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ABSTRACT

Objective: Postoperative nasocomial pneumonia (PoNP) is the pneumonia that develops 48 hours 
after the surgery. The risk of PoNP is 3-20 times higher when endotracheal tube (ET) was used. 
Therefore ETs with drainage lumens allowing subglottic secretion were produced (SSD-ET). The risk of 
PoNP has increased in cardiac surgery. There are limited number of studies on SSD-ET and VAP in the 
literature on patients under going fast-track cardiac anesthesia protocol. The aim of our study is to 
compare the protective effect of the SSD-ET on the extubation time and the development of PoNP in 
the patients having open heart surgery under going fast-track cardiac anesthesia protocols.
Method: A prospective, non-blind, randomized trial was conducted. Patients scheduled for cardiac 
surgery were randomly assigned to receive Standart Tube Group (Group 1) or Subglottic Aspiration 
Tube Group (Group 2). 60 patients were included in the study. The diagnosis of PoNP is determined 
according to the diagnostic criteria of 2015 “Centersfor Disease Control and Prevention (CDC)”(1). 
A two-sided p-value <0.05 was considered as statistically significant. 
Results: Extubation time was 12.65 h in group SSD-ET, it was revealed as 16.88 h in the S-ET group. 
Hence, the extubation time was significantly shorter in the SSD-ET group (<0.027)
Conclusion: Our study has showed that SSD-ETs decreased the extubation time in patients who 
underwent open heart surgery, although they did not directly affect the development of PoNP
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ÖZ

Amaç: Postoperatif nazokomiyal pnömoni (PoNP), ise ameliyattan 48 saat sonra gelişen pnömoniler 
için kullanılır. PoNP riski, endotrakeal tüp (ET) kullanıldığında 3-20 kat daha fazla görülür. Bu nedenle, 
subglottik sekresyona izin veren drenaj lümenli ET’ler üretilmiştir (SSD-ET). Kalp cerrahisi sonrasında 
PoNP riski yüksektir. Literatürde hızlı kardiyak anestezi protokolü uygulanan hastalarda SSD-ET ve VAP 
ile ilgili sınırlı sayıda çalışma vardır. Çalışmamızın amacı, hızlı kardiyak anestezi protokolleri uygulanan 
açık kalp ameliyatı geçiren hastalarda SSD-ET’nin ekstübasyon süresi üzerindeki koruyucu etkisini ve 
PoNP gelişimini karşılaştırmaktır.
Yöntem: Prospektif, kör olmayan, randomize bir çalışma planlandı. Açık kalp cerrahisi planlanan 
hastalar, Standart Tüp Grubu (Grup 1) veya Subglottik Aspirasyon Tüpü Grubu (Grup 2) almak üzere 
rastgele iki gruba ayrıldı. Çalışmaya 60 hasta dahil edildi. PoNP tanısı, 2015 “Hastalık Kontrol ve 
Önleme Merkezleri (CDC)” (1) tanı kriterlerine göre belirlendi. İki yönlü p değeri <0.05 istatistiksel 
olarak anlamlı kabul edildi.
Bulgular: SSD-ET grubunda ekstübasyon süresi 12.65 saat, S-ET grubunda 16.88 saat olarak belirlen-
di. Bu nedenle, SSD-ET grubunda ekstübasyon süresi önemli ölçüde daha kısadır (<0,027) saptandı.
Sonuç: Çalışmamız, açık kalp ameliyatı geçiren hastalarda SSD-ET’lerin PoNP gelişimini doğrudan 
etkilememekle birlikte ekstübasyon süresini kısalttığını göstermiştir.

Anahtar kelimeler: subglottik sekresyon tüpleri, Açık kalp cerrahisi, postoperatif nazokomiyal pnömoni
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INTRODUCTION

Nosocomial pneumonia is defined as pneumonia 

developing 48 hours after being admitted and is not 

in incubation period. Ventilator-associated pneumo-

nia (VAP) is the pneumonia that occurs in those who 

are on mechanical ventilation for more than 48 

hours [1]. Postoperative nosocomial pneumonia 

(PoNP) develops 48 hours after surgery [2]. PoNP may 

be preventable in many cases but increases health 

care cost and has high mortality and morbidity. The 

risk of PoNP has been reported to be 3-20 times 

greater when an endotracheal tube (ET) is used in 

conjunction with mechanical ventilation [3].The inser-

tion of an ET may cause airway injury and introduce 

endogenous oropharyngeal bacteria to the lower 

respiratory tract. Airway mucociliary clearance and 

cough reflex are often impaired in the presence of an 

ET. Airway mucosal damage and biofilm formation 

are other factors that will contribute to ET-associated 

PoNP development [4-7]. Although various methods 

are available for preventing nosocomial pneumonia 

in intubated patients, ET derived factors are impor-

tant. Hence, ETs with drainage lumens allowing 

subglottic secretion drainage have been produced. 

This type of ET possesses two lumens so that while 

the cuff of one lumen is inflated, it is possible to 

drain subglottic secretions, continuously or inter-

mittently, from the non-inflated cuff. Several stud-

ies have shown that VAP rates decrease with the 

use of ET with subglottic secretion drainage (SSD-

ET) [8-12].

The risk of PoNP is increased following cardiac sur-

gery [12]. Postoperative pulmonary complications are 

estimated to occur in 5-20% of patients undergoing 

cardiac surgery. However, there are few studies 

investigating the post-operative use of SSD-ET in 

cardiac surgery. Kollef et al. reported that the inci-

dence of VAP is similar in SSD-ET compared with a 

normal ET but the VAP episodes occur later [12]. 

Bouza et al. also reported the incidence of VAP to be 

similar with both types of ET but there was a 

decrease in the use of antibiotics [13].

There are a limited number of studies in the litera-

ture of SSD-ET and VAP in patients undergoing a fast-

track cardiac anesthesia protocol. Studies investigat-

ing SSD-ET generally report on the frequency of VAP 

in patients undergoing mechanical ventilation for at 

least 48 hours. The extubation time in open- heart 

surgery patients with fast track cardiac anesthesia 

protocols is less than 48 hours and they remain in 

the Intensive Care Unit (ICU) for a shorter period [14]. 

SSD-ET not only reduces the risk of VAP but also 

shortens the duration of mechanical ventilation [9-11]. 

Since longer extubation time is one of the risk factors 

for the development of PoNP, SSD-ET can also mini-

mize the risk of the development of PoNP by short-

ening extubation time in cardiac surgery patients 

having fast track cardiac anesthesia [15].

The aim of our study was to compare SSD-ET with 

standard ET in patients having open- heart surgery 

undergoing fast-track cardiac anesthesia protocols in 

terms of extubation time and the risk of PoNP.

MATERIAl and METHOD

A prospective, non-blind, randomized trial was con-

ducted. Ethical approval was obtained for the study 

from the local ethics committee of the university 

(KOU-KAEK 2017-405, NCT number: 03483285). The 

patients were informed about the study bedside one 

day prior to the procedure and their informed con-

sent was obtained. Exclusion criteria included: 

abnormal respiratory function test; hypoxia or hyper-

capnia in arterial blood gas; prior infections; left 

main coronary artery disease; poor ventricular ejec-

tion fraction (EF<50%); congestive heart failure; 

anemia (defined as hemoglobin <10 gr/dL); renal 

insufficiency (serum creatinine >1.8 mg/dL); morbid 

obesity (Body mass index >35 kg/m2); and smoking 

history up to two months prior to procedure. One 

researcher and the study microbiologist were not 

blinded to patient group. Patients scheduled for car-

diac surgery were randomly assigned to receive 

standard polyvinyl chloride ET (Mallinckrodt Inc, 

Hazelwood, Mo., USA) (30 patients), which was des-
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ignated (Group S-ET,) or a TaperGuard Evac ET 

(Mallinckrodt, Covidien) (30 patients), designated 

the (SSD-ET group,) at intubation (Figure 1). Both 

groups contained the same number of patients. For 

both groups a cuffed ET with an internal diameter 

(ID) of 7.0 mm was used in women and 8.0 mm ID in 

men and the cuff pressure of the ET was maintained 

at 20 cm H2O in both groups. In the SSD-ET group, 

subglottic aspiration was performed continuously 

with a negative inspiratory force of 20 cm H2O in the 

intraoperative and postoperative periods until the 

patient was extubated. Subglottic pores were irri-

gated with 10 ml of sterile distilled water every six 

hours and irrigation was maintained until the aspira-

tion area was clean, as recommended by the manu-

facturer. 

Patients were pre-medicated with intravenous (iv) 

midazolam (0.03 mg/kg) before being transferred to 

the operating room. Next 5 L/min oxygen was given, 

via a face mask, and peripheral venous access was 

achieved in the antecubital area using an 18-gauge 

catheter. Heart rate (HR) was determined by5-chan-

nel electrocardiography (ECG), and standard periph-

eral oxygen saturation (SpO2) and noninvasive blood 

pressure monitoring were performed. After local 

anesthesia with lidocain 2% and iv fentanyl (1 µg/

kg), an arterial catheter was placed before anesthe-

sia induction. After anesthesia induction, using 0.05-

0.1 mg/kg midazolam, 5-7 μg/kg fentanyl, 0.1 mg/kg 

rocuronium and 2-3 mg/kg thiopental, the patients 

were intubated. Following endotracheal intubation, 

volume controlled mechanical ventilation was start-

ed. Tidal volume was set at 8 ml per kilogram of 

predicted body weight, inspiration/expiration ratio 

was adjusted 1:2, respiratory rate to 10/minute, and 

fresh gas flow was set at 3 L/minute in all patients. 

Positive end expiratory pressure of 5cmH2O was 

applied. All patients were ventilated with the same 

equipment (Draeger, Primus, Draeger Medical 

AG&Co, Germany). Anesthesia was maintained with 

40%/60% O2 /air + desflurane and remifentanil infu-

sion. The fentanyl dose was limited to a maximum of 

20 μg/kg during anesthesia.

In the case of hypotension, defined as a (decrease in 

systolic arterial pressure of more than 20% from the 

baseline) during induction, the patient was first 

placed in the Trendelenburg position. In non-respon-

sive patients, 250 mL of colloid was infused, and in 

the case of further unresponsiveness bolus adminis-

tration of 5–10 mg of iv ephedrine was performed. If 

hypertension occurred, defined as an (increase in 

systolic arterial pressure of more than 20% from the 

Figure 1. SSD-ET 1:Subglottic aspira-
tion lumen, 2: Main tube lumen, 3: 
Tube cuff lumen
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Figure 2. Factors related to ET in terms of PoNP development
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baseline), anesthesia was deepened and 2 µg/kg 

fentanyl was applied. For bradycardia, defined as (an 

HR < 50 beats/minute), the patients were adminis-

tered 0.5 mg of iv atropine. Post-operatively all 

patients, still intubated, were transferred to the car-

diovascular ICU. The same postoperative mechanical 

ventilation strategy was maintained as in the intra-

operative period.

All patients were administered 0.1 mg/kg iv mor-

phine (Morfin Hidroklorür 0.02 gr/ml, Osel) 15 min-

utes before the end of the operation. All patients 

received PCA with continuous infusion of tramadol 

(100 mg/2 ml vial Menta pharma) 16 mg/h during a 

24 h period and paracetamol 1 gr in 100 ml (parol 

10mg/10ml vial, Atabay) at 6 hours intervals for 72 

postoperative hours.

Lansoprazol and ranitidin were preferred for gastric 

ulcer protection. Antibiotic prophylaxis of patients 

was performed with Cefazolin unless or until con-

traindicated. The diagnosis of PoNP was based on 

the 2015 diagnostic criteria of the “Centers for 

Disease Control and Prevention (CDC; see)” (Table 1) 
[1]. Pneumonia was diagnosed by evaluating the clini-

cal features and symptoms, indications of fever and 

laboratory findings of the patients, in whom any 

infiltration, consolidation or cavitation was identified 

on chest X-ray.

Extubation time and PoNP development were con-

sidered as the primary endpoints in this study. In the 

postoperative period, the decision to extubate was 

taken by a multidisciplinary team, including the 

anesthesiologist and cardiovascular surgeon. In addi-

tion clinical characteristics of each patient were 

taken into account including arterial blood gas 

results, mechanical ventilator parameters, hemody-

namic stability, degree of consciousness, body tem-

perature and drainage that requiring red blood cell 

transfusion. Patients were followed closely in terms 

of infection parameters (clinical findings, daily hemo-

gram, C-reactive protein (CRP) levels and, chest 

x-ray) in the ICU and in the ward for 120 hours after 

the operation.

Statistical Analysis

All statistical analyses were performed using SPSS for 

Windows, version 20.0 (IBM Inc., Chicago, IL, USA). 

Kolmorogov-Smirnov test was used to assess nor-

mality of data distribution. Continous variables were 

expressed as mean±standard deviation or median 

(25th -75th. percentile). Categorical variables were 

summarized as counts (percentages). Comparison of 

continuous variables between groups was performed 

using Mann Whitney U test. Relationships between 

categorical variables were examined by Chi-Square 

test. A two-sided p-value <0.05 was considered sta-

tistically significant.

Figure 3. Conical cuff image of SSD-ET. Figure 4. S- ET cuff image with cylindrical shape.
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Table 1. Diagnosis of clinical nosocomial pneumonia.

Radiological Findings

At least one of the following must be present on two or 
more chest x-rays of the series:

• New orprogressiveandpermanenttheinfiltration
• Consolidation
• Cavitation

*NOTE:
In patients without underlying cardiac or pulmonary dise-
ase (respiratory distress syndrome, bronchopulmonary 
dysplasia, pulmonary edema, or chronic obstructive pul-
monary disease), a single chest radiograph with one of the 
above findings is sufficient

Signs and Symptoms

At least one of the following:
• Fever (> 38°C)
• Leukopenia (≤4000/mm3) or  leukocytosis (≥12000/mm3)

Unexplained  change of   mental  state≥70 years 

and
at least two of the following:

• Emerging purulent phlegm or change in character of 
phlegm or increase in respiratory secretions or need for 
aspiration

• New beginning or increasing cough or dyspnea, 
  ortachypnea
• Ral or bronchial breathing sound on physical examination
• Worsening gas exchange [oxygen desaturation
  (PaO2 / FiO2≤240)] increased oxygen demantion or 
  increased ventilation requirement

Table 2. Demographic characteristics and intraoperative and postoperative data of the patients
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RESUlTS

Sixty patients between the ages of 18 and 70 were 

included in the study. All eligible patients gave con-

sent, and no patient needed to be excluded. There 

were 30 patients in each group. The demographic 

characteristics, co-morbid diseases, intraoperative 

surgery characteristics, the duration of cross-clamp 

time (CCT) and cardiopulmonary bypass time (CPBT), 

and the the amount of erythrocyte suspension used 

in the patients were found to be similar in both 

groups. The extubation time in the SSD-ET group 

(12.65 hours) was significantly shorter than in the 

S-ET group (16.88 hours; p=0.027). PoNP developed in 

5 (16.7%) patients in the S-ET group while in the SSD-

ET group this occurred in 3 (10%) patients. The rate of 

PoNP did not differ between the groups (p=:0.71). No 

mortality was observed during the study. No infection 

other than PoNP was observed (Table 2).

DISCUSSION

In this cohort the rate of PoNP was similar in the 

SSD-ET and S-ET groups, but extubation time was 

significantly shorter in patients with SSD-ET. One of 

the major causes of in-hospital mortality and mor-

bidity after cardiac surgery is the development of 

postoperative infections [12]. The most common infec-

tion in the postoperative early period is PoNP. The 

most significant causes of PoNP are bronchial and 

gastrointestinal secretions that accumulate above 

the ET cuff. In addition, frequent tracheal aspirations 

also contribute to PoNP development [16]. Micro-

aspiration and biofilm formation are the two princi-

pal features of ET which contribute to the develop-

ment of PoNP and VAP [17]. The measures to prevent 

post-operative pneumonia development, both PoNP 

and VAP, and the features of ET which contribute to 

prevention are shown in Figure 2. 

Use of S-ET may lead to both microaspiration and 

biofilm formation on the cuff. In order to minimize 

the risk of this, SSD-ET can be used, particularly for 

prolonged mechanical ventilation and associated 

VAP risk in ICUs. An SSD-ETs will enable continuous 

or intermittent aspiration of secretions accumulating 

on the cuff. In addition the ET cuff is made of either 

polyvinyl chloride (PVC) or polyurethane (PU). S-ET 

cuffs are generally made of PVC. However, PVC 

allows more microaspiration than PU. Dullenkopf et 

al showed that there was less secretion flow using 

PU cuffs compared with PVC cuffs, under the appro-

priate cuff pressure, because PU cuffs ultra-thin [18]. 

Studies have also highlighted the shape of the ET 

cuff as being important. Dave et al. reported that a 

conical shaped cuff lead to less secretion flow com-

pared with cylindrical shaped cuffs in ET [19]. In coni-

cal shaped cuffs, the fluid flow decreases due to the 

sealing area where the cuff outer diameter and the 

internal diameter of the trachea meet [19].

The SSD- ET used in this study had a cuff of conical 

shape (Figure 3) while the S-ET had a cylindrical cuff 

structure (Figure 4). Thus it is possible that the differ-

ence in cuff shape used in the SSD-ET and S-ET groups 

may have contributed to differences in findings. 

Cuff pressure is also important when considering 

infection prevention due to ET use. Both low and 

high cuff pressure may cause microaspiration. The 

use of a high-pressure cuff may damage the tracheal 

mucosa, due to exposure to high pressure gases, 

whereas in low-pressure cuffs, the barrier effect of 

the cuffs is less effective due to the lack of pressure. 

This has led to the production of, low-pressure, high-

volume ET cuffs [17].

In order to prevent the development of PoNP, more 

recently designed ET allow for the removal of accu-

mulated secretions above the cuff by either continu-

ouse or intermittent aspiration [20]. These are SSD-

ET and the earliest studies comparing SSD-ET with 

S-ET showed a reduction in the incidence of VAP [8-12]. 

The aspiration method, continuous versus intermit-

tent, has also been shown to affect morbidity. The 

incidence of injuries in patients with continuous 

aspiration of subglottic secretions was 8,1%, and 

located mostly in subglottic space [21]. In contrast, 
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Seguin et al reported A similar rates of tracheal dam-

age in patients, regardless of the type of aspiration 

used [22]. Fujimoto et al. also reported that continu-

ous or intermittent drainage aspiration did not 

change the effectiveness of the aspiration or likeli-

hood of VAP development, but mechanical ventila-

tion time was shortened in the group undergoing 

continuous aspiration [23]. Similar to the results of 

Fujimoto et al., the present study also showed sig-

nificantly shorter extubation time in patients with 

SSD-ET [23]. While Fujimoto et al. found the incidence 

of VAP was similar, in our study it was shown that the 

rate of PoNP was similar in continuously aspirated 

patients. Moreover, in a meta-analysis performed by 

Muscedere et al., examining 2,.442 patients, it was 

shown that SSD- ET reduced the development of VAP 

by 50% [24]. However the patients included in this 

meta-analysis were maintained on mechanical venti-

lation for more than 48 hours. In the current study 

all patients underwent open-heart surgery with a 

fast-track anesthesia protocol. There are a limited 

number of studies in the literature with patients 

undergoing fast-track anesthesia protocol. Although 

there was no statistically significant difference in rates 

of PoNP between the SSD-ET and S-ET groups, the 

group sizes were relatively small. It is suggested that 

future studies should include larger group sizes to 

examine if significant differences in PoNP rates may 

appear given sufficiently powered studies. 

The inner face of any ET can act as a reservoir for 

micro-organisms, providing them with a surface to 

adhere to and enabling the production of a biofilm, 

consisting of the organisms and exo-polysaccharides, 

which protect the micro-organisms from antibiotics 

and the host immune system [15]. Biofilm formation 

on intubation begins within minutes [17]. SSD-ETs 

reduce biofilm formation through continuous aspira-

tion of secretions on the cuff, thus disrupting the 

integrity of the biofilm and reducing its effectiveness 

in protecting the microbes from host immunity and 

antibiotics. 

The American Thoracic Society recommends SSD-ETs 

should be used in patients who will remain on 

mechanical ventilation for more than 48-72 hours 
[25]. However, the effect of SSD-ET use has not 

been rigorously investigated in procedures such as 

open-heart surgery, where fast-track extubation is 

performed. It has been shown that continuous 

aspiration SSD-ETs can reduce rates of VAP, dura-

tion of mechanical ventilation, and length of stay 

of patients in the ICU [26]. Wang et al. found in their 

meta-analysis that the rate of VAP development 

was 50% less with SSD- ET [27] which is in agree-

ment with Muscadere et al. [24]. Wang et al also 

reported that mortality and the length of hospital 

stay were similar in both groups, the latter being 

in accord with our findings [27]. 

We found significantly shorter extubation time in the 

SSD-ET compared to the S-ET groups (p<0.027). 

Many studies have shown that prolongation of intu-

bation constitutes a risk factor for both PoNP and 

VAP development [9-11]. It has been reported that 

shorte ventilation time, avoidance of reintubation 

and support with non-invasive ventilation all aid in 

minimizing the risk of PoNP [16]. In some studies in 

the literature, it has been stated that SSD-ET does 

not affect the extubation time but reduces the 

development of VAP in patients who have under-

gone cardiac surgery. However, interestingly, in our 

study, the extubation time was found to be signifi-

cantly shorter with SSD-ET compared to S-ETT. 

Although the surgical and anesthetic procedures 

applied to the patients were similar in both groups 

intraoperatively and postoperatively, we could not 

explain for any reason which factors belonging to 

SSD-ET shorten the duration of extubation [13,28,29]. In 

our opinion SSD-ETs will prevent PoNP development 

by shortening extubation time in open-heart surgery 

patients, undergoing fast-track cardiac anesthesia 

protocol. The current study was conducted in 

patients with normal lung function and a low level 

of risk of PoNP development. We suggest that the 

effect of SSD-ET in patients having a high level of 

risk and poor lung functions should also be investi-

gated.
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limitations

The limitations of this study include being single-

centered and the assessors not being blinded to 

patient groups. This was because it is not possible to 

disguise the type of ET in use in each patient. In addi-

tion, monitoring for PoNP only occurred for the first 

120 hours. Further studies should monitor the 

patients for more than five days

Conclusion

Prolonged extubation period is risk factor for PoNP 

and VAP. This study has shown that SSD-ETs decreased 

the extubation time in patients undergoing open 

heart surgery, although there was no effect on the 

development rate of PoNP. Larger studies of both 

low and high risk patients using SSD-ET following 

open-heart surgery are warranted in terms of the pos-

sible beneficial effect on morbidity and mortality.
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