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INTRODUCTION

The human larynx plays a pivotal role in air-
way protection, respiration and phonation and 
laryngeal cancer is one of the most popular 

causes of laryngeal obstruction which compromises 

these vital functions. Laryngectomy with the appropri-
ate type of neck dissection is still the golden standard 
treatment option for patients with advanced laryngeal 
cancer despite the rise of laryngeal preservation pro-
tocols during the last two decades [1]. The initial part 
of this operative procedure requires ensuring a tra-
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cheostomy, which would allow undisrupted surgical 
access to the upper airways without interfering with 
patient’s ventilation. Creation of tracheostomy is one 
of the most challenging phases for the anesthesiolo-
gists during total laryngectomy, because of the need 
to ensure an anesthetic state, in face of unsecured 
airways, which are compromised from the tumor pro-
cess causing diff erent degrees of laryngeal obstruc-
tion. Also, since most of the patients indicated for 
this type of surgery suff er from severe comorbidities 
(e.g. cardiovascular disease, COPD, etc.) [2], intra-
operative ventilation and hemodynamic stability are 
essential for the untroublesome course of this major 
operative procedure. In this study we make a com-
parative assessment of patients’ hemodynamic pa-
rameters during tracheostomy, operated using three 
approaches: local anesthesia with preserved sponta-
neous ventilation; general anesthesia and ventilation 
with endotracheal intubation; general anesthesia and 
ventilation with laryngeal mask airway device. 

MATERIAL AND METHODS

A randomized controlled trial with level of evidence 
1b was conducted in a university hospital department 
during the period 2013-2016. Sixty patients with his-
topathologically verifi ed carcinoma of the larynx in 
advanced stage (T3/T4) were enrolled in the study. 
Informed consent was solicited from every patient 
and the protocol of the study was approved by the 
university’s ethics committee. A standardized history 
was obtained for each patient. Detailed description of 
the endoscopic/microscopic direct laryngoscopy fi nd-
ings were recorded along with the computer tomog-
raphy examination results. All patients underwent 
primary total laryngectomy, none had a preoperative 
tracheostomy and none of them had decompensat-
ing dyspnea prior to surgery. According to the Cotton-
Myer scale, we categorized the level of laryngeal ob-
struction in every patient by using preoperative video 
laryngoscopy. Patients were randomly assigned to 
the following groups:

 ● Group 1 (n = 20): tracheostomy was performed 
under local anesthesia (LA) with preserved spon-
taneous ventilation; patients received supplemen-
tary oxygen via nasal oxygen catheter.

 ● Group 2 (n = 20): tracheostomy was performed 
under general anesthesia with an endotracheal 
intubation (ETI) as a mode of upper airway instru-
mentation.

 ● Group 3 (n = 20): tracheostomy was performed 
under general anesthesia with a laryngeal mask 
airway (LMA) as a mode of upper airway instru-
mentation.

General anesthesia in patients from the cohort (Gr.2 
and Gr.3), was given according to a standard unifi ed 
protocol. All patients were monitored and recorded 
for: peripheral capillary oxygen saturation (SpO2); 
systolic (SAP), diastolic (DAP) and mean arterial 
blood pressure (MAP); heart rate (HR); continuous 
electrocardiography (ECG). The above parameters 
were recorded at predetermined time intervals: T0: 
5th minute after premedication; T1: 3rd minute af-
ter beginning the tracheostomy; T2: 5th minute after 
beginning the tracheostomy; T3: 10th minute after 
beginning the tracheostomy; T4: 3rd minute after in-
tubation through the tracheostomy; T5: 10th minute 
after intubation through the tracheostomy; T6: 20th 
minute after intubation through the tracheostomy; T7: 
3rd minute after extubation; T8: 5th minute after extu-
bation; T9: 10th minute after extubation.

Statistical analysis of the results was performed us-
ing SPSS software version 21.0. One-way ANOVA 
test with Tukey post hoc test was used to compare 
groups. If the homogeneity of variance was violated 
(Levene test, p < 0.05), the Games-Howell post hoc 
test was used. In cases when the assumption of nor-
mality was violated (Shapiro-Wilk test of normality 
indicated p < 0.05) we used the nonparametric Krus-
kal-Wallis test.

RESULTS 

The mean age of the whole pool of patients was 61 
years. There were no statistically signifi cant diff er-
ences in age, ASA score, hypertension levels, COPD 
and ischemic heart disease prevalence between the 
three diff erent groups. Additionally, we categorized 
the level of obstruction in every patient according to 
the Cotton-Myer scale by using preoperative video 
laryngoscopy. Again, no signifi cant diff erences in 
the levels of obstruction were found between the 
three groups. All of the patients enrolled in the study 
showed no signs of decompensated inspiratory dys-
pnea prior to surgery.

At T0 (premedication stage) the patients from all 
three groups displayed identical levels of systolic, 
diastolic, mean arterial blood pressure and heart rate 
(Figures 1, 2, 3 and 4). 

After the surgical procedure was initiated with the tra-
cheostomy, distinct diff erences in the hemodynamics 
of the three groups could be clearly seen. 

Patients who underwent tracheostomy under local 
anesthesia displayed statistically the highest levels 
of SAP, DAP, MAP and heart rate intraoperatively 
during the tracheostomy compared with the other 
two groups. Interestingly, the group of patients who 
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underwent tracheostomy with endotracheal intuba-
tion, also displayed signifi cantly higher levels of SAP, 
DAP, MAP and heart rate during the procedure in 
comparison to the group with laryngeal mask airway 
ventilation, despite the fact that both groups were 

under general anesthesia. This pattern of hemody-
namic diff erences continued to be registered also at 
the beginning of the laryngectomy, at which point all 
patients were intubated with an endotracheal tube 
through the tracheostomy. 

Fig. 1. Mean systolic arterial blood pressure levels for groups 1, 2 and 3 at diff erent surgical time points

Fig. 2. Mean diastolic arterial blood pressure levels for groups 1, 2 and 3 at diff erent surgical time points
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From the fi gures we could see signifi cantly lower 
levels of all hemodynamic parameters (SAP, DAP, 
MAP and heart rate) obtained from patients in group 
3 compared with the other two groups not only during 
the initial stages of operative procedure, but also dur-
ing the fi rst 20 minutes of the laryngectomy. We re-
port no statistical diff erence in hemodynamic param-
eters between group 1 and 2 during the beginning of 
the laryngectomy, despite noting some tendencies. 
20 minutes after the start of the laryngectomy, till the 
end of surgery, including the period after extubation, 
no diff erences in hemodynamic parameters were 
found between the three groups. 

DISCUSSION 

After a thorough literary investigation, we could not 
fi nd a study designed similarly to the present one. 
Most studies focus on ventilation comparing larynge-
al mask airway versus endotracheal intubation as air-
way device used during percutaneous tracheostomy, 
but none compares hemodynamic parameters [3, 
4, 5]. Some studies assess the effi  cacy of laryngeal 
mask airway (LMA) ventilation in patients with airway 
stenosis [6] and report no major or minor complica-
tions. Our team also reported a cricotracheal resec-
tion in a case of subglottic stenosis with a lumen of 

Fig. 3. Mean arterial blood pressure levels for groups 1, 2 and 3 at diff erent surgical time points

Fig. 4. Mean heart rate levels for groups 1, 2 and 3 at diff erent surgical time points
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2.5 mm ventilated effi  ciently by using laryngeal mask 
airway [7]. Respectively, in the present study none 
of the cases with laryngeal mask airway suff ered 
from any signifi cant complications (including desat-
urations) despite considerable levels of obstruction 
caused by the tumor masses.

Group 1 showed the highest levels of SAP, DAP, MAP 
and heart rate, which could be easily explained by the 
adrenergic stress response during the local anesthe-
sia [8]. One could see from the data that excessive 
catecholamine release during the tracheostomy has 
an impact even after induction of general anesthesia, 
i.e. the hemodynamic stability during the fi rst part of 
the laryngectomy is directly infl uenced by the type of 
anesthesia for the tracheostomy. Even more intrigu-
ing is the impressive diff erence in all hemodynamic 
parameters between patients with endotracheal intu-
bation and laryngeal mask airway. Even though both 
groups were operated under general anesthesia, 
intubated patients displayed fi rmly higher levels of 
blood pressure and pulse rates than those ventilated 
with laryngeal mask airway during tracheostomy and 
fi rst 20 minutes of the laryngectomy. In comparison, 
hemodynamic parameters between group 1 and 2 
at T4, T5 and T6 show only tendency, but no abso-
lute statistical diff erence, which demonstrates the 
convincing advantages of laryngeal masks in these 
circumstances. We hypothesized that involvement of 
the laryngeal chemorefl ex would explain the reported 
results. This refl ex induces specifi c response initi-
ated by receptors in the laryngeal lumen and among 
its numerous eff ects, a signifi cant increase in blood 
pressure has been attributed to it [9, 10, 11, 12]. Pre-
sumably, during intubation in patients with advanced 
laryngeal cancer, there is a signifi cant mechanical 
compression on the endolarynx and respectively, on 
the tumor mass, because of the obstructed lumen, 
which could cause an induction of the laryngeal che-
morefl ex. An important part in the induction process 
could play the tumor microenvironment and more 
precisely the infl ammatory component, abundant in 
biologically active molecules, given the reports dem-
onstrating how a simple upper airway respiratory in-
fection could signifi cantly increase reactivity [13].

CONCLUSION

Anesthesia in head and neck surgery has always 
been demanding, as often pathology interferes with 
the anesthesiologist’s fi eld of work. To our knowl-
edge, in this study we demonstrate for the fi rst time 
in the scientifi c fi eld that laryngeal mask ventilation 
during tracheostomy improves intraoperative hemo-
dynamic stability in patients undergoing total laryn-
gectomy compared to endotracheal intubation.
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