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Abstract 

Observational study of percutaneous vs. surgical tracheostomy in the critically 

ill: A comparison of outcome in Swedish intensive care unit patients.  

Karl Stattin 

Background Tracheostomy is a common procedure in critically ill patients, where a 

hole is made in the windpipe and a tube is inserted. There are two techniques of 

performing a tracheostomy: surgical (ST) and percutaneous dilatational 

tracheostomy (PDT). The latter has been associated with a lower incidence of 

bleeding and stomal infection. The aim of this study is to examine the use of these 

methods in Swedish ICUs and to analyze ICU length of stay (ICU LOS) and 30-day all-

cause mortality. 

Material and method: Entries in the Swedish Intensive Care Register (SIR) between 

2008-2012 were examined, and admissions with a tracheostomy performed during 

their first period of mechanical ventilation were included in a retrospective cohort 

study. Patient characteristics, type of tracheostomy performed, time from start of 

mechanical ventilation until tracheostomy, ICU LOS and 30-day mortality were 

recorded. Quantile linear regression was used to estimate ICU LOS, and linear 

regression was used to examine 30-day all-cause mortality. 

Results: Patient characteristics did not differ between methods of tracheostomy. The 

proportion of PDT varied between 0-100% between centers. 30-day all-cause 

mortality, adjusted for age, sex, SAPS3 (Simplified Acute Physiology Score)-risk 

index and type of hospital was higher in the PDT group, odds ratio 1.17 (95 % CI 

1.02 – 1.35, p<0.05). Patients with PDT received their tracheostomy earlier and had 

shorter ICU LOS, median 14.5 days (interquartile range 9.5-21.6), vs. 15.4 days (9.9-

23.2) P<0.001. 

Discussion: This study shows statistically significant higher all-cause mortality 

among patients who received a percutaneous tracheostomy, although residual 

confounding is likely to be present. Patients undergoing PDT trended towards 

shorter ICU LOS, which may be explained by easier weaning.  
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En observationsstudie av perkutan och kirurgisk tracheostomi hos kritiskt 

sjuka: en jämförelse av utfall bland svenska intensivvårdspatienter.  

Karl Stattin 

Bakgrund: Tracheostomi är ett kirurgiskt ingrepp som ofta utförs på kritiskt sjuka 

patienter, då man skär ett hål in i luftstrupen och sätter in en tub genom vilken 

patienten kan andas själv eller respiratorvårdas. Det finns två operationstekniker 

för tracheostomi: kirurgisk tracheostomi (ST) och perkutan dilatationstracheostomi 

(PDT). Den senare har kopplats till lägre förekomst av blödning och sårinfektion. 

Målet med denna studie var att jämföra användningen av dessa metoder på svenska 

intensivvårdsavdelningar (IVA) och undersöka skillnaden i vårdtid på IVA och 

dödlighet inom 30 dagar. 

Material och metod: Vi analyserade vårdtillfällen registrerade i Svenska 

Intensivvårdsregistret mellan 2008 och 2012. Alla vårdtillfällen där en tracheostomi 

utfördes under den första perioden av mekanisk ventilation inkluderades i en 

retrospektiv kohortstudie. Information om patientkaraktäristika, val av 

tracheostomimetod, tid mellan start av mekanisk ventilation och genomförande av 

tracheostomi, vårdtid på IVA och dödlighet inom 30 dagar inhämtades. Samband 

mellan metod och utfall av vården (vårdtid resp. dödlighet) analyserades med 

regressionsanalys. 

Resultat: Patienter som genomgick PDT och ST skiljde sig inte signifikant avseende 

ålder, kön eller SAPS3-risk för död. Val av metod varierade mellan 

intensivvårdsavdelningarna, vissa använde enbart PDT, andra enbart ST, medan 

många använde bägge metoderna. 30-dagarsmortalitet justerat för kön, ålder, 

SAPS3-risk för död och storlek på sjukhuset var högre i gruppen som genomgått 

PDT, oddskvot 1,17 (95 % konfidensintervall 1,02 – 1,35, p<0,05). Patienter med 

PDT genomgick tracheostomi tidigare och hade kortare vårdtid, median 14,5 dagar 

(interkvartil 9,5-21,6), mot 15,4 dagar (9,9-23,2) P<0,001 hos de som genomgick ST. 

Diskussion: Denna studie visar högre dödlighet bland patienter som genomgått 

perkutan tracheostomi. Skillnaden kvarstod efter justering för kända faktorer som 

kan påverka metodvalet, men det är möjligt att den kvarvarande skillnaden kan 
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förklaras av andra störfaktorer. Kortare vårdtid av patienter med PDT kan förklaras 

förenklad respiratoravvänjning. 
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Background 
Tracheostomy1 is a procedure where an opening into the trachea is created and a 

tube is inserted through which the patient may be ventilated or breathe. It is a 

common procedure in patients on intensive care units (ICUs). Its main indications 

include need for prolonged mechanical ventilation, ventilator weaning failure, 

management of airway secretions and upper airway obstruction (1).  

    The first mention of tracheostomy originates from Rig Veda, a Hindu medical book 

written from oral tradition stemming from 2000 BC that described the healing of an 

incision of the throat. The first written explicit account of tracheostomy is 

accredited to Egyptian physicians 1500 BC. Allegedly, Alexander the Great (356–323 

BC) saved a soldier from suffocating on a bone by opening his trachea with the tip of 

his sword. Italian physician Antonia Brasavola is credited to have performed the 

first successful documented tracheostomy in 1546 on a patient with laryngeal 

abscess (2). In the 19th century, the procedure was performed on children with 

diphtheria. Chevalier Jackson popularized the procedure by defining technique and 

indications of tracheostomy in the early 20th century (1). 

 

Benefits and disadvantages of tracheostomy 

As with all surgical procedures, the decision to perform tracheostomy requires 

weighing risks of performing a surgical intervention with the risks of abstaining. 

Current opinion favors an individualized approach to if, and when, tracheostomy 

should be performed (3).  

    Tracheostomy may carry series of advantages compared to endotracheal 

intubation. Ventilator weaning is easier in tracheotomized patients (1). Patients 

with an orotracheal tube suffer a greater work of breathing due to its greater length, 

                                                        
1 A note on terminology: Tracheotomy derives from Greek trachea arteria, rough 
artery, and tome, cut, hence ”cutting the trachea” while the suffix of tracheostomy 
derives from stoma, opening, hence “an opening in the trachea” (1).  Some authors 
prefer one spelling or the other while others use them interchangeably. For the sake 
of consistency, this paper will use tracheostomy throughout. 
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its winding route through the upper airway and the materials’ tendency to deform 

in vivo due to heat (a characteristic known as “thermoliability”). All of these factors 

increase airway resistance.  Some patients suffer even higher work of breathing 

some time after extubation because of partial airway collapse caused by inadequate 

airway control. Tracheostomy offers lower airway resistance due to a shorter, stiff 

tube, circumvents the need for strong airway control (as the patient may breathe 

through the cannula without ventilator support) and provides the means to easily 

discontinue or resume ventilator support as needed (4). Additionally, tracheostomy 

facilitates suctioning of secretions which increase airway resistance in ventilated 

patients (5). 

    Tracheostomy is tolerated better than endotracheal intubation and patients 

require less intravenous sedatives and spend less time heavily sedated after 

tracheostomy (6). Heavy sedation is detrimental. Continuous infusion of sedatives is 

associated with need for prolonged duration of mechanical ventilation and extended 

ICU length of stay. Heavy use of sedatives may lead to development of tolerance and 

withdrawal symptoms upon discontinuation (7). Paradoxical agitation and 

psychotic symptoms are uncommon, but may occur (8). 

    Tracheostomy offers safer airway control. Approximately 1% of patients with 

tracheostomy experience unplanned decannulation, compared to an incidence of 

accidental extubation of 8.5 to 21% in orotracheally intubated patients (5). Safer 

airway control allows patients to achieve a greater degree of autonomy earlier, such 

as being able to be moved to a sitting position (6).   

    Orotracheal intubation causes damage to the mouth and larynx, although it is 

unclear whether this is exacerbated by long duration of intubation. The absence of 

an oral tube allows for better oral hygiene, earlier resumption of oral feeding and 

permits verbal communication. Inability to communicate is one of the greatest 

sources of psychological stress for patients in the ICU, and regaining the ability to 

communicate improves comfort and sense of control (5).  
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Complications 

Perioperative complications of tracheostomy include airway loss, damage to 

cervical structures, bleeding, pneumothorax or pneumomediastinum (3). 

    In the postoperative period, wound infection, aspiration and pneumonia may 

occur, fistulae may form (for example tracheoesophageal or tracheo-innominate 

artery fistula) and damage to the trachea may become symptomatic (for example in 

the form of tracheal stenosis, tracheomalacia or granuloma formation) (9).  

 

Early vs. late tracheostomy  

It is debated whether tracheostomy should generally be performed soon after 

initiation of mechanical ventilation or if it should be delayed. There is no clear 

definition what should qualify as an “early” or “late” tracheostomy, which makes 

comparisons between studies difficult. A recent Cochrane review found the current 

evidence insufficient to recommend either early or late tracheostomy, although 

several studies trended towards lower mortality and shorter ICU length of stay for 

the early tracheostomy group (10). The large randomized controlled Tracman study 

found no difference in 30-day mortality or ICU length of stay when comparing 

tracheostomy performed within 4 days and after 10 days of intubation (11). 

 

Tracheostomy techniques 

There are two types of tracheostomy technique. The modern surgical tracheostomy 

(ST) was described the early 20th century by Jackson (1) and percutaneous 

dilatational tracheostomy (PDT) using tapered dilators to create a stoma was 

described by Ciaglia in 1985. The newer method has since gained in popularity and 

is often described as the method of choice (12). 

 

Surgical tracheostomy is preferentially performed in an operating theatre, but may 

be performed bedside. Local anesthesia may be used, but general anesthesia is 

preferred. The patient is placed with the neck somewhat extended, and a 3-5 cm 

long transverse incision is placed 1 cm caudal of the cricoid cartilage.  Muscles are 

moved laterally, and the thyroid isthmus is moved or divided. The endotracheal 
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tube is pulled rostral of the intended tracheal incision but is kept in the trachea if 

the need for urgent reintubation arises. The trachea is cut vertically or horizontally, 

and the tracheostomy tube is inserted between the second and third or third and 

fourth tracheal rings (1). The fact that ST is often performed in the operating theatre 

is important, as the transport of critically ill patients is difficult, and adverse events 

are common and may be life-threatening (13). 

    There are several different percutaneous tracheostomy techniques. The original 

method as described by Ciaglia involves making a small skin incision and puncturing 

the trachea with a needle. A small amount of local anesthetic is instilled and a j-

tipped guidewire is passed through the needle. The needle is removed and a guide 

catheter is passed over the guidewire. A series of gradually larger blunt dilators are 

passed over the guidewire in order to widen the stoma until the tracheostomy 

cannula may be inserted (14). A modern adaptation has replaced the series of 

dilators with a single conical dilator (Ciaglia Blue Rhino, Cook Critical Care). The 

PercuTwist method is a slightly different technique, where a tapered dilator is 

rotated into the trachea in order to avoid excessive pressure on the anterior 

tracheal wall. The Griggs Guidewire Dilating Forceps technique uses a blunt forceps 

introduced over a guide wire similarly placed to dilate the tracheal wall. The Griggs 

Guidewire Dilating Forceps has a marginally higher incidence of complications, 

particularly bleeding. Single-dilator methods have similar complication rates to 

serial dilator methods, but take less time. Percutaneous tracheostomy is usually 

done under continuous bronchoscopic guidance to mitigate the risks of performing 

a blind procedure (1). 

 

Tracheostomy should not be confused with cricothyrotomy, a procedure where the 

trachea is opened between the thyroid and cricoid cartilages. It is usually used for 

aspiration of secretions and in emergent airway loss (1). Previously, cricothyrotomy 

was thought to elevate the risk for subglottic stenosis, and conversion to 

tracheostomy within 72 hours was recommended. Recent studies have not found 

this connection and the topic is currently controversial (15). 
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Tracheostomy is contraindicated if a skin infection covers the area of the incision or 

if cervical anatomy is completely impossible to discern due to earlier surgery (1).  

Percutaneous tracheostomy is generally not recommended in patients with 

coagulopathy or with difficult cervical anatomy; for example short neck, obesity, 

large thyroid gland, previous surgery to the neck (including tracheostomy), 

fractures to the face or neck or if the patient is treated with halo traction or has 

severely calcified tracheal rings (5). Contradicting previous recommendations, a 

recent study suggests that PDT does not confer a higher risk of complications in 

patients with BMI of >30 and that although patients with coagulopathy had more 

frequent bleeding, complications were still rare (16). 

 

Percutaneous vs. surgical tracheostomy 

It has not been elucidated whether PDT or ST is superior. Several factors hamper 

efforts to study differences in outcome. Since tracheostomy placement and 

postoperative scarring look different, blinding is difficult. Many studies suffer from 

flawed randomization. ST is generally performed on patients with difficult anatomy, 

which introduces selection bias. Not all studies state which method of ST or PDT 

was used. Outcome after a procedure depends on the experience of the operator, 

and operator preferences makes it is difficult to compare outcomes even if only one 

operator is studied. Different studies use different definitions of complications and 

outcomes, making comparisons and meta-analysis difficult. Different specialties 

have sided with different techniques, increasing risk of bias (3). 

    In 2011, Pappas et al analyzed the quality of evidence of published studies 

assessing outcomes of PDT and ST and concluded that it is inadequate. Results have 

often been inconclusive, few studies are of adequate size and many suffer from 

skewed selection of patients, short follow-up and losing many patients to follow-up 

(17). Presented below are 5 major meta-analyses.  

 

Delaney et al found no differences in bleeding or mortality between patients 

undergoing PDT vs. ST, but found a statistically significant difference in 

postoperative infection favoring PDT. In the subgroup where ST was performed in 



 10 

an operating theatre, PDT performed bedside had shorter waiting time until the 

procedure was performed, lower incidence of bleeding and lower mortality. Delaney 

et al found no publication bias (18). 

    Dulguerov et al analyzed a large number of heterogeneous studies conducted 

between 1960 to 1996, including randomized, non-randomized, retrospective and 

prospective studies of both ICU patients and patients not critically ill. They found 

higher frequency of perioperative complications in patients undergoing PDT, but 

higher frequency of postoperative complications in the group receiving ST. 

Importantly, perioperative cardiopulmonary events and perioperative mortality 

was considerably higher in patients undergoing PDT (19). 

    Freeman et al found that PDT took less time to perform than ST and that it was 

associated with lower incidence of peroperative bleeding and overall postoperative 

complications, including bleeding and infection. The authors credit this to the fact 

that a percutaneously placed tracheostomy fits the stoma more snugly than would a 

surgical ditto. There was no difference in duration of endotracheal intubation prior 

to tracheostomy or mortality (20). 

    Higgins and Punthakee observed a higher risk for the potentially life-threatening 

event of obstruction or decannulation, but lower incidence of infection and scarring 

in the group of patients receiving PDT. No difference could be found for mortality, 

subglottic stenosis or bleeding. PDT was performed with less delay, was cheaper 

and hade shorter operative time. If ST was performed in an operating theatre, PDT 

had lower overall complications. The authors reported a publication bias, with a 

lack of small studies favoring ST (21). 

    Oliver et al compared bedside PDT, bedside ST and ST in an operating theatre, and 

found that PDT had the highest number of early minor complications, followed by 

ST in operating theatre. Bedside ST had the least amount of early complications, and 

was also the cheapest due to the cost of disposable instruments and use of 

bronchoscopy in PDT. This study excluded data where patients were assigned to ST 

in case of difficult anatomy, claiming this is a source of selection bias in other studies 

that confounds the analysis in favor of PDT (22). 
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Long term follow-up of patients with a tracheostomy is rare (23), but one 

randomized trial found no difference between PDT and ST regarding frequency of 

long-term complications at a follow-up after a median of 20 months (24).  

 

Purpose of this study 

It is unclear which method of tracheostomy is best and preferences vary between 

centers. The aim of this study was to examine the use of percutaneous and surgical 

tracheotomies in Swedish intensive care units between 2008 and 2012 and compare 

30-day all-cause mortality and duration of ICU stay by use of data in the Swedish 

intensive care registry (SIR). 

Method 

Data collection 

SIR is a national quality register started in 2001 that aims to assess and benchmark 

intensive care in Sweden. Since then members have risen from 18 ICUs, 

predominantly in cities in southern Sweden, to nearly all Swedish ICUs. Information 

registered includes, among other parameters, admission date, discharge date, 12-

digit personal identification number, patient characteristics such as sex, severity of 

illness classified with Simplified Acute Physiology Score III (SAPS32) risk index, 

cause of admission and procedures performed during ICU care. 

    During ICU care physicians and nurses enter data into a local database. Upon 

discharge the data is transferred to the central SIR database using a data transfer 

protocol. This protocol includes a validation script, which returns entries with 

logical errors to the center for correction before submitting the entry into the 

central database. 

    SIR updates mortality data every week from information found at Statens 

personadressregister (SPAR) using the unique personal number of all Swedish 

                                                        
2 SAPS3 is a model used for measuring the severity of illness of critically ill patients. 
It is evaluated at ICU admission and includes a set of weighted variables, including 
prior health status, cause of admission, recent surgery and severity of physiologic 
derangement(25). 
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residents. SPAR is a public register containing all individuals registered as residents 

in Sweden. It is updated every day with data from the Swedish Population register.   

 

All admissions to SIR between 1st January 2008 and 31st December 2012 were 

surveyed, and admissions including a period of invasive mechanical ventilation 

were selected. These entries were anonymized and exported to a database created 

specifically for this study. The admissions were analyzed for the presence of a 

tracheostomy during the first period of mechanical ventilation, in which case it was 

included in the study. If there were multiple periods of mechanical ventilation, only 

tracheostomies performed during the first period were included. Only the first 

tracheostomy was included if several tracheostomies were performed during the 

same admission. Only admissions from centers that always report performance of 

tracheostomy were included in the analysis. 

    Entries included in the study were analyzed for type of tracheostomy, time from 

start of mechanical ventilation until the tracheostomy was done, duration of 

mechanical ventilation, ICU length of stay and 30-day mortality. The following 

patient characteristics were identified as potential confounders and included in the 

analysis: sex, age, SAPS3-risk score and the hospital where the patient was treated. 

 

This project has been approved by the local ethics committee. 

 

Statistical analysis 

Differences in characteristics were examined using Student’s t-test and χ2 test as 

appropriate. Differences in time to tracheostomy and time in the ICU was analyzed 

using the Wilcoxon rank sum test. P<0.05 was considered statistically significant. All 

statistical analyses were performed using STATA/SE 13.0.  

Results 

Patient characteristics 
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Between 1st January 2008 and 31st December 2012, 5637 entries were found with a 

registered tracheostomy. There were more men in the cohort, women accounting 

for 37.1% and 36.2% of patients with ST and PDT, respectively. The mean age was 

61.8 years (standard deviation, SD 15.8) for patients with ST and 62.5 years (SD 

15.2) for PDT. SAPS3 risk of death was mean 44% (SD 23) for ST and 45% (SD 22) 

for PDT. Choice of technique did not vary between genders, with age or SAPS3 risk 

index.  

 

Table 1: patient characteristics. SD – standard deviation, IQR- interquartile range 

  ST PDT 

Number of tracheostomies 3 316 2 321 

Number of men 2 073 1 483 

Number of women 1 243 838 

Proportion women 37.1 % 36.2 % 

Age, yrs. Mean (SD) 61.8 (15.8) 62.5 (15.2) 

SAPS3 risk for death. 

Mean (SD) 
44 (23) % 45 (22) % 

30-day all-cause mortality 21.4 % 24.3 % 

Time until tracheostomy, days. 

Median (IQR) 
5.1 (2.7-7.9) 4.3 (2.1-7) 

Time with tracheostomy, days. 

Median (IQR) 
9.2 (5.0-16.3) 9.1 (5.2-15.0) 

ICU length of stay, days. 

Median (IQR) 
15.4 (9.9-23.2) 14.5 (9.5-21.6) 

 

Use of tracheostomy methods 

3316 surgical and 2321 percutaneous tracheostomies were performed in the period. 

41% of the recorded tracheostomies were percutaneous. The proportion of PDT vs. 

ST varied between Swedish ICUs from 0-100% (figure 1). The proportion did not 

vary with size of hospital (local hospital, county hospital or regional/tertiary care 

hospital) (figure 2).  
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    Tracheostomy was performed earlier in patients receiving PDT, with a delay of 4.3 

days (interquartile range 2.1-7) after initiation of ventilator treatment vs. 5.1 days 

(interquartile range 2.7-7.9) in patients receiving ST, p<0.001. 

 

 

Fig 1: tracheostomy technique according to center. 
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Fig 2: proportion of PDT by number of tracheostomies at ICU, straight line: average, 

curved lines: ±2 standard deviations. X axis: number of admissions with 

tracheostomy at ICU. Y axis: proportion of tracheostomies at ICU that were 

percutaneous. 

 

All-cause mortality 

30-day all-cause mortality was 21,4% in the group receiving ST and 24,3% in the 

group receiving PDT. Unadjusted mortality was hence greater in the PDT group: 

odds ratio 1.2 (95% CI: 1.06–1.36). This difference persisted adjustment for sex, age, 

SAPS3-risk and type of hospital; OR 1.17 (95% CI 1.02-1.35).  
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Table 2: Factors in multiple logistic regression model related to 30-day all-cause 
 OR 95% CI 
Surgical tracheostomy 1 - 
Percutaneous 
tracheostomy 

1.17 1.02-1.35 

Male gender 1.15 0.99-1.33 
Age (per year) 1.04 1.03-1.05 
SAPS3 (per percent) 1.02 1.01-1.03 
Regional hospital 1 - 
Local hospital 1.28 1.01-1.61 
County hospital 1.38 1.18-1.61 
mortality. N=4660, only entries with all parameters necessary for analysis were 

included. 

 

 

Fig 3: Kaplan-Meier survival estimates of patients who received PDT and ST. X axis: 

time in months, Y axis: proportion of the patient group alive. 
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ICU length of stay was shorter (p<0.001) in patients undergoing PDT, median 14,5 

days (interquartile range 9.5-21.6), compared to 15.4 days (interquartile range 9.9-

23.2) in patients undergoing ST. 

Discussion 

This population-wide register study shows that choice of tracheostomy technique 

varies between Swedish ICUs, and that ST is more common than PDT. This 

difference in treatment cannot be readily explained by different case mix between 

ICUs. PDT is performed with less delay that ST, and patients undergoing PDT have 

shorter ICU LOS. Patients receiving PDT have higher 30-day all-cause mortality than 

patients receiving ST. Survival curves diverge approximately 2 weeks 

postoperatively. 

 

Our study shows higher 30-day mortality in patients undergoing PDT than in 

patients receiving ST, a difference that persists adjustment for age, sex, hospital and 

SAPS3-risk. Interestingly, the Kaplan-Meier mortality curves do not diverge 

considerably until after 2-3 weeks postoperatively. This difference may be due to 

inherently greater risks of PDT, but possible presence of residual confounding and 

wide confidence intervals urge careful interpretation. The Seldinger technique 

employed in PDT may not allow for as rigorous control of the operating area as an 

open surgical procedure would, which could account for increased occurrence of 

complications and difficulties in controlling damage of incident adverse events. 

Hence, complications rare in ST could hypothetically occur more frequently in PDT, 

such as paratracheal insertion of the cannula, posterior tracheal wall laceration and 

perforation of major vessels. Late manifestation of complications (such as the 

formation of fistulae) may account for delayed difference in mortality. 

    Results regarding time until tracheostomy and ICU LOS should be interpreted 

with caution due to wide interquartile ranges and overlapping time estimates 

between the groups. According to our analysis, PDT is performed on average one 

day earlier than ST. This trend may be due to that PDT is often performed bedside 
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by intensivists, obviating the need for operation room scheduling and surgeon 

consultation, thus avoiding delays (18). Short time interval until tracheostomy may 

facilitate weaning, although this is debated (10,11). This could contribute to the 

shorter duration of ICU length of stay in the PDT group. 

    Choice of technique varies considerably between ICUs. The pattern of distribution 

suggests that differences are not caused by disparities in patient demographics, but 

due to local treatment preferences. A contributing factor to the perseverance of local 

traditions may be that small hospitals may not have the volume of patients 

necessary to maintain competence for two different procedures, forcing a choice. 

Larger hospitals, however, also differ in proportion of ST vs. PDT.  

 

The greatest strength of this study is the nation-wide cohort. As nearly all patients 

admitted to Swedish ICUs are registered, there is little volunteer bias. The study 

population comprises most of the general ICU population, leading to high external 

validity. Very large patient materials confer high statistical power. The personal 

identification number allows for near complete follow-up and the possibility to 

combine information from different registers (for example ICU admissions from SIR 

and mortality from SPAR). 

 

Generally, previous studies exhibit little or no difference in mortality and only 

relatively minor differences in complication rates between PDT and ST (18–22), 

often favoring PDT. Our study showed considerably higher mortality in patients 

receiving PDT. Although previous studies generally have a smaller patient selection, 

such a large difference would still have been detected, indicating the presence of 

unmeasured factors in our study. Possible causes of confounding include difference 

in BMI between patient groups, location where the procedure is performed, risk of 

misclassification of exposure, confounding by severity, confounding by indication 

and differences in rate of discharge with a tracheostomy still in place. 

    Body mass index (BMI) of patients may confound the relationship between choice 

of procedure and outcomes. A common cause of obscure cervical anatomy, obesity is 

often considered a relative contraindication for PDT (1). Obesity may be a predictor 
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for favorable outcome in the ICU (26). This may select patients with worse 

prognosis for PDT. Unfortunately, SIR does not include BMI of patients in but a small 

subset of patients with extended ICU length of stay. This group was of insufficient 

size to calculate if the general trend in mortality and length of stay also applies to 

obese patients. Subsequent studies may connect SIR to the In-Patient Register or the 

Scandinavian Obesity Surgery Registry in order to acquire BMI data of a larger 

group of patients. 

    Our analysis did not include data whether the procedure was performed in the 

ICU or at an operating theatre. Earlier studies have shown that percutaneous 

tracheostomy performed in the ICU have lower incidence of complications 

compared to surgical tracheostomy performed in operating rooms and attribute this 

difference to the need to transport the patient to the operating room (21).  Indeed, 

one third of transports of critically ill patients experience at least one adverse 

incident (27). Other benefits offered by bedside intervention may include lower cost 

(21) and shorter time from decision to perform tracheostomy to actual execution of 

the procedure (18). Surgical tracheostomy may also be performed bedside, in which 

case it could in fact be the procedure with the lowest incidence of complications 

(22). Stratifying patients for location of performance of the procedure may yield 

additional insight as to optimal treatment. 

    Mortality is a clear outcome with little risk of misclassification. Exposure is less 

clearly defined in our study, as tracheostomy technique sub-type is not listed in the 

register, nor specialty or experience of operator. Choice of type of percutaneous 

tracheostomy technique may affect outcome (1), as well as specialty of operator. 

Higgins et al observed a small advantage for ST if a surgeon performed both 

procedures. They theorize that this may be due to the fact that surgeons are more 

familiar with the open technique. Conversely, surgical trainees often first learn ST 

and then advance to PDT, which may cause longer operation time and higher 

resource use (21). Any such trends remain unknown in this study due to lack of 

information. 

    Patients in an emergent critical state or a chronic poor condition may at an early 

stage indicate the need for long term-ventilation, thus resulting in the performance 
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of a tracheostomy. Patients unfit for transport to an operating theatre may be 

elected for bedside tracheostomy. All these situations could bias the choice of 

tracheostomy technique towards PDT, thus creating confounding by severity. In 

order to mitigate a possible difference in disease severity, the logistic regression 

analysis included SAPS3 mortality risk. SASPS3 is, however, only recorded at 

admission. In future studies, a scoring system that may be recorded continually, 

such as Sequential Organ Failure (SOFA), may be employed in order to adjust for 

events occurring during ICU care. 

    Confounding by indication cannot be excluded. The choice of tracheostomy 

technique may be influenced by the patients’ underlying condition. Different 

subtypes of ICU (i.e. neurointensive care units, thoracic ICU, medical/surgical ICUs, 

etc.) have different preferences in tracheostomy technique. As patients at different 

types of ICU have different prognosis, this may influence the outcome of a 

comparison between techniques. 

     Martinez et al reported that discharge from ICU with a tracheostomy may 

increase ward and long-term mortality (28). In light of this, discharge with a 

tracheostomy in place confounds our analysis if there is a difference in rate of 

discharge with tracheostomy between the study groups. This could add to the 

difference in mortality seen after 2-3 weeks. Further, this could indicate that an 

early tracheostomy may be detrimental, as some patients may have received an 

“unnecessary” tracheostomy.  This association warrants further research. 

 

The dataset from SIR does not differentiate between cricothyrotomy and 

tracheostomy, but the incidence of elective cricothyrotomy is expected to be low 

and interference with results is unlikely. 

 

Conclusion  

This study showed an increased mortality, mainly from 2 weeks postoperatively, in 

patients receiving PDT. A difference this large has not been demonstrated in any 

previous study. PDT was performed sooner after start of mechanical ventilation 

than ST, and patients with PDT had shorter ICU length of stay. The association 
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between early tracheostomy and early discharge warrants further investigation. 

Technique of choice varies between hospitals likely due to local treatment 

traditions. Choice of technique should be personalized to each patient, but if one 

technique is found to be less expensive, resources could be saved by preferentially 

using the cheaper procedure. 
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