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Background: This study aimed to identify risk factors for prolonged mechanical ventilation (PMV) and its
association with disease prognosis following acute DeBakey type I aortic dissection surgery.

Methods: A total of 582 patients who received emergency surgery for acute DeBakey type I aortic
dissection from 2014 to 2018 were enrolled in this study. Mechanical ventilation period after surgery longer
than 48 hours was defined as postoperative PMV. Multiple logistic regression analysis was used to identify
risk factors for PMV. This study also compared short- and long-term outcomes in patients who developed
PMV with patients who did not develop this complication. To identify and compare long-term cumulative
survival rate, Kaplan-Meier survival curve was plotted.

Results: Among all enrolled patients, 259 (44.5%) received PMV treatment. Our data suggested that the
length of intensive care unit and hospital stay were longer for patients who received PMV treatment. Thirty-
day mortality was also higher in patients with PMV than in patients without PMV. Elevated leukocyte
count and increased serum cystatin C level upon admission, lower preoperative platelet count and longer
cardiopulmonary bypass (CPB) duration were identified as risk factors for PMV. Interestingly, our data
suggested that there was no significant difference of survival rate between patients with or without PMV
history.

Conclusions: PMV after DeBakey type I aortic dissection repair surgery was a common complication
and associated with increased short-term mortality rate but did not affect long-term mortality rate. Elevated
preoperative leukocyte count, increased preoperative serum cystatin C level, lower preoperative platelet

count and longer CPB duration were risk factors for PMV.
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Introduction I aortic dissection are more likely to experience

Acute DeBakey type I aortic dissection is a cardiovascular perioperative hemodynamic instability, transfusion and

catastrophic event with high mortality that requires other postoperative complications such as respiratory
emergency repair surgery. Compared to other dysfunction (1) The respiratory dysfunction can be severe
cardiovascular disease, patients with DeBakey type and often requires prolonged mechanical ventilation
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(PMV). Patients who received PMV were associated with
longer intensive care unit (ICU) stay and worse prognosis
(2-4). Identification of PMV risk factors may allow for
optimization of perioperative management strategies and
eventually improve clinical outcomes.

Several studies have been conducted to identify risk
factors for and prognosis of PMV following other types of
cardiac surgery (2). In cardiac revascularization and valve
surgery, variables such as older age, chronic obstructive
pulmonary disease, emergency surgery, and longer
cardiopulmonary bypass (CPB) time were identified as
predictors for PMV. PMV was also proved to associate
with increased hospital stay, mortality and, consequently,
costs in this study (5). While for type A aortic dissection
(TAAD) aortic repair surgery, lower preoperative platelet
count and a higher serum lactate level were risk factors for
PMV (4). Postoperative longer intubation duration was also
associated with poor long-term survival in adult patients
undergoing surgery for TAAD (6). However, little is known
about patients who received PMV treatment after acute
DeBakey type I aortic dissection surgery. This retrospective
study aimed to identify risk factors for PMV following
acute DeBakey type I aortic dissection surgery and to
assess its influence on both short- and long-term outcomes.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2736).

Methods
Patients

The Ethics Committee of Nanjing University approved this
study (No. BL2014004) and waived the need for individual
informed consent considering the retrospective nature of
the study. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). Aortic
dissection was defined as acute if chest pain or other related
symptoms were presented less than 14 days before the
operation. A total of 597 patients with acute DeBakey type
I aortic dissection underwent emergency surgery at the
authors’ hospital between January 2014 and December 2018
were retrospectively screened for the study. Surgery was
performed after a mean of 17.0 h after symptoms onset. The
diagnosis of DeBakey type I aortic dissection was confirmed
with computed tomographic angiography. Ten patients
who died within 24 h after surgery and 5 patients who did
not have complete postoperative data were excluded from
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the study. A total of 582 patients (433 men, 149 women)
with a median age of 52.0 (43.8, 61.0) years were eventually
included in this study. PMV was defined as total intubation
and ventilation time for at least 48 hours at any time
during the postoperative stay. Preoperative routine blood
examinations such as leukocyte count and platelet count
were recorded based on the results of the initial laboratory
test after admission before surgery.

Surgical procedures

The surgical procedures has been described in detail
previously (7,8). In brief, all procedures were carried
out with median sternotomy and total CPB. The right
axillary artery was dissected for CPB and selective cerebral
perfusion. During the cooling phase, the ascending aorta
was clamped. Cold blood cardioplegia was infused by both
anterograde and retrograde infusion method. Arch repair
method including hemiarch replacement, island arch
replacement, total arch replacement, triple-branched stent
and fenestrated stent were selected as appropriate.

Respiratory weaning protocol

All patients were transferred to ICU and received
mechanical ventilation (pressure-control mode) at an
appropriate inspired oxygen fraction to maintain arterial
oxygen saturation >95% after surgery. The extubation
criteria were determined as follow: full weakness, stable
hemodynamics without excessive bleeding, normal acid-
base balance, complete recovery from muscle relaxation,
tidal volume >6 mL/kg, respiratory rate <30/min, arterial
oxygen tension >200 mmHg, and arterial carbon dioxide
tension <50 mmHg (4). If patients experienced hypoxemia
after extubation, non-invasive positive-pressure ventilation,
or high flux inhalation of oxygen was applied.

Statistical analysis

Data analysis was performed using SPSS software (Version
25.0, IBM Corp., Armonk, NY, USA). All continuous
variables were expressed as mean = standard deviation or
median (interquartile range) based on whether the variables
were normally distributed and compared with Student #-test
(normal distribution) or Mann-Whitney U-test (non-normal
distributions). Numbers (percentage) were compared with
Pearson chi-square or Fisher exact test. Risk factors for
PMV were identified using binary logistic regression model.
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Table 1 Comparison of preoperative variables
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Variables Total (n=582) PMV (n=259) Non-PMV (n=323) P value®
Demographic data
Age (year) 52.2+12.7 53.6+12.4 51.1+12.8 0.027
Male (%) 433 (74.4) 191 (73.3) 242 (74.9) 0.746
BMI (kg/m?) 25.5+5.0 26.5+5.0 25.0+5.0 0.003
Medical history
Hypertension (%) 413 (71.0) 192 (74.1) 221 (68.4) 0.132
Diabetes mellitus (%) 11 (1.9 4(1.5) 7(2.2) 0.762
Previous cardiac surgery (%) 28 (4.8) 7(2.7) 21 (6.5) 0.033
Previous coronary artery disease (%) 21 (3.6) 13 (5.0) 8 (2.5) 0.102
Cerebrovascular disease (%) 20 (3.4) 9 (3.5) 11 (3.4) 0.964
LVEF (%) 57.0 (54.0, 60.0) 57.0 (65.0, 59.0) 57.5 (54.0, 60.0) 0.559
Pericardial effusion (%) 21(3.6) 12 (4.6) 9(2.8) 0.235
Preoperative laboratory data
WBC (10°/L) 11.1+4.1 11.6+4.3 10.8+3.8 0.015
PLT (10°/L) 145.2+67.5 128.6+64.4 158.5+67.0 <0.001
Hb (g/L) 119.2+25.9 114.7+26.8 122.8+24.6 <0.001
CRP 27.7 (5.4, 89.5) 31.2 (5.6, 101.9) 26.2 (5.2, 83.1) 0.163
PCT 1.0 (0.3, 3.6) 1.7 (0.5,6.2) 0.7 (0.2,2.4) <0.001
sCr (umol/L) 102.6+72.1 120.0+84.8 88.6+56.3 <0.001
sCyC 1.1£0.7 1.3+0.8 1.0+0.6 <0.001
ALB (g/L) 36.2+4.9 35.5+5.2 36.9+4.6 <0.001
Fibrinogen (g/L) 2.3(1.6,3.2) 2.1 (1.5,2.9) 2.4(1.8,3.4) <0.001
Triglyceride (mmol/L) 1.0 (0.7, 1.5) 1.1(0.8,1.7) 1.0(0.7,1.4) 0.009
D-dimer (ng/mL) 4.5(2.4,9.3) 5.3 (2.7, 13.0) 41 (2.2,7.7) 0.002

Data presented as n (%); median (IQR). ? P values indicate differences between PMV and Non-PMV groups. P<0.05 was considered
statistically significant. PMV, prolonged mechanical ventilation; BMI, body mass index; LVEF, left ventricular ejection fraction; WBC, white

blood cell; PLT, platelet; Hb, hemoglobin; CRP, c reactive protein; sCr, serum creatinine; sCyC, serum cystatin C; ALB, albumin;

Variables associated with PMV that had a P value <0.20 in
the univariable analysis were further examined using binary
logistic regression (stepwise enter method). Survival rate
was estimated with Kaplan-Meier plot, and intergroup
comparisons were examined by log-rank test. P value <0.05
was considered to be statistically significant.

Results

The preoperative characteristics of all 582 patients were
summarized in Table 1. Among all enrolled patients, 259
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(44.5%) required PMV. Our data suggested that the
following preoperative variables were significantly different
between patients with PMV and without PMV: years of
age (P=0.027), BMI (P=0.003), leukocyte count (P=0.015),
hemoglobin (P<0.001), platelet count (P<0.001), serum
creatinine (P<0.001), serum cystatin C (sCyC) (P<0.001),
albumin (P<0.001), fibrinogen (P<0.001), triglyceride
(P=0.009) and D-dimer (P=0.002).

As presented in Table 2, intraoperative features like CPB
time (P<0.001), aortic cross-clamp time (P=0.011), and deep
hypothermic circulatory arrest (DHCA) time (P=0.004)
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Variables Total (n=582) PMV (n=259) Non-PMV (n=323) P value®
TAR (%) 368 (63.2) 165 (63.7) 203 (62.8) 0.831
CABG/MVR/MVP/TVP (%) 53 (9.1) 30 (11.6) 23 (7.1) 0.063
Aortic valve (%) 155 (26.6) 63 (24.3) 92 (28.5) 0.259
CPB time (min) 245.2+69.3 259.7+69.1 233.8+67.5 <0.001
Aortic cross-clamp time (min) 170.7+59.5 177.4+62.8 165.4+56.3 0.011
DHCA time (min) 29.9+12.2 31.3+11.7 28.8+12.5 0.004

Data presented as n (%); median (IQR). ? P values indicate differences between PMV and Non-PMV groups. P<0.05 was considered
statistically significant. TAR, total arch replacement; CABG, coronary artery bypass graft; MVR, mitral valve replacement; MVP, mitral
valvuloplasty; TVP, tricuspid valvuloplasty; CPB, cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest.

Table 3 Comparison of postoperative variables

Variables Total (n=582) PMV (n=259) Non-PMV (n=323) P value®
Drainage volume 24 h after surgery (mL) 570.0 (315.0, 1,000.0)  700.0 (350.0, 1,300.0) 500.0 (300.0, 820.0) <0.001
Re-exploration for bleeding (%) 25 (4.3) 9(3.5) 16 (5.0 0.382
Dialysis (%) 96 (16.5) 68 (26.3) 28 (8.7) <0.001
Stroke (%) 49 (8.4) 21 (8.1) 28 (8.7) 0.809
Paraplegia (%) 17 (2.9) 10 (3.9) 7(2.2) 0.228
Deep sternal wound infection (%) 9(1.5) 5(1.9 4(1.2) 0.521
30-day mortality (%) 71 (12.2) 47 (18.1) 24 (7.4) <0.001
ICU stay time (day) 5.0 (3.0, 8.0) 8.0 (6.0, 13.0) 4.0 (3.0, 5.0) <0.001
Hospital stay time (day) 22.7+12.2 24.6+13.5 21.1+10.9 <0.001

Data presented as n (%); median (IQR). ? P values indicate differences between PMV and Non-PMV groups. P<0.05 was considered
statistically significant. PMV, prolonged mechanical ventilation; ICU, intensive care unit.

were significantly prolonged in patients with PMV.

The postoperative features and morbidities were
shown in Table 3. We discovered that patients with PMV
had more drainage volume 24 h after surgery (P<0.001),
higher dialysis rate (P<0.001), increased 30-day mortality
(P<0.001), longer ICU (P<0.001) and hospital stays
(P<0.001).

Multivariable analysis indicated that elevated
preoperative leukocyte count (OR 1.103; 95% CI: 1.008—
1.206; P=0.033), higher level of preoperative serum cystatin
C (sCyC) [odds ratio (OR) 2.337; 95% confidence interval
(CD): 1.249-4.373; P=0.008], lower preoperative platelet
count (OR 0.990; 95% CI: 0.982-0.998; P=0.013) and
longer CPB duration (OR 1.011; 95% CI: 1.001-1.022;
P=0.028) were independent predictors for PMV (Table 4).

By December 2019, 508 of 582 (87.3%) patients had
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been followed up with a median of 29 months. Thirty-
eight patients were lost from the cohort and excluded from
the survival analysis. Thirty-two patients died during the
follow-up period with 16 in each group. Kaplan-Meier
survival analysis suggested that there was no significant
difference of cumulative survival rate between patients with

or without PMV (P=0.728) (Figure I).

Discussion

PMV after cardiac surgery is a common yet frightening
complication (6) that might result from respiratory failure,
neurologic insult, or systemic sepsis. To investigate the risk
factors for and outcomes of PMV after DeBakey type 1
aortic dissection repair surgery, we retrospectively reviewed
a total of 582 patients and discovered that this complication
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Table 4 Binary logistic regression analysis on factors for the groups with and without PMV

Variables OR 95% CI P value
Age 1.022 0.994-1.050 0.124
BMI 1.105 0.987-1.147 0.105
Hypertension 0.807 0.383-1.697 0.571
Previous coronary artery disease 3.081 0.235-40.369 0.391
WBC 1.103 1.008-1.206 0.033
Hb 0.988 0.973-1.004 0.130
PLT 0.990 0.982-0.998 0.013
CRP 0.999 0.993-1.005 0.840
sCr 0.999 0.995-1.004 0.773
sCyC 2.337 1.249-4.373 0.008
ALB 1.034 0.962-1.111 0.366
Fibrinogen 0.874 0.637-1.200 0.406
Triglyceride 1.061 0.790-1.424 0.695
D-dimer 0.990 0.971-1.009 0.303
CABG/MVR/MVP/TVP (%) 2.604 0.796-8.514 0.113
CPB time 1.011 1.001-1.022 0.028
Aortic cross-clamp time 0.994 0.984-1.004 0.221
DHCA time 1.002 0.974-1.032 0.868
Drainage volume 24 hours after 1.000 1.000-1.001 0.079
surgery

P<0.05 was considered statistically significant. PMV, prolonged mechanical ventilation; BMI, body mass index; WBC, white blood cell;
Hb, hemoglobin; PLT, platelet; CRP, c reactive protein; sCr, serum creatinine; sCyC, serum cystatin C; ALB, albumin; CABG, coronary
artery bypass graft; MVR, mitral valve replacement; MVP, mitral valvuloplasty; TVP, tricuspid valvuloplasty; CPB, cardiopulmonary bypass;
DHCA, deep hypothermic circulatory arrest.; OR, odds ratio; Cl, confidence interval.

was associated with increased short-term mortality rate
but did not affect long-term mortality rate. Furthermore,
our data suggested that elevated preoperative leukocyte
count, increased preoperative serum cystatin C level, lower
preoperative platelet count and longer CPB duration were
identified as risk factors for PMV.

In consistent with previous studies, an increased
preoperative leukocyte count was identified as a risk factor
for PMV (3). The exact mechanism of how leukocyte
contribute to PMV remains to be fully determined.
However, the processes may include unique capillary
structure of the lung, neutrophil deformability, and
adhesion molecules (9). The pulmonary vascular bed stores
50-60% of total circulating neutrophils, a disturbance of
local neutrophil equilibrium might directly induce tissue
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damage (10). As a matter of fact, Xu et a/l. reported that
using high-dose ulinastatin (neutrophil inhibitor) reduced
pulmonary injury and improved the pulmonary function
after CPB under DHCA (11). Similarly, Alexiou et al.
showed that the use of a leukocyte filter throughout CPB
protected the pulmonary function (12). It is possible that
appropriate neutrophil inhibitor or filtration that decreases
leukocyte number might help decreasing the risk for PMV.
A lower preoperative platelet count was identified as
another risk factor for PMV. This finding was consistent
with previous studies (4). A possible explanation
for this finding is that platelet plays a crucial role in
the pathogenesis of acute lung injury (13). Platelet
activation in acute aortic dissection might further affect
attached leukocytes and endothelial cells by releasing
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Figure 1 Kaplan-Meier estimation analysis in patients with and
without PMV after surgery for DeBakey type I aortic dissection
(Log rank P=0.728). PMV, prolonged mechanical ventilation.

proinflammatory mediators. A lower platelet count may
indicate an exhaustion after response to extensive false-
lumen thrombosis during the process of acute aortic
dissection and systemic inflammation.

This study was the first to identify an elevated level of
preoperative sCyC level as a risk factor for PMV. This
discovery suggested that preoperative renal dysfunction
could affect postoperative intubation duration. Several
studies have examined the association between preoperative
renal function and PMV. Reddy and colleagues (2) showed
that preoperative sCr was an independent risk factor for
PMV after cardiac surgery. Similarly, Lei ez al. (14) also
suggested that preoperative sCr was a strong predictor for
prolonged ventilation after aortic arch surgery. However,
previous reports showed that sCyC was a better indicator
of kidney function than sCr and predicted acute kidney
injury 1-2 days earlier than the conventional clinical
diagnosis (15,16). The results of our study demonstrated
that preoperative sCyC levels rather than sCr levels were an
independent risk factor for PMV after aortic surgery.

Prolonged CPB time was identified as another predictor
for PMV. Lei and colleagues (14) found that prolonged
CPB time was a strong predictor for PMV after aortic
arch surgery with DHCA. Other studies have suggested
that patients avoiding the use of CPB when undergoing
coronary artery surgery benefited from shorter ventilation
times (17,18). Multiple factors including systemic
inflammatory response, lung interstitial edema, cytotoxic
mediators, emboli and reperfusion injury can precipitate
pulmonary dysfunction after CPB (19). Our data suggested
that shorting the CPB duration as much as possible might

© Journal of Thoracic Disease. All rights reserved.

improve patients’ prognosis after DeBakey type I aortic
dissection repair surgery.

The incidence of PMV in literatures varies from
24 hours to 14 days depends on the definition (20-22).
The enrolled patients who underwent DeBakey type I
aortic dissection surgery were characterized as PMV in
our study based on the cut-off value of 48 h. In addition,
this study demonstrated that patients with PMV suffered
from reduced early survival rate, longer ICU and hospital
stay. These findings were consistent with previous studies
(4,23), which showed a higher in-hospital mortality rate
for patients with PMV. For long-term outcomes, there
was no significant difference identified between patients
with or without PMV, which might be the short follow-up
period after the surgery. The associations we discovered in
this study helped us to better understand the risk factors
for and outcomes of PMV after DeBakey type I aortic
dissection repair surgery and shed light upon optimizing the
perioperative management strategies.

Limitations

This study had several limitations. Firstly, the nature of the
study was a retrospective analysis of prospectively collected
data and might presented with some inherent biases.
Secondly, data of important preoperative inflammatory
cytokines (i.e., interleukin-6, interleukin-8, and TNF-o) was
lacking. Thirdly, some severe postoperative complications
that might associate with PMV were not included in the
multivariable logistic analysis model.

Conclusions

Our data suggested that PMV after DeBakey type I aortic
dissection repair surgery was a common complication and
associated with increased short-term mortality rate but did
not affect long-term mortality rate. Multiple regression
model suggested that elevated preoperative leukocyte
count, increased preoperative serum cystatin C level, lower
preoperative platelet count and longer CPB duration were
potential risk factors for PMV. This study not only helped
us to optimize perioperative management strategies, but
also provided insights into understanding the pathogenesis
of aortic dissection repair surgery associated PMV.
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