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Introduction

Thoracic aortic dissection (TAD) occurs when blood flow 
is redirected from the aorta (true lumen) into the media of 
the aortic wall (false lumen), through an intimal laceration, 
creating a septum (1). Aortic dissection (AD) is a catastrophic 
disease process, with an age-dependent incidence ranging 
from between 3.5 and 6/100,000 person-years in the 
general population to as high as 10/100,000 person-years 

in the elderly (2,3). The Stanford system is applied widely 
to classify AD and surgical treatment is the primary choice 
for type A aortic dissection (TAAD) (4). Delay in diagnosis and 
surgical treatment is associated with increased mortality (5).  
Presentation with TAAD is associated with high mortality 
and a 5-year survival of 32%, with operative therapy 
indicated to improve survival (2,6,7). Besides, it is worth 
noting that TAAD underwent surgical procedures 
always included some clinical features which would were 
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dramatically associated with elevated risks of HAIs, 
such as long duration of surgery, the application of 
mechanical ventilator, blood transfusion (8), femoral vein  
catheterization (9,10). Moreover, HAIs are deemed 
the most frequent adverse event threatening patients’ 
safety worldwide (11-13) which considerably increase 
the burden of in-patients, such as hospital acquired 
pneumonia (HAP), ventilator associated pneumonia (VAP), 
bloodstream infections (BSIs), surgical site infections (SSIs), 
gastrointestinal tract infection (GI). However, there are 
few studies on the risk factors and HAIs for the patients 
with TAAD after ascending aortic and arch replacement 
under deep hypothermic circulatory arrest (DHCA) during 
hospitalization. In this study, we aimed to identify the risk 
factors of HAIs for the patients following surgical repair of 
TAAD and optimized infection prevention.

Methods

Patient selection

We retrospectively reviewed the medical records of all 
the patients diagnosed with TAAD admitted to The First 
Affiliated Hospital of Nanjing Medical University between 
Jan 01, 2013 to May 31, 2016. All the patients with TAAD 
was defined according to the 2010 ACCF/AHA/AATS/
ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines for the 
diagnosis and management of patients with thoracic aortic 
disease (14) and diagnosed by computed tomography 
arteriography (CTA). All the patients with TAAD were 
first diagnosed and surgical treatment in our facility. The 
definition of hospital-acquired pneumonia (HAP) and 
ventilator-associated pneumonia (VAP) is described in 
ATS/DSA 2016 guideline (15). We applied CDC/NHSN 
surveillance definition of health care-associated infection 
and criteria for specific types of infections (16). This 
study was approved by the Ethics Committee of The First 
Affiliated Hospital of Nanjing Medical University (ID:  
IRB-SOP-AF17).

Data collection

All the authors discussed and approved the standard form. 
Relative clinical variables were collected and recorded on a 
standard form by two author independently (Chen WS and 
Ni BQ) that included information on patient age, gender, 
underlying disease (hypertension, Marfan syndrome, tumor, 
liver disease, kidney disease), surgical parameters (operation 

time, DHCA time, myocardial ischemia time, brain  
per-fusion time), laboratory examination [serum D-dimer, 
white blood cell (WBC), neutrophil, lymphocyte, platelet 
(PLT)], duration of hospital stay, duration of intensive 
care unit (ICU) stay, and type of HAIs. All data come from 
the patients who first admitted to our hospital and treated 
underwent ascending aortic and arch replacement under 
DHCA.

Statistical analysis

Primary analysis compared patients with TAAD with and 
without HAIs. Categorical variables were compared using χ2 
analysis or Fisher exact test where appropriate. Continuous 
variables were analyzed with 2-sample t-tests or Wilcoxon 
rank-sum tests. 

A stepwise multiple logistic regression model was applied 
to test the association analysis of risk factors for the HAIs 
in patients with TAAD after surgical treatment. In the 
logistic regression model, each regression coefficient is the 
logarithm of the odds ratio (OR). A Hosmer-Lemeshow test 
were used for evaluation the goodness-of-fit and the final 
model was built by forward selection procedure in which 
only the variables reaching the conventional significance 
level of 0.05. We investigated also the predictive capability 
of the logistic model by means of the area under the 
receiver operating characteristic (ROC) curve (AUC) (17). 
In this study, we suggest that values between 0.6 and 0.7 be 
considered as indicating a weak predictive capacity, values 
between 0.71 and 0.8 a satisfactory predictive capacity and 
values greater than 0.8 a good predictive capacity (18). Data 
were double entered serially using patients’ codes and were 
only analyzed at the end of the study. All statistical analyses 
were performed with Stata version 11.2 by adopting a 
significance level of alpha =0.05. 

Results

In all, 210 patients with AD admitted to our hospital, 
100 patients had TAAD (100/210, 47.62%), generating  
36 HAIs. Therefore, all the TAAD patients were then 
allocated to the HAIs group (n=36) and Non-HAIs group 
(n=64). We found that age, gender and underlying diseases 
were similar between the HAIs and Non-HAIs groups 
(all P values >0.05) (Table 1), indicating that two groups 
balanced. Among the 36 TAAD patients with HAIs, 
there are 60 episodes HAIs, including 26 HAP (43%), 16 
VAP (27%), BSIs (17%), GIs (8%), 2 organ/space SSIs 
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Table 1 Clinical characteristics of all the patients with TAAD

Variables HAIs (n=36) Non-HAIs (n=64) Statistics P value

Gender: male（%） 28 (77.8%) 50 (78.1%) 0.968 0.968

Age (years) 52.11±11.01 48.05±13.76 −1.519 0.132

Smoking status 

Ever 7 (19.4%) 14 (21.9%) 0.082 0.775

Never 29 (80.6%) 50 (78.1%)

Patients’ pre- and perioperative conditions

Preoperative total-protein(g/L) 59.51±7.20 62.02±7.35 1.648 0.103

Preoperative albumin(g/L) 35.27±5.72 36.47±4.91 1.106 0.271

Preoperative WBC (109/L) 10.78±4.30 11.52±4.40 0.813 0.418

Preoperative neutrophil (109/L) 81.13±9.87 79.40±10.71 −7.497 0.427

Preoperative lymphocyte (109/L) 1.63±1.67 1.78±1.67 0.418 0.677

Preoperative PLT (109/L) 139.06±56.86 192.23±82.15 3.444 0.001

Preoperative D dimer (mg/L) 9.38±10.69 5.97±7.29 −1.703 0.094

Operation time (h) 10.16±2.69 8.99±2.48 −2.207 0.030

Cardiopulmonary bypass time (min)  236.42±58.92 214.56±62.47 −1.713 0.090

Myocardial ischemia time (min) 149.17±35.70 144.83±38.93 −5.551 0.583

Deep hypothermic circulatory arrest time (min) 29.81±4.20 28.80±4.98 −1.027 0.307

Duration of hospital stay (day) 33.69±18.70 18.03±7.90 −4.792 ＜ 0.001

Duration of ICU stay (day) 16.39±13.49 6.36±4.37 −4.336 ＜ 0.001

Duration of mechanical ventilation 7.58±6.97 2.42±1.85 −4.357 ＜ 0.001

Underlying disease

Hypertension 23 (63.9%) 33 (51.6%) 1.421 0.233

Coronary heart disease 1 (2.8%) 1 (1.6%) – 1.000

Stroke 0 (%) 1 (1.6%) – 1.000

Lung disease 0 (%) 2 (3.1%) – 0.535

Marfan syndrome 1 (2.8%) 3 (4.7%) 0.000 1.000

Diabetes 1 (2.8%) 1 (1.6%) – 1.000

Solid tumor 0 (0%) 3 (4.7%) 0.502 0.479

Chronic kidney disease 3 (8.3%) 3 (4.7%) 0.089 0.766

Chronic liver disease 2 (5.6%) 0 (0%) – 0.127

Significance level: alpha =0.05. HAIs, healthcare associated infections; TAAD, type A aortic dissection; PLT, platelet; WBC, white blood 
cell; ICU, intensive care unit.
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(3%) (sternal infection after surgery), 1 CAUTI (2%) 
(Figure 1). Meanwhile, univariate analysis showed that 
preoperative WBC, preoperative neutrophil, preoperative 
lymphocyte, preoperative D-dimer, cardiopulmonary 
bypass time, myocardial ischemia time, DHCA time were 
not significant between HAIs group and Non-HAIs group 
(all P values >0.05; Table 1). Preoperative PLT, operation 
time, duration of hospital stay, duration of ICU stay, were 
both significantly higher in HAIs group than in the Non-
HAI group (139.06±56.86 vs. 192.23±82.15, P=0.001; 
10.16±2.69 vs. 8.99±2.48, P=0.030; 33.69±18.70 vs. 
18.03±7.90, P<0.001; 16.39±13.49 vs. 6.36±4.37, P<0.001 
respectively) (Table 1). Forward stepwise was applied to 
build the final multivariable model. We found that [DCHA 

>29 min; OR =2.60; 95% confidential interval (CI), 1.01–
6.80; P=0.048], preoperative PLT <171×109/L (OR =3.62; 
95% CI, 1.33–9.79; P=0.011) and D-dimer >4.25 mg/L  
(OR =2 .83 ;  95% CI ,  1 .07–7 .47 ;  P=0 .035 )  were 
independently associated with the increased risks of HAIs for 
the patients with TAAD following surgical repair (Table 2).  
Hosmer-Lemeshow statistic of the model suggested 
perfect model discrimination from a perfect fit (χ2=4.77, 
P=0.6883). Logistic model was verified when the area under 
ROC curve was equal to 0.7665 (Figure 2), indicating a 
satisfactory predictive capacity. 

Discussion

Patients with TAAD undergoing surgical repair are at 
higher risk for postoperative infections. Because it usually 
mixed up a variety of risk factors which contribute to HAIs, 
such as cardiac surgeries (19), long duration of surgery time, 
mechanical ventilation. In this study, we firstly investigated 
the risk factors of HAIs for the patients with TAAD after 
surgical treatment. We found that the patients with TAAD 
undergoing arch replacement were prone to a higher 
HAIs incidence rate (60%, 60 episodes/100 patients), 
the top three HAIs types were HAP (43%), VAP (27%) 
and BSIs (17%). The inflammation after TAAD, long 
duration of DHCA, and inadequate cooling of the lungs 
during surgery (20), intraoperative transfusion of banked  
blood (21) would increase the risk of pneumonia. 

Figure 1 Distribution of sites of the TAAD patients with HAIs’ episode. HAP, hospital acquired pneumonia; VAP, ventilator associated 
pneumonia; BSIs, bloodstream infections, including central line associated BSIs; GIs, gastrointestinal infections; CAUTI, catheter associated 
urine tract infection; TAAD, type A aortic dissection.

Table2 Multivariable analysis of risk factors for HAIs following 
surgical repair of acute TAAD

Variables OR (95% CI) P value

X1: hospitalization over one day 
before surgical treatment

2.84 (0.84–9.62) 0.093

X2: DHCA time (>29 min) 2.60 (1.01–6.80) 0.048

X3: Preoperative PLT (<171*109/L) 3.62 (1.33–9.79) 0.011

X4: Preoperative D-dimer  
(>4.25 mg/L)

2.83 (1.07–7.47) 0.035

Significance level: alpha =0.05. PLT, platelets; DHCA, deep 
hypothermic circulatory arrest; CI, confidential interval; TAAD, 
type A aortic dissection.

2%3%
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17%

27%

HAP VAP BSIs GIs SSIs CAUTI
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Multivariate logistic regression analysis indicated that longer 
DHCA was an independent risk factor for postoperative 
HAIs. DHCA during surgical treatment of TAAD patients 
induces cytokine-mediated inflammation during CPB, 
and leukocyte infiltration into the pulmonary tissue which 
would result in postoperative pneumonia (22). In this case, 
our results suggested that recipients of treatment for TAAD 
would benefit from reductions in the DHCA times with 
improved surgical techniques. Meanwhile, fragments of 
banked blood deposited in the lung interstitial activated 
inflammation elevated lung damage, which may result in 
pneumonia. All of these causes may contribute to the most 
common postoperative HAP and VAP. 

When AD occurs, blood emitted from the ventricle influx 
into the false lumen, and the circulation of PLTs content for 
the protection effect of the break. PLT activation and acute 
AD are associated with aortic wall tearing range (23,24). 
Our study found that lower PLTs in concentration were 
significantly elevated risk factor for postoperative HAIs 
(OR=3.62; 95% CI, 1.33–9.79; P=0.011). 

D-dimer is a typical degradation product of cross-linked 
fibrin (25), whose serum level is applied to diagnose deep 
venous thrombosis (DVT), pulmonary embolism, diffuse 
intravascular coagulation (DIC). Elevation of the serum 
D-dimer level reflects the fibrinolytic activity in responses 
to thrombosis of the false lumen and activation of the 
extrinsic pathway of the coagulation cascade with an injured 
aorta (26,27). Among the patients with TAAD, a highly 
elevated level of serum D-dimer also hints the anatomical 
extent of the dissection (27). The extent of the dissection is 

closely related to the difficulty of surgery, operation time, 
blood transfusion, all of which are important risk factors 
for HAIs after surgery (25). In our study, we reported 
that preoperative higher serum D-dimer was significantly 
associated with increased risk of HAIs. 

TAAD patients always endure tissue and organ ischemia 
and are also likely to cause damage to organ dysfunction, 
resulting in increased risks of BSI, gastrointestinal tract 
infection (Figure 1). Therefore, TAAD has a higher 
incidence of postoperative infections, so we need to 
establish a simple and rapid diagnostic tool to assess the risk. 
Our finding suggested that our simple logistic regression 
model seemed to be a satisfactory tool to predict HAIs, 
AUC was 0.7665, the diagnostic sensitivity was 63.89%, and 
the specificity was 79.69%. However, we did not validate 
the predictive ability in test dataset. Our team will continue 
to gather more cases and seek external validation to assess 
the predictive power of the model.

In conclusion, TAAD patients after surgical repair are 
prone to HAIs. We found that longer DHCA time, lower 
preoperative PLT and higher preoperative serum D-dimer 
would significantly increase risks for HAIs, and we should 
take effective prevention and control measures to guarantee 
the patients’ safety.
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