung function and therefore the
need for prolonged ventilation, or if the prolonged extu-
bation was due to hemodynamic instability and other
factors in patients with arrhythmia. The next step is to
collect information on preoperative amiodarone use and
preoperative cardiac rhythm variability. Additionally, it is
important to clarify whether the observed arrhythmia is a
new postoperative occurrence for further analysis.

Conclusion

Risk factors for prolonged ventilator time after cardiac
surgery include hypertension, stroke, amiodarone use,
CPB, age, LVEF, CPB time, DHCA, and plasma. Postop-
erative use of amiodarone may be a significant predictor
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of delayed extubation, but the intrinsic link needs to be
further investigated.
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