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ABSTRACT

Objective: We sought to quantify the influence that tracheostomy placement has
on the hemodynamic stability of postoperative cardiac surgery patients with persis-
tent ventilatory requirements.

Methods: A retrospective, single-center, and observational analysis of postopera-
tive cardiac surgery patients with prolonged mechanical ventilation who underwent
tracheostomy placement from 2018 to 2022 was conducted. Patients were
excluded if receiving mechanical circulatory support or if they had an unrelated sig-
nificant complication 3 days surrounding tracheostomy placement. Vasoactive and
inotropic requirements were quantified using the Vasoactive-Inotrope Score.

Results: Sixty-one patients were identified, of whom 58 met inclusion criteria. The
median vasoactive-inotrope score over the 3 days before tracheostomy compared
with 3 days after decreased from 3.35 days (interquartile range, 0-8.79) to o days
(interquartile range, o-7.79 days) (P = .027). Graphic representation of this trend
demonstrates a clear inflection point at the time of tracheostomy. Also, after tra-
cheostomy placement, fewer patients were on vasoactive/inotropic infusions
(67.2% [n = 39] pre vs 24.1% [n = 14] post; P < .001) and sedative infusions
(621% [n = 36] pre vs 27.6% [n = 16] post; P < .001). The percent of patients
on active mechanical ventilation did not differ.

Conclusions: The median vasoactive-inotrope score in cardiac surgery patients
with prolonged mechanical ventilation was significantly reduced after tracheos-
tomy placement. There was also a significant reduction in the number of patients
on vasoactive/inotropic and sedative infusions 3 days after tracheostomy. These
data suggest that tracheostomy has a positive effect on the hemodynamic stability
of patients after cardiac surgery and should be considered to facilitate postopera-
tive recovery. (JTCVS Open 2024;18:138-44)
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Median vasoactive-inotropic scores every 8 hours
during the 72 hours before and after tracheostomy
placement (hours —72 to 72).

CENTRAL MESSAGE

We provide quantitative support
for the observation that trache-
ostomy improves hemodynamic
stability in patients with ventila-
tion requirement after cardiac
surgery.

PERSPECTIVE

Tracheostomy placement in cardiac surgery pa-
tients who require prolonged ventilation is asso-
ciated with reduced vasoactive and inotropic
medication infusion requirements. Tracheostomy
should be considered for postoperative cardiac
surgery patients as a means of improving hemo-
dynamic stability and recovery.

Acute respiratory failure is a major cause of morbidity and
mortality in patients after cardiac surgery.'” Prolonged
mechanical ventilatory support is associated with poor
clinical outcomes.”® Tracheostomy in critically ill patients
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requiring ventilation reduces total ventilation time, inten-
sive care unit (ICU) stay, and mortality and allows patients
to remain comfortable on fewer sedating medications.” '"
Mounting evidence supports the practice of early
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Abbreviations and Acronyms
ICU = intensive care unit
STS = Society of Thoracic Surgeons
VIS = vasoactive-inotropic score

tracheostomy in cardiac surgery patients.''”'* However,
little is known about the influence of tracheostomy on the
hemodynamic stability of patients undergoing cardiac
surgery.

High doses of inotropic and vasoactive medications are
associated with poor outcomes in cardiac surgery patients.'”
Recent studies in both pediatric and adult cardiac surgery
patients have established the use of the vasoactive-
inotrope score (VIS) to quantify the amount of vasoactive
and inotropic support required, and standardized it for use
as a predictive measure.'®'® VIS is a weighted sum of all
administered inotropes and vasopressors and has been
validated as a tool in cardiac surgery populations.'®'?*'

We have observed that patients undergoing cardiac sur-
gery with prolonged ventilation requirements have

postoperative complications, total mechanical ventilation time, and read-
mission rates. Chart review was conducted for each patient to collect vaso-
active, antiarrhythmic, and sedative infusion drugs and rates, mechanical
ventilation requirements, and hemodynamic data. Arterial line was used
as the primary method of hemodynamic monitoring. Noninvasive blood
pressure cuff was utilized if arterial line was not in place. Data were re-
corded at a point in time every 8 hours for 3 days before and after trache-
ostomy placement. Details of the tracheostomy procedure were taken from
the patient chart and STS database, including procedure location, days
from index cardiac surgery, anticoagulation dosing on the day of the pro-
cedure, complications, and tracheostomy decannulation status at discharge.
Three tracheostomies were performed in the operating room using an open
technique, and all others were performed in percutaneous fashion using
accepted technique as previously described by our group.”!

Statistical Analysis

Descriptive statistics were used to summarize the demographics and
clinical characteristics of the entire cohort with continuous variables being
reported as median value (IQR) and categorical variables reported as whole
number (% ). Characteristics of the tracheostomy procedures were summa-
rized in a similar fashion. The number of patients who required specific
vasoactive or inotropic drugs were reported as whole number (%). To
assess our primary outcome of the effect that tracheostomy has on vasoac-
tive supportive requirement; VIS was calculated at every 8 hours 3 days
before and after tracheostomy placement using the formula:*'**

VIS = dopamine dose [ug kg~' min~']+dobutamine [ug kg~ min~'|+100Xepinephrine dose

[ug kg™' min~']+50 levosimendan dose [ug kg™ min~']|+10Xmilrinone dose [ug kg™' min~']

+10 000X vasopressin dose [units kg™ min’l] +100X norepinephrine dose [,ug kg™ min"}

+10Xphenylephrine dose [,u,g kg min’l}

improved hemodynamic stability after tracheostomy place-
ment. We primarily sought to investigate if tracheostomy
placement does have an influence on VIS score and hemo-
dynamic stability. We also desired to quantify this effect, if
present, by measuring VIS pre- and posttracheostomy in a
cohort of patients undergoing cardiac surgery, and hypoth-
esized that a visual representation of the decreasing VIS in
this population would demonstrate an inflection point at the
time of tracheostomy.

METHODS
Study Design

The study protocol was approved by the Institutional Review Board
(August 19, 2022; No. 2022P001926) of Massachusetts General Hospital.
We conducted a retrospective observational cohort study of adult cardiac
surgery patients (aged 18 years or older) who were within our institutional
Society of Thoracic Surgeons (STS) database, required prolonged mechan-
ical ventilation as defined by the STS (>24 hours), and underwent trache-
ostomy placement from September 1, 2018, to May 31, 2022, for
respiratory failure at Massachusetts General Hospital. Patients were
excluded if they were on mechanical circulatory support or had an unre-
lated significant complication (such as abdominal compartment syndrome)
3 days before or after tracheostomy placement. The STS database was used
to capture patient age, gender, past medical history, procedure type, cardio-
pulmonary bypass time, aortic crossclamp time, operative mortality,

Median VIS and mean arterial pressure were compared for the 3 days
before and 3 days after tracheostomy utilizing a Wilcoxon signed-rank
test. The presence of vasoactive/inotropic, antiarrhythmic, and sedative in-
fusions as well as mechanical ventilation at 3 days pre-vs posttracheostomy
were represented as whole number (%) and compared utilizing McNemar
test. A 2-tailed P value < .05 was used to determine statistical significance.
Data were collected using REDCap software (Vanderbilt University), and
statistical analysis was performed using Stata 17 (StataCorp LLC) and R
Studio (R Foundation for Statistical Computing).

RESULTS
Patient Demographics and Clinical Characteristics
There were 4474 cardiac surgery patients during the time
frame that met criteria for the STS database. Sixty-one pa-
tients identified met inclusion criteria, 3 were excluded due
to either requiring mechanical circulatory support (n = 1)
or experiencing an unrelated significant complication
(n = 2) within the 3-day window before or after tracheostomy
placement. The majority of patients were men with a median
age of 68 years (IQR, 63-75.5 years) and body mass index of
28.0 (IQR, 25.0-30.9) (Table 1). The majority of patients
were current or former smokers; 36.2% had a history of
chronic lung disease; and 1 patient required home oxygen.
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TABLE 1. Patient demographics and clinical characteristics

TABLE 2. Characteristics of tracheostomy placement procedures

Characteristic

Patients (N = 58)

Demographics and characteristics

Age (y) 68 (63-75.5)
Men 36 (62.1)
Diabetes 24 (41.3)
BMI 28 (25.0-30.9)
Peripheral vascular disease 15 (25.8)
Cerebrovascular disease 23 (39.6)
History of heart failure 41 (70.7)
Smoking history
Never 19 (32.8)
Former 26 (44.8)
Current 13 (22.4)
Chronic lung disease (%) 21 (36.2)
Home oxygen 1(1.7)
Urgent/emergency procedure 39 (67.2)
Procedure
Isolated CABG 6 (10.3)
Isolated AVR 234
MVR/CABG 4(6.8)
AVR/MVR 5 (8.6)
Mitral valve repair 4 (6.8)
Other 37 (61.4)

Cardiopulmonary bypass time (min)
Crossclamp time (min)
Day of tracheostomy placement

216 (155.5-297.7)
145 (105.3-223.3)
12 (10-14)
(postoperative day)
ICU duration (h)
Index patient outcomes

Operative mortality
Mechanical ventilation (h)

578 (410-778)

13 (22.4)
482 (322.1.5-685)

ICU (h) 578 (410-778)
Pneumonia 33 (56.9)
Sepsis 14 (24.1)
Deep vein thrombosis 11 (19.0)
Pulmonary embolism 234
Renal failure 31 (53.4)
Atrial fibrillation 33 (56.8)
Stroke 6 (10.3)
Reoperation for bleeding 12 (20.7)
Readmission 16 (27.6)

Values are presented as median (interquartile range) or n (%). BMI, Body mass index;
CABG, coronary artery bypass grafting; AVR, aortic valve replacement; MVR, mitral
valve replacement; /CU, intensive care unit.

The median cardiopulmonary bypass time was 216 minutes
(IQR, 155.5-297.7 minutes), and aortic cross clamp time
was 145 minutes (105.3-223.3 minutes) (Table 1). Postoper-
atively, all patients required prolonged mechanical ventila-
tion of 24 hours or greater with a median ventilation time
of 482 hours (IQR, 322.1-685) (Table 1). The median postop-
erative day of tracheostomy placement was 12 days (IQR, 10-
14 days) (Table 1). The median number of hours spent in the
ICU was 578 hours (IQR, 410-778 hours) (Table 1). The all-
cause mortality from time of index operation until 30 days af-
ter surgery for the cohort was 22.4% (n = 13) (Table 1).
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Characteristic Result

Days from index cardiac surgery 13 (11-16)
Procedure location

Bedside 55 (94.8)

Operating room 3(5.2)
Anticoagulation on day of tracheostomy placement

Therapeutic 24 (44.8)

Prophylactic or subtherapeutic 26 (48.3)

None 4(6.9)
Complications

Bleeding requiring stopping anticoagulation 1(1.7)

Bleeding requiring stopping anticoagulation 1(1.7)

and bronchoscopy

Other complications™ 0 (0)

No complications 56 (96.6)
Requiring exchange of tracheostomy 2(3.4)

during the first 5 d

Tracheostomy decannulated before discharge
Yes 30 (51.7)
Values are presented as median (interquartile range) or n (%). *Other complications

include pneumomediastinum, pneumothorax, failure of tracheostomy placement,
subcutaneous emphysema, esophageal injury, and recurrent laryngeal injury.

Tracheostomy Characteristics

The majority of tracheostomy procedures (94.8%)
occurred at the bedside and were performed percutaneously
(Table 2). Therapeutic anticoagulation on the day of their
procedure was present in 44.8% of patients (Table 2). The
majority of patients (96.6%) experienced no postprocedure
complications (Table 2). The most common postprocedure
complication was bleeding, which 2 patients experienced
and required halting of their anticoagulation. Also, 1 of
these patients required bronchoscopy. Only 2 patients
required exchange of their tracheostomy within the first
5 days, and 30 (51.7%) of patients were decannulated
before discharge (Table 2).

Tracheostomy Placement Association With
Vasoactive and Inotropic Requirements

Norepinephrine was the most frequently used vasoactive
or inotropic medication with 91.4% of patients (n = 53)
requiring it, followed by vasopressin at 41.4% (n = 24)
and epinephrine at 24.1% (n = 14) (Table 3). The median
VIS decreased from 3.35 (IQR, 0-8.79) to 0 (IQR, 0-7.79)
in the 3-day period before compared with the 3-day period
after tracheostomy placement (P = .027) (Table 4 and
Figure 1). There were also fewer patients requiring vasoac-
tive (67.2% [n = 39] before vs 24.1% [n = 14] after
[P < .001]) and sedative (62.1% [n = 36] before vs
27.6% [n = 16] after [P < .001]) continuous infusions at
72 hours after tracheostomy placement compared with
72 hours before (Table 5). There was no difference in
mechanical ventilation, antiarrhythmic requirements, or
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TABLE 3. Patients requiring specific vasoactive drugs during the
72 hours before and after tracheostomy placement

TABLE 4. Comparison of vasoactive-inotropic score and mean
arterial pressure pre- and posttracheostomy

Vasoactive medication Result N (%)
Dopamine 2(3.4)
Dobutamine 2 (3.4)
Epinephrine 14 (24.1)
Milrinone 8 (13.8)
Norepinephrine 53 (91.4)
Phenylephrine 5 (8.6)
Vasopressin 24 (41.4)

Values are presented as n (%).

mean arterial pressure in the 3 days before and after trache-
ostomy placement (Table 4).

DISCUSSION

Most cardiac surgery patients do not require ventilatory
support beyond a few hours from the end of the procedure.
However, those who do have higher rates of morbidity and
mortality.' ***** Understanding which interventions best

JTCVS

OPEN

P
Measurement Pretracheostomy Posttracheostomy value*
Vasoactive-inotropic 3.35 (0-8.79) 0 (0-7.79) .027
score
Mean arterial 73 (68-78) 74 (68-81) 202
pressure

Values are presented as median (interquartile range). *Wilcoxon signed-rank test.

serve to rescue these patients is paramount. Our study
adds to the growing body of literature supporting the use tra-
cheostomy to aid in postoperative recovery of cardiac sur-
gery patients who require prolonged ventilation. We
demonstrate that tracheostomy placement in this cohort is
followed by a significant decrease in overall VIS and in
the number of patients requiring any vasoactive or inotropic
support. This analysis is consistent with the hypothesis that
tracheostomy placement has a positive influence on the he-
modynamic stability of postoperative cardiac surgery
patients.

@AATSHQ

Tracheostomy is Associated with Decreased Vasoactive-Inotropic Score in Postoperative Cardiac Surgery Patients on
Prolonged Mechanical Ventilation.

Tracheostomy tube
placemenbbetween
the second and third

tracheal rings ~§

58 postoperative cardiac surgery patients
with prolonged mechanical ventilation
underwent tracheostomy placement

15

The median (IQR) VIS over the 3 days before tracheostomy
compared to 3 days after decreased from 3.35 (0-8.79) to
0 (0-7.79) (P = .027).

When comparing results 3 days before and 3 days after
tracheostomy, fewer patients were on vasoactive/inotropic
infusions [67.2% (n = 39) pre versus 24.1% (n = 14) post (P < .001)]
and sedative infusions [62.1% (n = 36) pre versus 27.6% (n = 16)
post (P <.001)].

Vasoactive-Inotropic Scores Before and
After Tracheostomy

P value = .02734

Implications:

Tracheostomy has a beneficial effect
on the hemodynamic stability of
patients after cardiac surgery.

Tracheostomy should be considered
as one of many tools to facilitate
postoperative recovery for cardiac
surgery patients with prolonged
mechanical ventilation.

There has been insufficient equipoise
to support a randomized clinical trial
of early tracheostomy in
mechanically-ventilated cardiac

] surgery patients; we hope this

Retrospective, single-center, observational
study
10 +
Vasoactive-Inotropic Score (VIS) was
used to quantify

Median Vasoactive-Inotropic Score
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study will form the basis for that trial.

FIGURE 1. Graphical abstract.
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TABLE 5. Patients requiring vasoactive and sedative continuous infusions, mechanical ventilation, and antiarrhythmic requirements during the

72 hours before and after tracheostomy

Variable 72 h before tracheostomy At 72 h after tracheostomy P value*
Continuous sedative medication 36 (62.1) 16 (27.6) <.001
Continuous vasoactive medication 39 (67.2) 14 (24.1) <.001
Mechanically ventilation 47 (75.9) 49 (84.5) 814
Continuous antiarrhythmic 12 (20.7) 9 (15.5) 73

Values are presented as n (%). *McNemar test.

A previous study by Nieszkowska and colleagues'’
examined the effect of tracheostomy on sedative require-
ments and found there were fewer patients requiring contin-
uous sedative medication after tracheostomy placement.
Our study uses similar methods to show the association be-
tween tracheostomy placement and decreased vasoactive
and inotropic requirements. Our analysis also found that tra-
cheostomy placement was associated with decreased seda-
tive requirements. There was a peak in VIS on the day of
tracheostomy placement, which was likely due to sedation
and paralysis given with tracheostomy placement. Unlike
other studies, our cohort did not demonstrate a decrease
in short-term mechanical ventilation requirement after tra-
cheostomy placement.'”'**> This factor could be due to
limiting data collection to only 72 hours after tracheostomy.
Additionally, it is likely this patient population with signif-
icant complications, respiratory failure, and other comor-
bidities required more than 72 hours to gain the strength
and clinical stability needed to breathe spontaneously off
of mechanical ventilation.

All of the patients in our cohort had a tracheostomy
placed in percutaneous fashion in the ICU except for 3

patients who had open tracheostomies placed. Complica-
tions were infrequent and minimal. Only 2 patients experi-
enced a bleeding complication requiring intervention,
despite almost all patients being either therapeutically or
prophylactically anticoagulated on the day of the procedure.
There were no surgical site infections, esophageal injuries,
recurrent laryngeal nerve injuries, pneumothoraces, or
pneumomediastinums. Two patients required tracheostomy
exchange within 5 days of placement. Most patients were
decannulated before discharge.

The strength of our study is in the granularity of our data.
We were able to perform a careful chart review of every pa-
tient and gather precise information about hemodynamic
support and its relationship to tracheostomy placement.
Our study has limitations related to small sample size, retro-
spective and observational nature, and lack of a control
group. We did not believe that it was possible to construct
a control group from the population of patients who had pro-
longed ventilatory requirements but did not receive a trache-
ostomy because there were certain to be unmeasured
confounders for which no propensity score or other regres-
sion model could properly account. Previously, there was

15 1 P value = .02734
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FIGURE 2. Median vasoactive-inotropic scores every 8 hours during the 72 hours before and after tracheostomy placement (hours —72 to 72). Data are

expressed as median values and 75th percentiles (upper error bar of bar graph). Wilcoxon signed-rank test was used to compare the median vasoactive-

inotropic score pre- and posttracheostomy placement.
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insufficient equipoise to support a randomized clinical trial
of early tracheostomy in patients undergoing cardiac surgery
who are mechanically ventilated. We hope this study will
form the basis for that trial. This study did have a median
age of 68 years, which is younger than potentially would
be expected. This could be because older patients and their
families in this cohort with prolonged respiratory failure
and additional complications chose not to undergo tracheos-
tomy; however, these data were not examined in this study.

We are unable to draw from our study any conclusions
about the mechanism by which tracheostomy improves he-
modynamic stability in patients undergoing cardiac surgery,
nor to even prove that such a causal relationship exists.
Despite establishing temporal precedence and covariance,
we are unable to disqualify alternative explanations of this
phenomenon. It is possible that we are simply observing
the general trend in hemodynamic improvement that comes
with time and is incidental to tracheostomy placement, or
that tracheostomy placement is not requested until a trend
of hemodynamic stability is observed. However, our graphic
representation showing a clear inflection point in hemody-
namic stability immediately following tracheostomy place-
ment is consistent with the latter event precipitating the
former. With regard to mechanism, we suspect that a combi-
nation of decreased sedation burden and improved ventila-
tory compliance associated with tracheostomy placement
accounts for the observed effect. Further studies involving
invasive and noninvasive hemodynamic testing at the time
of tracheostomy will be helpful in providing clarity.

CONCLUSIONS

This study demonstrates that tracheostomy placement is
associated with improved hemodynamic stability in postop-
erative cardiac surgery patients who require prolonged me-
chanical ventilation (Figure 2). This population is at high
risk for morbidity and mortality, and tracheostomy should
be considered as among many tools to facilitate postopera-
tive recovery and improve overall outcome. However,
multicenter studies are needed to fully establish a causal
relationship between tracheostomy and improved hemody-
namic stability in patients undergoing cardiac surgery.
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