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ABSTRACT
Objective: Tracheotomy is an effective method to improve oxygenation in patients receiving prolonged mechanical ventilation. These pa-
tients are monitored with pulse oximetry and blood gas parameters. These parameters, however, cannot effectively reflect the changing tis-
sue oxygenation. This study aimed to determine the effect of tracheotomy on tissue oxygenation and acid-base balance in pediatric patients.
Methods: This retrospective study included 46 patients who underwent tracheotomy between 2017 and 2019 for long-term mechanical ventilation in the 
pediatric intensive care unit at a state hospital. In the study, the blood gas parameters of the patients before and after the tracheotomy were compared.
Results: The mean age of the patients was 2.39 years. The tissue oxygen content (ctO2) value after tracheotomy (14.60±2.42) was higher 
than the value before tracheotomy (13.82±2.77). Although there were no significant differences in the oxygen saturation (sO2) and partial 
pressure of oxygen values, decreases in pH and actual bicarbonate values were observed (mean differences were −0.026 and −3.06, respec-
tively). It was also determined that after tracheotomy, both the base excess of extracellular fluid and base excess of blood values reduced to 
the normal range (±2 mmol/L) (mean differences −3.570 and −3.076, respectively).
Conclusion: Tracheotomy in pediatric patients increased tissue oxygenation and improved metabolic alkalosis. It was concluded that in 
addition to sO2, tissue oxygenation might be monitored by calculating the ctO2.
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Introduction

Tracheotomy is a surgical procedure that allows the removal 
of secretions, secures airflow in upper airway obstructions, and 
ensures management of the airway in patients who need long-
term mechanical ventilation (1). Tracheotomy was used in the 
past mainly for trauma and upper respiratory tract infections, 
such as epiglottitis, croup, and diphtheria; however, nowadays, 
these infections have become a rarity owing to widespread vac-
cinations and access to preventive health care services. It is, 
therefore, frequently used in chronic diseases that require long-
term mechanical ventilation in intensive care units (ICUs) (2, 3). 

Tissue oxygenation involves oxygen transport from hemoglo-
bin to tissue in the capillary microcirculation. Tissue oxygen-
ation is ensured by 3 components: the respiratory system, car-
diovascular system, and blood as an oxygen carrier (4). Tissue 
hypoxia leads to a reduction in oxygenation as a response to 
administration of many drugs (5). This may reduce the possi-
bility of the patient’s discharge or weaning from mechanical 
ventilation in the ICU. Although tracheotomy is considered to 

have a positive effect on the respiratory component of the tis-
sue oxygenation, this effect needs to be demonstrated by sci-
entific studies. It has been observed that there is a gap in the 
literature in terms of studies that clearly show the relationship 
between tracheotomy and tissue oxygenation. Therefore, this 
study aimed to show the positive quantitative effect of tra-
cheotomy on tissue oxygenation. 

Metabolic alkalosis is the most encountered acid-base disorder 
in the ICUs. Because of a shift of the oxygen-hemoglobin disso-
ciation curve to the left, it impairs tissue oxygen content (ctO2) 
(6). In this study, it was hypothesized that tracheotomy would 
increase tissue oxygenation and correct metabolic alkalosis. 

Methods

Patient Selection
Ethical approval was obtained from the local ethics commit-
tee (approval date and number: 04/11/2019, 2019/14) for this 
study. This single-center study was conducted retrospectively 
on the patients treated in the pediatric ICU of a state hospital. 
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Owing to the retrospective nature of this study, a formal in-
formed consent was not necessary. A total of 46 patients (21 
girls and 25 boys) who underwent tracheotomy between Au-
gust 2017 and November 2019 owing to long-term mechanical 
ventilation (defined as mechanical ventilation for more than 2 
weeks) were included in the study. The tracheotomy indica-
tions were categorized as neurological, cardiopulmonary, and 
upper airway obstruction. Detailed information regarding the 
categorized indications are presented in Table 1. The inclusion 
criterion included being followed up with a mechanical venti-
lator for at least 3 days in the ICU before and after the trache-
otomy procedure, whereas upper airway obstruction requiring 
emergency tracheotomy was considered an exclusion criterion.

Data analysis
The blood gas parameters, measured with a blood gas analyz-
er (Siemens RAPIDPoint 500; Siemens Healthcare, Sudbury, 
UK), were obtained by scanning the patient files. Partial pres-
sure of carbon dioxide (pCO2), partial pressure of oxygen (pO2), 
pH, actual bicarbonate (HCO3ACT), base excess of blood (BEB), 
base excess of extracellular fluid (BEECF), oxygen saturation 
(sO2), potassium (K+), ionized calcium (iCa++), sodium (Na++), 
hematocrit (hct), and lactate parameters were obtained from 
the blood gas analyzer reports. The concentration of effective 
hemoglobin (ceHb) and ctO2 values were calculated using the 
parameters. Hemoglobin types that could not effectively bind 
oxygen were corrected with the formula below: 

ceHb=total Hb–carboxyhemoglobin–methemoglobin

The ctO2 was calculated by the following formula (7): 

ctO2=[1.34×ceHb×(sO2/100)]+(0.003×pO2)

The maximal oxygen-carrying capacity of blood is 1.34 mL/g 
and known as Hüfner constant. The solubility constant of oxy-
gen at 37°C is around 0.003 mL/L/mm Hg (4). 

Pre- and post-tracheotomy data were calculated by taking 
averages of the blood sample parameters taken within 3 days 
before and 3 days after the tracheotomy. These parameters 
were presented as mean±standard deviation. 

Statistical analysis
All data analyses were carried out using The Statistical Package 
for Social Sciences version 26.0 software (IBM Corp.; Armonk, 
NY, USA). The normality of the data was assessed using the 
Shapiro-Wilk test. The paired comparison of pre- and post-tra-
cheotomy was performed on nonparametric data, including hct, 
sO2, and lactate using the Wilcoxon signed-rank test, and on 
parametric data including pH, pCO2, pO2, HCO3, glucose, K, Na, 

ctO2, and ceHb using the paired sample t test. For all statistical 
analyses, p<0.05 was considered statistically significant.

Results

The mean age of the patients was 2.39±3.29 years. The delay 
between intubation and tracheotomy was 19.5±4.8 days (range 
14–30 days). The ctO2 value after tracheotomy (14.60±2.42) 
was higher than the value before tracheotomy (13.82±2.77) 
(Figure 1). There were no significant differences in the sO2 and 
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Main Points: 

•	 Tracheotomy in pediatric patients increased tissue oxygen-
ation and improved metabolic alkalosis.

•	 Tissue oxygenation may increase even if the oxygen satura-
tion value does not change. 

•	 Tissue oxygenation may be monitored by calculating the tis-
sue oxygen content (ctO2).

•	 Blood gas analyzers should automatically calculate ctO2 val-
ue for monitoring tissue oxygenation.

Table 1. Categorized tracheotomy indications in the study 
group

Category Disease Patients,  
n (%)

Cardiopulmonary 
(N=14)

Pneumonia 10 (21.7)

Bronchopulmonary dysplasia 3 (6.5)

Restrictive lung disease 1 (2.2)

Neurological 
(N=27)

Spinal muscular atrophy 11 (23.9)

Cerebral palsy 4 (8.7)

Brain tumor 4 (8.7)

Seizure disorder 3 (6.5)

Krabbe disease 1 (2.2)

West syndrome 1 (2.2)

Tay-Sachs disease 1 (2.2)

Congenital disorders of 
glycosylation

1 (2.2)

Glutaric aciduria type 2 1 (2.2)

Upper airway 
disease (N=5)

Tracheomalacia 3 (6.5)

Vocal cord paralysis 1 (2.2)

Subglottic stenosis 1 (2.2)

Figure 1. Comparison of the tissue oxygen content levels pre- and 
post-tracheotomy. In the box plot, the boxes represent the upper 
and lower quartiles, and the white lines within the boxes signify the 
medians. The medians and interquartile ranges are displayed below 
the whiskers, and the p value is displayed above the whiskers.



pO2 values after tracheotomy. A decrease in pH and HCO3ACT 
values was observed after tracheotomy (mean differences 
−0.026 and −3.06, respectively). After tracheotomy, both the 
BEECF and BEB values reduced to the normal range (±2 mmol/L) 
(mean differences −3.570 and −3.076, respectively). The elec-
trolyte levels did not change after tracheotomy, except for the 
iCa++ level which decreased. Table 2 shows pre- and post-tra-
cheotomy values as mean±standard deviation and their mean 
differences.

Discussion

Performing tracheotomy in translaryngeally intubated patients 
decreases respiratory resistance and dead space as well as fa-
cilitates airway care (improved aspiration of tracheal secretion) 
(8). These conditions may affect gas exchange and indirectly 

tissue oxygenation. Even though it is focused on arterial oxy-
gen pressure and sO2 in the monitoring of oxygen transport to 
tissues, calculating ctO2 is a more appropriate approach (9). 
Some studies have been conducted on gas exchange during 
tracheotomy, but there is no study concerning tissue oxygen-
ation and acid-base balance in the current literature (10, 11). In 
this study, it was seen that tracheotomy performed in pediatric 
patients in the ICU had an effect on ctO2. It was revealed that 
though there was no change in sO2 and pO2 after tracheotomy, 
tissue oxygenation increased. This result suggests that appro-
priate oxygen monitoring can be done with ctO2. However, us-
ing ctO2 is not practical because it requires calculation. Auto-
matic calculation and reporting of it in blood gas analyzers can 
prevent this disadvantage.
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Table 2. Paired sample analysis of the capillary blood gas parameters after and before tracheotomy

N Mean±SD Mean difference Paired t test p 

pH After 46 7.412±0.074 −0.026 −2.147 0.037a

Before 46 7.438±0.063 

pCO2 (mm Hg) After 46 39.89±9.42 −2.36 −1.308 0.198a

Before 46 42.25±10.38 

pO2 (mm Hg) After 46 110.92±47.03 5.24 0.635 0.529a

Before 46 105.68±60.43 

HCO3ACT (mmol/L) After 46 24.21±4.56 −3.06 −6.584 <0.001a

Before 46 27.28±4.93 

BEECF (mmol/L) After 41 −0.162±5.241 −3.570 −6.853 <0.001a

Before 41 3.408±5.089 

BEB (mmol/L) After 46 −0.294±4.761 −3.076 −7.087 <0.001a

Before 46 2.783±4.492 

sO2 (%) After 45 91.72±7.43 2.26 0.151b

Before 45 89.46±9.89 

Hct (%) After 45 33.51±4.40 0.08 0.790b

Before 45 33.42±5.21

K+ (mmol/L) After 46 3.88±0.55 −0.11 −1.290 0.204a

Before 46 3.99±0.48 

iCa++ (mmol/L) After 45 1.168±0.054 −0.022 −2.239 0.030a

Before 45 1.190±0.065 

Na++ (mmol/L) After 45 132.75±3.66 0.07 0.159 0.875a

Before 45 132.68±3.02 

Lactate (mmol/L) After 45 1.69±1.09 0.06 0.761b

Before 45 1.63±0.82 

ctO2 (mL/dL) After 46 14.60±2.42 0.78 2.457 0.018a

Before 46 13.82±2.77 

ceHb After 45 10.49±1.64 0.11 0.367 0.716a

Before 45 10.38±1.86 
aPaired-sample t test; bWilcoxon signed-rank test
pCO2: Partial pressure of carbon dioxide; pO2: Partial pressure of oxygen; HCO3ACT: Actual bicarbonate; BEECF: Base excess of extracellular fluid; BEB: Base 
excess of blood; sO2: Oxygen saturation; hct: Hematocrit; K+: Potassium; iCa++: Ionized calcium; Na++: Sodium; ctO2: Oxygen content of capillary blood; ceHb: 
Concentration of effective hemoglobin; SD: Standard deviation
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It has been reported that the most common acid-base disor-
der seen in ICUs is metabolic alkalosis (6, 12). The consequenc-
es of this condition include neurological disorders, hypoventi-
lation, and decreased systemic oxygen (13). According to the 
acid-base change, the oxygen-hemoglobin dissociation curve 
shows a shift to the right with metabolic acidosis and a de-
crease in oxygen affinity and a shift to the left with metabol-
ic alkalosis and an increase in oxygen affinity (14). Moreover, 
the alkalosis-induced vasoconstriction impairs ctO2. Alkalemia 
causes smooth muscle constriction in vitro and reduces tis-
sue perfusion in vivo (15). Hence, the correction of metabol-
ic alkalosis ensures better presentation of oxygen to tissues 
by reducing the affinity of hemoglobin to oxygen. This study 
showed that in patients, the effect of pediatric tracheotomy 
on acid-base balance tended to reduce bicarbonate levels. 

This study had some limitations. The first limitation was asso-
ciated with ventilation parameters. The follow-up of intubated 
patients with a mechanical ventilator requires some basic set-
tings. Basic mechanical ventilator settings include ventilation 
mode, fraction of inspired oxygen level, tidal volume, respi-
ratory rate, inspiratory flow rate, and positive end-expiratory 
pressure (16). The physician changes these settings according 
to the patient’s oxygenation and pCO2. These settings need to 
be changed continuously depending on the patient’s clinical 
condition. However, as there is no specific algorithm for editing 
these settings, they are edited according to the personal expe-
rience of the physician, and thus, there is no specific standard 
for them. Although this study did not include these parame-
ters, which are the main determinants of the patient’s oxygen 
and CO2 levels, the blood gas parameters, which are the out-
comes of all these parameters on the patient, were used. Be-
cause all otolaryngologists may not be familiar with mechanical 
ventilation parameters, it was considered more appropriate to 
obtain blood gas parameters to evaluate tissue oxygenation. 
There is also a need for large-series studies evaluating the ef-
fect of mechanical ventilation parameters on tissue oxygen-
ation. Another limitation was the calculation of ctO2. As ctO2 
is a formula, it requires a detailed calculation. This calculation 
requires time and effort by the physician. However, calculating 
ctO2 using the blood gas analyzer will overcome this difficulty.

In conclusion, although it was known that tracheotomy increas-
es tissue oxygenation, this effect was shown quantitatively by 
this study. Because of ctO2, effective tissue oxygenation can 
be monitored more accurately during patient follow-up. In ad-
dition to providing otolaryngologists with the option of eval-
uating the results of tracheotomy objectively, this may be a 
guiding study for patient follow-up and objective evaluation of 
treatment results in the case of any obstructive disease such 
as obstructive sleep-disordered breathing. There is also a need 
for studies showing the mechanism by which tracheotomy in-
creases tissue oxygenation in the capillary circulation.
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