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ABSTRACT 

Palatine tonsils are bundles of lymphatic tissue located in the oropharynx and 
are a part of the defensive immune system. Obstructive symptoms caused by 
tonsillar hypertrophy are common in children, and sleep-disordered breathing 
(SDB) constitutes the most common indication for tonsil surgery. In Finland, 
tonsil operations are the second most common paediatric procedure after 
tympanostomy in otorhinolaryngology (ORL). For a long time, the only 
performed tonsil procedure was tonsillectomy (TE), which refers to removal of 
all tonsillar tissue along with the capsule. TE reserves relatively high morbidity, 
and the recovery is fairly long and painful. Additionally, many patients suffer 
from complications, most often postoperative haemorrhage. Especially for 
children, haemorrhage can be harmful, as the circulating blood volume is small 
compared to that in adults. Hence, tonsillotomy (TT), the less invasive method 
of tonsil surgery, has gained popularity in recent years. According to 
international studies, TT is related to fewer complications, and the recovery 
period is shorter compared to TE. However, Finnish studies on TT are still 
lacking. Although international studies have demonstrated the advantages of TT, 
there are still concerns regarding the procedure, especially regarding the risk for 
tonsillar regrowth. Thus, TE is sometimes preferred over TT by some surgeons.  

This thesis aimed to examine tonsillotomy – its utility in children 
– and to discuss the potential benefits and disadvantages of TT compared to 
traditional tonsillectomy. Another objective was to explore the predisposing 
factors for tonsillar regrowth and the incidence of resurgery. 

The first study analysed the trends in tonsil surgery over a 10-year 
period in a single tertiary care hospital and evaluated the effects of these changes 
on the incidence of tonsil surgery complications and specialist service costs. TTs 
were started at the Department of ORL, Helsinki University Hospital (HUH), in 
2009, and since 2011, TT has become a more common method in the treatment 
of SDB in children than TE. Consequently, the incidence of complications, 
especially postoperative haemorrhages, has decreased, thereby lowering 
hospital costs.  

In the second study, the postoperative recovery after TT and TE 
was evaluated and compared in a prospective cohort of children. All the 
recovery-related outcomes showed a tendency towards faster recovery after 
monopolar TT than TE; for children who had undergone TT, the need for 
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analgesics was shorter, and they were able to return to normal activities earlier 
than children who had undergone TE.  

The third study examined the health-related quality of life 
(HRQoL) and the costs of use of health care in children operated with TT. The 
results of this study were compared to those of an earlier cohort of children 
operated on with TE. Both TT and TE improved HRQoL in children with SDB 
and reduced health care service needs and sick leave days. There was no 
difference in the mean total hospital costs between TT and TE in the one-year 
follow-up.  

The fourth study histologically evaluated the differences in tissue 
from children with re-hypertrophy of tonsils after TT and those with tonsillar 
hyperplasia without a history of earlier surgery. Also, the incidence of 
reoperations and potential predictive factors for tonsillar regrowth were 
assessed retrospectively. There was no evidence of severe chronic inflammation 
or scarring in the regrown tonsils. The presence of markers of inflammation was 
more frequent in the regrown tonsils than in the controls. This was thought to 
be associated with inflammation caused by infections, which were more 
common in the regrowth group. The incidence for resurgery was low (1.9%), and 
young age seemed to be a predictive factor for tonsillar regrowth. The risk for 
resurgery was 0.8% for children older than 4 years of age. No other certain risk 
factors were shown.  

This study confirmed the superiority of TT over TE in several 
aspects: the recovery from surgery was faster and less painful after TT than after 
TE, and the rate of complication was lower. TT improved HRQoL and reduced 
visits of health care. The incidence of resurgery because of tonsillar regrowth was 
low.  
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TIIVISTELMÄ 

Nielurisat sijaitsevat suunielussa ja ovat osa elimistön puolustusjärjestelmää 
infektioita vastaan. Nielurisojen liikakasvun aiheuttama kuorsaus ja 
hengityskatkokset ovat hyvin tyypillisiä oireita lapsilla. Suomessa kita- ja 
nielurisaleikkaukset ovat toiseksi yleisin syy päiväkirurgiseen leikkaukseen 
lapsilla tärykalvoputkituksen jälkeen. Aikaisemmin nielurisaleikkaukset tehtiin 
leikkauksen syystä riippumatta nielurisojen kokopoistoina, joka tarkoittaa 
nielurisojen poistamista kapseleineen lihaskerrokseen saakka. Nielurisan 
kokopoistoleikkauksesta toipuminen on verrattain hidasta ja kivuliasta, lisäksi 
siihen liittyy riski jälkiverenvuodosta, joka voi olla vaarallinen erityisesti lapsille 
heidän pienen verivolyyminsä vuoksi. Näistä ongelmista johtuen viime vuosina 
on otettu käyttöön lasten nielurisojen liikakasvun hoidossa nielurisojen 
osapoistoleikkaus, johon on kansainvälisissä tutkimuksissa osoitettu liittyvän 
pienempi jälkiverenvuotoriski sekä nopeampi toipuminen verrattuna 
kokopoistoon. Suomessa tehtyjä tutkimuksia nielurisojen osapoistosta ei ole. 
Vaikka osapoistossa on osoitettu olevan monia etuja verrattuna kokopoistoon, 
on osapoiston jälkeen olemassa riski risakudoksen uudiskasvulle ja oireiden 
palaamiselle, jolloin saatetaan päätyä uusintaleikkaukseen.  Tämä on 
mahdollinen syy siihen, että edelleen suositaan myös perinteistä nielurisojen 
kokopoistoa. 

Tutkimuksen tavoitteena oli tutkia nielurisojen 
osapoistoleikkausta, sen tehokkuutta, turvallisuutta ja käyttökelpoisuutta 
lapsilla, ja verrata edellä mainittuja tekijöitä nielurisojen 
kokopoistoleikkaukseen. Lisäksi selvitettiin nielurisojen taipumusta kasvaa 
uudelleen ja tarvetta uusintaleikkaukseen, sekä niihin vaikuttavia tekijöitä.  

Väitöskirjan ensimmäisessä osatyössä tavoitteena oli kartoittaa 
nielurisakirurgian muutoksia kymmenen vuoden aikana Helsingin 
yliopistollisessa sairaalassa (HYKS) ja selvittää muutosten vaikutuksia 
nielurisakirurgian komplikaatioiden esiintyvyyteen ja erikoissairaanhoidon 
kustannuksiin. Nielurisojen osapoistoleikkaukset aloitettiin HYKS Korva-, 
nenä- ja kurkkutautien (KNK) -klinikalla vuonna 2009, ja vuodesta 2011 
nielurisojen osapoisto on ollut käytetympi menetelmä lasten suurentuneiden 
nielurisojen aiheuttamien oireiden hoidossa kuin kokopoistoleikkaus. 
Muutoksen seurauksena todettiin lasten nielurisaleikkauksiin liittyvien 
komplikaatioiden, erityisesti jälkiverenvuotojen, vähentyneen merkittävästi. 
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Myös osapoiston sairaalakustannusten todettiin olevan pienemmät verrattuna 
kokopoistoon.  

Toisessa osatyössä seurattiin lasten toipumista nielurisakirurgian 
jälkeen. Tutkimuksessa havaittiin, että diatermialaitteella tehdyn nielurisojen 
osapoistoleikkaukseen jälkeen lapset toipuivat nopeammin, kärsivät vähemmän 
kivusta ja tarvitsivat lyhyemmän aikaa kipulääkkeitä kuin lapset, joille oli tehty 
nielurisojen kokopoistoleikkaus.  

Kolmannessa osatyössä tutkittiin nielurisojen osapoiston 
vaikutusta lasten elämänlaatuun ja terveydenhuollon kustannuksiin sekä 
verrattiin tuloksia aikaisemmin kokopoistoleikkauksella hoidettujen lapsien 
tuloksiin. Tutkimuksessa todettiin, että kuorsauksen vuoksi leikatuilla lapsilla 
elämänlaatu parani yhtäläisesti molemmissa ryhmissä. Osapoiston osoitettiin 
olevan kustannustehokasta, eikä vuoden seurannassa havaittu eroa 
erikoissairaanhoidon kustannuksissa toimenpiteiden välillä.  

Neljännessä osatyössä selvitettiin, eroaako osapoiston jälkeen 
uudelleen kasvaneen risan histologinen rakenne tavanomaisesta suurentuneesta 
nielurisasta. Lisäksi selvitettiin HYKS KNK-klinikalla 11 vuoden aikana 
leikattujen lasten uusintaleikkausriskiä sekä siihen vaikuttavia tekijöitä. 
Histologiset tutkimukset osoittivat, että uudelleen kasvaneissa nielurisoissa ei 
ollut merkkejä kroonisesta tulehduksesta tai arpimuodostuksesta. 
Uudiskasvaneessa nielurisakudoksessa todettiin enemmän tulehdusvasteeseen 
liittyviä löydöksiä verrattuna aikaisemmin leikkaamattomaan risakudokseen. 
Histologiassa todetut erot ajateltiin mahdollisesti liittyvän leikkausta edeltäviin 
nieluinfektioihin, joita uusintaleikkausryhmässä esiintyi enemmän. Riski 
uusintaleikkaukseen oli matala (1.9 %), mutta nuori ikä leikkaushetkellä vaikutti 
olevan yhteydessä suurempaan uusintaleikkausriskiin. Yli 4-vuotiaiden lasten 
riski uusintaleikkaukselle oli 0.8%.  

Tutkimuksemme osoitti, että verrattuna nielurisojen kokopoistoon 
nielurisojen osapoistoleikkaus on lapsen eduksi, leikkauksesta toipuu 
nopeammin ja kivut ovat vähäisempiä. Leikkaukseen liittyviä komplikaatioita 
esiintyi vähän. Toimenpiteen seurauksena lasten elämänlaatu parani ja 
terveydenhuollon käynnit nieluoireiden vuoksi vähenivät. Uusintaleikkauksen 
tarve nielurisojen uudiskasvun vuoksi oli pieni.  
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1 INTRODUCTION 

Palatine tonsils are located in the oropharynx and are part of the tonsillar ring 
called the Waldeyer’s ring (von Waldeyer-Hartz, 1884). The main purpose of 
tonsils is to be a part of the defensive immune system by trapping microbial 
pathogens entering through the mouth and nose (Brandtzaeg, 2003; Perry & 
Whyte, 1998). In Finland, tonsil surgeries are the second most common 
paediatric procedure in otorhinolaryngology (ORL) (National Institute of Health 
and Welfare, 2014). The tonsils are most often removed because of obstructive 
symptoms caused by hypertrophic tonsils. For a long time, the only tonsil 
procedure performed was tonsillectomy (TE) (Grob, 2009), which refers to the 
removal of all tonsillar tissue along with the capsule. Despite this surgery being 
one of the most often performed ENT procedures, it reserves relatively high 
morbidity, and many patients suffer from complications, mostly postoperative 
haemorrhage with indicence of 3-15% (Chang et al., 2016; Odhagen et al., 2019; 
Sarny et al., 2013; Tolska et al., 2018). The haemorrhage can be harmful, 
especially for children, and, in rare cases also fatal complication (Shay et al., 
2015; Stevenson et al., 2012; Østvoll et al., 2015).  
 
Removal of the tonsils has been practiced since antiquity. In the first century 
A.D., Cornelius Celsus in Rome described blunt removal of inflamed tonsils by 
using a finger (McNeill, 1960). This technique was followed by the presentation 
of a snare, ligation and, eventually, the tonsillotome, ‘tonsil guillotine’, which 
was used for over eighty years to cut off the protruding part of the tonsil. The 
procedure was in effect TT, because only the part of tonsil was removed (McNeill, 
1960). Dissection TE was described first in 1906 (Wilson; Ballenger; Griffin), 
and it became the preferred method for tonsil excision using sharp dissection 
(Koempel et al., 2006). In the last few decades, many different resection tools 
have been used for TE, ranging from cold to hot instruments, but the endless 
dilemma remains – how to combine the need for an effective procedure and safe 
and painless surgery. Therefore, the previously abandoned method of tonsil 
surgery, tonsillotomy (TT) was reintroduced in the late 90s (Hultcrantz et al., 
1999; Linder et al., 1999). Nowadays, in the literature, TT is often used to 
describe the partial removal of only the protruding part of the tonsil, and 
intracapsular tonsillectomy (ICT) is used to describe removing more, even 90% 
of tonsillar tissue (Windfuhr et al., 2015). However, a unified consensus of 
definitions is still lacking.   
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The reintroduced procedure has gained popularity, especially in many European 
countries, as the benefits of TT are being increasingly reported (Borgstrom et al., 
2017; Hultcrantz et al., 2013; Sarny et al., 2013; Windfuhr, 2016). TT has been 
proven to be superior to TE in several aspects, including postoperative pain 
control, decreased rates of post-tonsillectomy haemorrhage, and fewer hospital 
admissions (Ericsson et al., 2006a; Hultcrantz & Ericsson, 2004; Koltai et al., 
2003).  
 
At our tertiary care centre at the Department of ORL, Helsinki University 
Hospital (HUH), the first TTs were performed in 2009, and ever since, its use 
has increased; nowadays, it is the method of choice when tonsil surgery is 
performed for paediatric obstructive symptoms. As the method of tonsil surgery 
has changed, it is important to evaluate the effect of this change. The main aim 
of this thesis was to study the complications, readmissions, recovery, the risk for 
resurgery, and costs of health care related to TT. 
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2 REVIEW OF THE LITERATURE 

2.1 PALATINE TONSILS 

 

 
Figure 1. Palatine tonsils are located in the oropharynx.  
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2.1.1   ANATOMY AND FUNCTION 

In the human embryo, there are five pairs of branchial arches (numbered 1, 2, 3, 
4, 6) which develop on the lateral aspects of the head (Graham et al., 2019). The 
brachial pouches originate between these arches, and the palatine tonsils evolve 
from the 2nd branchial pouch (Isaacson & Parikh, 2008). They typically appear 
around the 4th or 5th month of gestation as bone marrow origin lymphoid stem 
cells and wandering lymphocytes get organised into a cellular architecture 
resembling that of lymph nodes (Isaacson & Parikh, 2008; von Gaudecker & 
Muller-Hermelink, 1982). At birth, tonsils are hidden between the tonsillar 
pillars. Immune stimulation begins shortly after birth in response to exogenous 
antigens. This results in the development of secondary follicles with active 
germinal centres. The proliferation of these germinal centres accounts for the 
rapid growth of the tonsils; as a result, the tonsils are most prominent during 
childhood (Isaacson & Parikh, 2008). The size of tonsils on contrast with the 
pharyngeal volume changes during the childhood (Scammon et al., 1930; 
Linder-Aronson & Leighton, 1983). The size of the tonsil tissue is normally 
largest at age from 4 to 5 years (Linder-Aronson & Leighton, 1983; Papaioannou 
et al., 2013). After that, the tonsils demonstrate age-dependent involution, which 
refers to the regression of the germinal centres and the proliferation of fibrous 
tissue, until the age of 20 years (Aydin & Uner, 2020; Manabe et al., 2017).  

The palatine tonsils, together with other lymphatic tissue located in the oro- and 
nasopharynx, comprise a circumferential tonsillar ring, known as Waldeyer’s 
ring (which consists of palatine tonsils, adenoid tonsils, lingual tonsils and tubal 
tonsils) (von Waldeyer-Hartz, 1884). The lymphatic tissue of the Waldeyer’s ring 
is a specific part of the mucosa-associated lymphoid tissue, consisting of 
immunocompetent cells (T-lymphocytes, macrophages and B-lymphocytes) and 
are important organs for antigen presentation (M. Perry & Whyte, 1998). These 
lymphoid tissues are thought to be part of the immune system, helping to fight 
infections by trapping microbial pathogens entering through the mouth and 
nose (Brandtzaeg, 2003; Perry & Whyte, 1998). Despite this important immune 
defence task, tonsil removal has not been shown to affect general health (van den 
Akker et al., 2006).  

In the oropharynx, tonsils are located in their respective tonsillar fossa. The 
palatoglossus muscle (anterior pillar) and the palatopharyngeal muscle 
(posterior pillar) form the boundaries of the tonsillar fossa, which lodges the 
palatine tonsils. The pharyngeal constrictor comprises the bottom of the fossa 
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and covers the glossopharyngeal nerve (Drake, 2019). The nerve supply to the 
palatine tonsils originates from the glossopharyngeal and maxillary nerves. The 
primary blood supply comes from the tonsillar branch of the facial artery, which 
originates from the external carotid artery. The tonsillar bed is also supplied with 
blood from small branches of the ascending palatine, the lingual, descending 
palatine and the ascending pharyngeal arteries. Venous blood drains through a 
peritonsillar plexus, and the plexus drains into the lingual and pharyngeal veins, 
which drain into the internal jugular vein. Lymphatic drainage ends up in the 
upper deep cervical lymph nodes, particularly the jugulogastric nodes (Netter, 
2011; Drake, 2019).  

 

Figure 2. Tonsils located in their respective tonsillar fossa.  

2.1.2 HISTOLOGY 
 
Palatine tonsils are two almond-shaped masses and are 1.5–2.5 cm3 in volume 
(Aydin & Uner, 2020). Their free surfaces are covered by nonkeratinised 
stratified squamous epithelium that are heavily infiltrated 
by lymphocytes. These epithelial layers are avascular (Perry, 1994). The surface 
epithelium forms 10–20 tonsillar crypts, which increase organ’s surface area and 
enhance the interaction of antigens with the underlying immunocompetent cells. 
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The lamina propria around the crypts contains many lymphoid follicles with 
germinal centres. B cells are found mostly in follicles and T cells in the periphery 
of each follicle or between follicles (Curran & Jones, 1978). The crypts and 
adjacent germinal centres are separated from each other by a band of thick 
connective tissue containing many vessels, nerves and lymphatics (Stelter, 
2014). An incomplete capsule of dense, fibrous connective tissue separates 
palatine tonsils from the surrounding muscle (superior pharyngeal constrictor), 
thereby providing a plane of section for surgical removal (Perry, 1994). The 
diameter of the vessels (arteries and veins) are the smallest at the intracapsular 
plane, and the diameter increases at the capsular and even further at the 
extracapsular plane (Lee et al., 2008). 

2.2 TONSILLOTOMY 
In children, tonsil surgery can be performed by two main methods: traditional 
tonsillectomy (TE) (also termed extracapsular, total or subcapsular 
tonsillectomy) or tonsillotomy (TT) (partial, subtotal or intracapsular 
tonsillectomy), the main subject of this thesis. TT means partial excision of the 
tonsillar tissue leaving at least some tonsillar tissue to the tonsillar fossa to 
protect nerve endings and blood vessels (Hultcrantz & Ericsson, 2004; Linder et 
al., 1999), whereas TE intends to remove the entire tonsillar tissue through a 
dissection of the peritonsillar space between the tonsil and the muscle wall in the 
tonsillar fossa. The first described technique of TT was that the contour of the 
remaining tonsil should be left on the level of the tonsillar pillars (Hultcrantz et 
al., 1999; Linder et al., 1999). A few years later, Koltai et al. (2002) represented 
intracapsular tonsillectomy (ICT), in which only a thin rim tonsillar tissue was 
left to cover the tonsillar fossa. There is no strict consensus of the nomenclature 
of partial tonsillectomy in the literature, and in this thesis, the abbreviation used, 
TT, includes all the partial tonsillectomy procedures. 

2.2.1 HISTORY 
 
Tonsil surgery has a long history, and the extent of tonsil surgery necessary has 
been debated for a century. Tonsil surgery has undergone several changes; 
surgical methods as well as the indications for tonsil surgery have changed. 
Surgery in the treatment of recurrent tonsillitis have been practiced for over 
2,000 years. The earliest mention of the procedure is in "Hindu medicine".  In 
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the first century A.D., Cornelius Celsus in Rome described blunt removal of 
inflamed tonsils. He used his fingers to grasp hold of the tonsil and remove it. If 
the tonsil was covered by a membrane, he used a scalpel to cut through it. 
Afterwards, vinegar was used to achieve hemostasis. (McNeill, 1960) This 
technique was followed by the presentation of a snare, ligation and, eventually, 
the tonsillotome, ‘tonsil guillotine’, by Philip Physick in 1828 (1828). Guillotine 
tonsillectomy was used for over 80 years to cut off the part of the tonsil. The 
procedure was in effect in TT since only a part of the tonsil was removed. The 
technique avoided the vascular structures surrounding the tonsil, which was 
essential before the development of safe general anaesthesia and specialised 
instruments for TE. (McNeill, 1960) Dissection TE was conceived and described 
by several American otolaryngologists in 1906 (Wilson; Ballenger; Griffin). 
Later, with the development of surgical equipment and inhalational anesthetics, 
diathermy electrocautery gained acceptance and is nowadays the most 
frequently used method of tonsillar dissection (McNeill, 1960; Setabutr et al., 
2011). At the beginning of the twentieth century, in the pre-antibiotic era, the 
most prevalent indication for TE was recurrent tonsillitis, and the driving force 
was the focal infection theory (Gates & Falbre, 1986; Grob, 2009; McNeill, 1960). 
However, the introduction of antibiotics and an increased awareness of tonsil-
related sleep-disordered breathing (SDB) in children have made upper airway 
obstruction the most common indication for tonsil surgery in the last 40 years 
(Parker & Walner, 2011). In the last decades, many different resection tools have 
been used for TE, ranging from cold to hot instruments, but the endless dilemma 
remains as to how to combine the need for an effective procedure and safe and 
painless surgery. Perhaps to answer that question, the previously abandoned 
method of TT was reintroduced by Linder et al. (1999) and Hultcrantz et al. 
(1999). 

 

 
Figure 3. Tonsil guillotine 
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2.2.2 TONSILLOTOMY TODAY 
 
TE with or without adenoidectomy (A) remains one of the most common 
ambulatory surgical procedures performed; more than 280,000 TEs are 
performed on children in the US annually (Hall et al., 2017). Since TT was 
reintroduced and proven to be a safe and efficient procedure (Ericsson et al., 
2006a; Hultcrantz & Ericsson, 2004; Koltai et al., 2003), its use has been 
growing steadily, especially in several European countries, over the past decades 
(Borgstrom et al., 2017; Hultcrantz et al., 2013; Sarny et al., 2013; Windfuhr, 
2016). Also, in Finland, TE and TT are among the most frequently performed 
surgical operations in the field of ORL; 2656 TEs and 1337 TTs were performed 
in children in 2018 (National Institute of Health and Welfare, 2014). Tonsil 
surgery is often carried out in combination with adenoidectomy (surgical 
removal of the adenoid tissue from the nasopharynx), especially for the 
indication of upper airway obstruction. Although several studies have shown the 
advantages of TT compared with TE, there are still suspicions towards the re-
introduced procedure, and some ENT colleagues still perform TE instead of TT. 
The most often cited concern is that the residual tonsillar tissue may be subject 
to tonsillar regrowth (Celenk et al., 2008) and reduce the successful eradication 
of SDB. Sceptical attitudes towards new procedures are not surprising, as 
alternating from a well-established surgical technique to a new technique may 
be difficult. A historical analogy in otorhinolaryngology is the conversion from 
open approaches to endoscopic sinonasal surgery. This transition took years but 
has been widely accepted as a standard practice today (Huoh et al., 2021). 

2.2.3 INDICATIONS OF TONSIL SURGERY 
 
The two main indications for tonsil surgery are 1) upper airway obstruction 
caused by tonsillar hypertrophy and 2) infection-related problems, such as 
recurrent tonsillitis, chronic tonsillitis and peritonsillar abscess. Patients who 
are operated on for upper airway obstruction are usually younger (disease 
incidence peaks at ages 3–5 years), while patients who are operated on for 
infection-related problems are usually older (disease incidence peaks at 16–18 
years) (Borgstrom et al., 2017). Less common surgical indications include 
dysphagia, speech abnormalities, orthodontic aberrations, periodic fever 
syndrome (PFAPA) and suspicion of malignancy, none of which will be further 
discussed in this thesis. Previously, in addition to recurrent and chronic 
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tonsillitis, symptoms caused by tonsillar hypertrophy, such as sleep-disordered 
breathing (SDB), have been treated by TE. TT has been shown to be an effective 
treatment for SDB in otherwise healthy children with enlarged tonsils, resulting 
in improved symptoms and polysomnographic and behavioural outcomes 
(Ericsson et al., 2007; Ericsson et al., 2009; Mangiardi et al., 2010; Reilly et al., 
2009; Stalfors et al., 2012; Stewart et al., 2005). The literature also describes a 
patient series in which TTs have been performed for children and youths with a 
history of a few tonsillitis with good postoperative results (Ericsson el al., 2006a; 
Ericsson et al., 2009; Foki et al., 2017; Wireklint & Ericsson, 2012). However, all 
these studies suffered low number of patients and the exact number of 
preoperative infections were not known. In Finland, indication for TT is 
restricted, in practice, to obstructive symptoms in children, and TE still plays a 
role in the treatment of infection-related problems (Ministry of Social Affairs 
and Health, 2010). 

2.2.3.1 Sleep-disordered breathing 

 
Sleep-disordered breathing (SDB) constitutes the primary indication for tonsil 
surgery in children (Bhattacharyya & Lin, 2010; Borgstrom et al., 2017; Patel et 
al., 2014). SDB is characterised by an abnormal respiratory pattern and/or 
disruption in ventilation during sleep (Kaditis et al., 2016). To be accurate, the 
term SDB also includes central sleep apnoea (CSA), which will not be discussed 
futher in this thesis. Obstructive SDB is syndrome of dysfunction of the upper 
airways during sleep characterized by snoring and/or increased respiratory 
effort resulting from increased resistance of the upper airways and narrowing of 
the throat space. Obstructive SDB includes a spectrum of clinical entities ranging 
from primary snoring to pronounced obstructive sleep apnea (OSA). (Kaditis et 
al., 2016) Primary snoring means snoring without obstructive events, arousals 
from sleep or gas exchange abnormalities (Kaditis et al., 2016), whereas OSA is 
characterised by repeated complete or partial obstruction of the upper airway 
that disturbs normal ventilation and normal sleep patterns (Kaditis et al., 2016; 
Loughlin et al., 1996). In the SDB continuum, upper airway resistance syndrome 
(UARS) and obstructive hypoventilation are located between primary snoring 
and OSA (Kaditis et al., 2016). UARS is described as the partial obstruction of 
the upper airway which leads to increased respiratory effort and arousal without 
apnoeas, hyponeas or gas exchange abnormalities (Guilleminault et al., 1996), 
whereas obstructive hypoventilation is defined by snoring and abnormal 
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increase in end-expiratory partial pressure of carbon dioxide without 
recognizable incidents of obstruction (Burghard et al., 2019). Severity of SDB is 
not possible determine without polysomnographic (PSG) studies. Additionally, 
it is difficult to distinguish primary snoring from UARS without using an 
oesophageal catheter. However, because of cooperational reasons, oesophageal 
pressure monitoring is rarely used in paediatric PSG (Kaditis et al., 2016; 
Guilleminault et al., 1996). 
 
The prevalence of OSA in children is 1–5% (Bixler et al., 2009; Li et al., 2010), 
while as many as 10% of children suffer from primary snoring (Urschitz et al., 
2005). SDB is associated with significant negative health consequences if left 
untreated. The most commonly reported of these are neurocognitive dysfunction 
and behavioural disturbances, with hyperactivity, aggressive behaviour, 
moodiness, learning problems and concentration difficulties. Also known 
problems are harmful cardiovascular effects and craniofacial and upper airway 
morphology changes (Aronen et al., 2009; Chervin et al., 2002; Liukkonen et al., 
2012; Katyal et al., 2013; O’Brien et Gozal, 2005). Even primary snoring and 
mild OSA can affect dental arch morphology in children (Pirilä-Parkkinen et al. 
2019; Markkanen et al. 2019) and cause neurocognitive dysfunction (Hunter et 
al., 2016). When tonsil hypertrophy is the main cause of SDB, the primary 
treatment modality is tonsil surgery (Fridman et al. 2009). It has been shown 
that surgical treatment (TE+A) of OSA/SDB improves neurocognitive and 
behavioural functioning (Mitchell & Kelly, 2007). According to a randomized 
trial (Marcus et al., 2013) which compared TE+A to watchful waiting for 
childhood OSA in school-age children, the surgical treatment reduced symptoms 
and improved polysomnographic findings. Althought the study did not detect 
the significant difference between the groups in the change of attention and 
executive functions, the significant improvement was detected in secondary 
outcomes of behavior and quality of life thus providing evidence of beneficial 
effects of early TE+A. 
 
A diagnosis of SDB should ideally be based on determining the apnea-hypopnea 
index (AHI) by a polysomnographic (PSG) study (Marcus et al., 2012). There is 
no international consensus in terms of using the AHI cut-off values when 
grading paediatric OSA, but according to clinical practice and several authors 
(Mitchell & Kelly, 2007; Roland et al., 2011), AHI ≤1 is considered normal, AHI 
>1 to <5 corresponds to mild OSA, AHI 5 to <10 moderate OSA and AHI ≥10 
severe OSA. However, polysomnographic studies are not readily available in 
most countries; also, in our practice, PSG is performed only in certain cases 



Review of the literature 

24 

(Table 1). Thus, a diagnosis of SDB due to lymphoid hypertrophy most often is 
based on clinical history and investigation (Sunnergren et al., 2017). The key 
points of history include witnessed obstructive apnoea, frequent daytime mouth 
breathing, struggling to breathe while asleep, waking up frequently while 
sleeping as a child who has previously slept through, secondary enuresis, 
daytime behavioural problems, failure to thrive or slowing weight gain (Greig, 
2017). 
 
Table 1 Current guidelines recommend the following indications for full PSG at 
the Department of ORL, HUH, Finland 
 
              
Comorbidities associated with sleep apnea or increased risk of  
 anesthesia (e.g. Down syndrome, neuromusculardisorders, 
 significant obesity, craniofacial abnormalities)   
       
Discordance between tonsil/adenoid size and symptoms   
       
Persistent symptoms following tonsil surgery       

 
 
PSG being expensive and its availability insufficient, many different 
questionnaires have been developed to faciliatate the screening of SDB when 
PSG is unavailable. The study of Burghard et al. (2019) compared six sleep 
questionnaires developed to detect OSA: Pediatric Sleep Questionnaire (PSQ), 
Sleep Clinical Record (SCR), OSA-18 score (OSA-18), Brouilette score (BS), “I'm 
Sleepy” questionnaire (I'M SLEEPY), and “Sleeping Sleepless Sleepy Disturbed 
Rest” questionnaire (SSSDR). Among the analysed diagnostic questionnaires, 
four fulfilled the conditions of diagnostic screening for OSA: PSQ (greatest 
specificity: 72%), SCR (greatest sensitivity: 96%), I'MSLEEPY and SSSDR. PSQ 
and SCR followed the recommendations of the current guidelines of the 
European Respiratory Society Task Force from 2015. Although OSA-18 was 
shown to be the poor diagnostic tool for OSA, it is most often used questionnaire 
to measure quality of life in children with SDB (Kao et al., 2017). The form, 
developed by Franco et al. (2000), contains 18 questions grouped into five 
subscales: sleep disturbance, physical symptoms, emotional distress, daytime 
function and caregiver concerns, which together yield a total score.  
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2.2.3.2 Recurrent or chronic tonsillitis 
 
The term ‘tonsillitis’ describes an acute infection of the tonsil. Its incidence is 
most frequent in childhood, and another peak occurs in early adulthood 
(Borgstrom et al., 2017). Two-thirds of infections are caused by viruses, typically 
adeno- and Ebstain–Barr viruses, and one-third are caused by Streptococcus 
pyogenes, which require antibiotic treatment. If tonsillitis evolves to recurrent 
(≥ 4 acute tonsillitis per year or ≥ 3 tonsillitis in six months) or chronic tonsillitis, 
TE can be considered (Tonsillitis: Current Care Guidelines Abstract, 2020). The 
term chronic tonsillitis is poorly defined in the literature but has been described 
as a sore throat with inflammation of the tonsils for a duration of at least 3 
months (Darrow & Siemens, 2002). TE has been proposed as a treatment in 
cases where improvement does not occur despite appropriate treatment with 
antibiotics. While obstruction has grown overall as an indication, most 
prominently in younger children, infection has declined, although it is still a 
common reason for tonsil surgery, especially in older children and youths (11–
18 years) (Borgstrom et al., 2017; Parker & Walner, 2011). 

2.2.3.3 Peritonsillar abscess 

 
Peritonsillar abscess is traditionally regarded as a purulent complication of acute 
tonsillitis; however, recent studies have shown that the association between the 
two is uncertain (Powell et al., 2013; Sanmark et al., 2020). In children, the acute 
treatment of peritonsillar abscess is TE in general anaesthesia or surgical 
drainage of the abscess in local anesthesia if the child’s cooperation is high 
enough for a treatment in outpatient department (Wikstén et al., 2014). 

2.2.4 SURGERY SETTING 
 
 
In many countries, tonsil surgeries in children are performed on an outpatient 
basis (Hallenstal et al., 2017; Harounian et al., 2016; Stucken et al., 2013). 
Ambulatory care is safe (Atfeh et al., 2018; Brigger & Brietzke, 2006), and 
parents are also satisfied (Kanerva et al., 2003). However, there are differences 
in the convention between countries; for example, in Germany, all TEs are still 
performed on an inpatient basis and TTs are performed only in part on an 
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outpatient basis (Windfuhr & Chen, 2019). At the Department of ORL, HUH 
tonsil surgeries are performed mainly in ambulatory settings unless significant 
comorbidities or severe OSA require postoperative follow-up at the ward. 

2.2.5 TECHNIQUES 

2.2.5.1 Tonsillotomy 

 

 
Figure 4. Tonsillotomy performed with monopolar electrosurgery  
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The target of partial tonsillectomy is to remove the protruding tonsillar tissue, 
leaving, at least, a thin rim laterally, thus avoiding the tonsillar capsule. It is 
commonly believed that this tissue prevents damage to the surrounding 
pharyngeal muscles, and nerve endings reducing the severity and duration of 
postoperative pain (Derkay et al., 2006). Additionally, limiting the surgery 
intracapsular may recude the incidence of postoperative heamorrhage as 
diameter of arteris and veins has shown to double between intra- and 
extracapsular levels (Lee et al., 2008). In 2015, Windfuhr and Werner published 
an editorial on TT, suggesting that intratonsillar procedures should be classified 
as either TT (Class 1) or ICT (Class 2). In Class 1 procedures, anatomical 
landmarks (anterior and posterior pillars) are used to decide how much tissue 
should be removed. In Class 2 procedures, the aim is to remove most of the 
tonsillar tissue along the inner surface of the capsule. The classification has not 
achieved wide popularity yet, but a few authors have used it.  
 
Several tonsillar reduction techniques that use different devices for TT exist, 
including microdebrider, coblator, CO2 laser, surgical scissors, radiofrequency 
(RF), monopolar needle, bipolar scissors, or forceps etc., microdebrider being 
the most frequently used technique, followed by coblator (Windfuhr et al., 2015). 
A few studies compared the aforementioned devices; however, none of the TT 
modalities have been shown to be superior to the others (Acevedo et al., 2012; 
Walton et al., 2012). In a study by Wilson et al. (2009), after coblation 
intracapsular tonsillectomy, patients were pain-free and able to return to a 
normal diet slightly earlier than after TT was performed with a microdebrider; 
however, the use of the microdebrider had two additional advantages – less 
surgical time and cost. The meta-analyses of randomised controlled trials (Kim 
et al., 2017) did not find a statistically significant difference between the 
microdebrider group and the coblator group, according to postoperative 
haemorrhage and pain. The geographic location may have an influence on which 
surgical technique is used for TT. In Sweden, almost all paediatric TTs are most 
probably carried out using radiofrequency instruments (Sunnergren et al., 
2014), whereas in the US, microdebrider is the most popular device. In Finland, 
the most common devices for TT are most probably monopolar electrosurgery 
and bipolar scissors. At the Department of ORL, HUH, the first TTs were 
performed with the radiofrequency technique and the tonsils were removed in 
the plane of tonsillar pillars, technique adopted from Sweden (Hultcrantz & 
Ericsson, 2004). Nowadays, most TTs are performed with monopolar 
electrosurgery, and the experience of the surgeon might affect the extent of tissue 
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removed, as strict rules for the amount of tonsillar tissues left behind do not 
exist.   
 
 
Different TT techniques: 
 
CO2 laser produces a beam of infrared light with the principal wavelength 
bands centreing on 9.6 and 10.6 micrometers (µm). CO2 laser can be used in 
place of a scalpel for most procedures and was the first method used to perform 
TT after its representation by Hultcrantz et al. (1999). However, TT with 
CO2 laser requires an investment in expensive equipment and the special 
training of doctors, which may have resulted in the use of CO2 laser not reaching 
more popularity in tonsil procedures.  
 
The microdebrider is a mechanical surgical instrument that uses a cutting 
blade that rotates at a high speed to shave and remove tonsillar tissue from the 
inferior medial pole proceeding superolaterally. Since no heat is applied, 
postoperative complications appear to be minor (Wilson et al., 2009).  
 
The coblator uses bipolar radiofrequency energy under a conductive medium, 
such as normal saline. When the current from the radiofrequency probe passes 
through a saline medium, it breaks saline into sodium and chloride ions. These 
highly energised ions form a plasma field that is sufficiently strong to break 
organic molecular bonds within the soft tissue, thus causing its dissolution. The 
coblator achieves a mild thermal effect of 45–85 °C, thereby reducing the risk of 
thermal injury to the surrounding tissues (Hoey et al., 2017; Wilson et al., 2009).  
 
Radiofrequency (RF) instruments deliver radiofrequency energy (>4.0 MHz) 
that excites electrolytes in the tissue to cut and coagulate at lower temperatures 
than diathermy (Sunnergren et al., 2014). An RF needle electrode can be used 
like a scalpel to cut the tissues, or the electrode can be inserted into the tissue to 
coagulate several times for a few seconds and, hence, achieve scar formation and 
total volume reduction (radiofrequency induced thermotherapy) (Plant, 2002). 
However, thermotherapy is seldom used and a less studied modality for tonsil 
surgery (Windfuhr et al., 2015).  

 
Bipolar electrosurgical scissors for tonsil surgery was first introduced in 
the US in 1998 (Isaacson & Szeremeta). Bipolar scissors that cut and coagulate 
at the same time may enable a quick, dry, and bloodless surgery. Bipolar scissors 
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have shown to yield lesser risk for secondary post-tonsillectomy heamorrhage 
compared to monopolar electrosurgery (Lowe & van der Meulen, 2004) which 
may be the result of the smaller electrical current spread associated with the 
bipolar scissors, resulting in reduced depth of thermal tissue damage (Oskar et 
al., 1997).  
 
Conventional monopolar electrosurgery has been clinically available for 
more than half a century now and is in widespread use as an alternative to the 
scalpel to reduce bleeding during surgery in many fields of medicine. Current is 
applied through a handheld active electrode, which then travels back to the 
generator through an inactive electrode placed on the patient’s body (the 
grounding pad). Thus, the patient is part of the electrical circuit. The tissue-
cutting temperatures reach 400 to 600 °C (Chinpairoj et al., 2001).  

2.2.5.2 Tonsillectomy 

 
 
The traditional ‘cold’ dissection TE technique involves scissors and blunt 
dissection with hemostasis obtained through the ligation of blood vessels. Many 
of the newer ‘hot’ or powered instrument techniques, such as monopolar 
electrosurgery or bipolar diathermy scissors, and coblation have been 
introduced to decrease morbidity and/or make the procedure more efficient 
(Pinder & Hilton, 2001). Common to all these techniques is the transfer of heat 
in some form to produce hemostasis during the procedure, for which they are 
often known as hot techniques. Monopolar or bipolar diathermy is also often 
used for hemostasis during ‘cold’ tonsillectomy, and this kind of mixed technique 
is popular (Lundström et al., 2020). Several large cohort studies published in the 
last decades demonstrate an increased risk for the occurrence of complications 
(especially secondary haemorrhage) when hot instruments are used (Lowe & van 
der Meulen, 2004; Sarny et al., 2011; Söderman et al., 2015). Despite the 
scientific literature’s support of cold techniques, hot techniques are commonly 
used, and a survey conducted in the US in 2011 showed that the most common 
technique for TE was monopolar cautery (Setabutr et al., 2011). 
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2.2.6 RECOVERY 
 
Postoperative recovery is an individual process with subjective experiences, and 
it is influenced by several factors (Bowyer & Royse, 2016). At the beginning of 
the normal recovery of TE, the crust covers the tonsillar fossa during the first 
days and disappears over the days when the healing process proceeds (Figures 
5–6). In adults, postoperative pain has been shown to increase during the first 
postoperative week, achieving the maximum degree at the end of the first week 
and gradually decreasing over the second week (Tolska et al., 2019). The referred 
otalgia, postoperative nausea and vomiting are common during that period 
(Baugh et al., 2011). Delayed pain after TE has been hypothesised to result from 
postoperative inflammation reaching its maximum at the end of the first week 
(Sutters & Isaacson, 2014). In the literature, two different trends of pain 
progression have been presented in children; some studies present the same 
trend as seen in adults – the pain reaching its maximum at the end of the first 
week; however, some studies describe an intense pain on the day of surgery 
which gradually decreases over the first week (Fortier et al., 2009; Hui & Søvik, 
2020; Stewart et al., 2012; Warnock & Lander, 1998). Severe pain may lead to 
poor oral intake and dehydration, causing morbidities and delayed recovery. 
With TT, the healing pattern is different, as the muscles and capsule are not 
exposed, and TT generally gives rise to less pain than TE (Borgstrom et al., 2019; 
Chan et al., 2004; Chang, 2008; Hultcrantz et al., 1999).  
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Figure 5. Postoperative day 1 after tonsillectomy. The crust covers  
the tonsillar fossa. 
 

 
Figure 6. Postoperative day 8 after tonsillectomy. The healing has 
 progressed. 
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2.2.7 POSTOPERATIVE MANAGEMENT 
 
The time spent in the hospital after tonsil surgery is short, but the recovery 
period following surgery is relatively long and occurs in a home setting, thus 
emphasising the role of aftercare instructions. Children’s inferior ability to 
communicate their pain increases the risk that parents may undertreat 
children’s pain, resulting in a sub-optimal pain treatment at home (Finley et al., 
1996; Warnock & Lander, 1998). Additionally, the pain management of children 
after TE is challenging for several reasons: the type of tissue trauma, exposure 
of the healing wound to the movement of the pharynx during ingestion and 
limitations in the choice of pain medication (Tan & Tunkel, 2017). Traditionally, 
in addition to pain medication, the cold drinks and foods are used to alleviate 
the pain during the first postoperative days. In Finland, we have no national 
guideline on postoperative pain management in children as in, for instance, 
Sweden (Ericsson et al., 2015), and the instructions may vary depending on the 
surgical unit. At the Department of ORL, HUH, the postoperative pain treatment 
recommendation has been conceived as a collaboration with ENT specialists and 
anesthesiologists. According to the recommendation, postoperative pain after 
TE and TT is treated with a combination of non-steroidal anti-inflammatory 
drugs (NSAID) and paracetamol. The mild opioid (tramadol) can be added as a 
rescue after TE; however, opioids are not recommended after TT. Opiate 
analgesia should be used with caution in children with OSA, who appear to be 
more sensitive to opiate-induced respiratory depression (Bass et al., 2020). Also, 
to the regular administration of analgesics, it is important to take care of 
adequate nutrient and liquid intake, as inadequate nutritional intake and 
dehydration may be a cause of increased pain (Shay et al., 2015) and can lead to 
increased risk of paracetamol toxicity (Ericsson et al., 2015).  
 
Several studies have shown that the need for analgesics is shorter and that 
children are able to return to their normal diet after TT earlier than TE (Acevedo 
et al., 2012; Chang, 2008; Eriksson et al., 2017; Kim et al., 2017; Vicini et al., 
2015). According to the review by Acevedo et al. (2012), children who had 
undergone TT needed analgesics 2.5 days (95% CI=2.1–3.0, P<0 .001) shorter 
than children who had undergone TE; they could also return to their normal diet 
2.3 days (95% CI=1.1–3.4, P<0 .001) earlier than children who had undergone 
TE. Reduction in pain and the resulting easier nutrient intake enables improved 
recovery, and the children who had undergone TT were able to return to normal 
activities earlier than those who had undergone TE (Chang, 2008; Eriksson et 
al., 2017; Kim et al., 2017).  
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2.2.8 COMPLICATIONS 
 

Even though tonsillectomy has been proven to be a safe treatment with few 
severe patient injuries (Lehtivuori et al., 2013; Shah et al., 2009), it is not 
without complications. Potential complications can be divided into 
intraoperative, early postoperative (within 30 days), and late postoperative. 
Complications of TE include dehydration (Shay et al., 2015; Solares et al., 2005), 
secondary infection (Hallenstål et al., 2017), pain management problems 
(Hallenstål et al., 2017; Shay et al., 2015), velopharyngeal insufficiency 
(Haapanen et al., 1994; Khami et al., 2015), long-term taste disorder (Heiser et 
al., 2012; Mueller et al., 2007) and, perhaps most importantly, postoperative 
hemorrhage, which can arise at any time several days post-surgery and be life-
threatening (Nokso-Koivisto et al., 2019; Shay et al., 2015; Stevenson et al., 2012; 
Østvoll et al., 2015).  
 
Well-conducted meta-analyses have proven the superiority of TT compared to 
TE concerning the number of complications (Acevedo et al., 2012; Kim et al., 
2017; Windfuhr et al., 2015). Also, unplanned contacts and readmissions to the 
hospital have been shown to be less after TT compared to those after TE (Shay 
et al., 2015; Stucken et al., 2013). A retrospective cohort study by Odhagen et al. 
(2019) included 35,060 patients who had undergone tonsil surgery, of whom 
23,447 underwent TT (±A) and 11,613 underwent TE (±A). Readmission to the 
hospital for any reason within 30 days after surgery was significantly more 
common in the TE group (4.7%) than in the TT group (1.8%), and the patients 
undergoing TE contacted health care much more frequently (20.4%) than the 
patients undergoing TT (15.7%). Ruohoalho et al. (2015) and Tolska et al. (2018) 
examined the incidence of complications after tonsillectomy at the Department 
of ORL, HUH. The number of complications after tonsillectomy was in line with 
international studies. However, neither of them examined TT and TE as separate 
operations.  
 

2.2.8.1 Postoperative haemorrhage 

 
Postoperative haemorrhage is the most common and also the most serious 
complication of tonsil surgery (Odhagen et al., 2019). Post-tonsillectomy 
haemorrhage is often divided into primary haemorrhage, which occurs within 
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24 hours of the operation, and secondary haemorrhage, which occurs after 24 
hours following the operation (Kanerva et al., 2003). Primary haemorrhage 
(most commonly within 4–6 h) is usually attributed to surgical 
techniques. Secondary haemorrhage can occur up to 2–3 weeks following 
surgery. Most commonly, this occurs between days 5 and 10 and is likely caused 
by the sloughing of the crust in the tonsil fossa, which exposes the underlying 
muscle and vessels (Spektor et al., 2016; Tolska et al., 2018; Wei et al., 2000). 
The rates of haemorrhages leading to a re-presentation to the hospital vary from 
3 to 15% in studies (Chang et al., 2016; Odhagen et al., 2019; Sarny et al., 2013; 
Harju & Numminen, 2017; Tolska et al., 2018). Most haemorrhages settle 
spontaneously; however, children frequently require hospital admission for 
observation (Tolska et al., 2018), and 0.5-1.5% of children need to return-to-
theatre (RTT) to control the bleeding (Chang et al., 2016; Odhagen et al., 2019; 
Shay et al., 2015; Tolska et al. 2018). The mortality is rare, and the risk is 
estimated at 1 in 16–40 000 cases (Windfuhr, 2003; Østvoll et al., 2015). A 
traditional view today is that the most common cause of death after 
tonsillectomy is postoperative haemorrhage (Østvoll et al., 2015). In Austria, 5 
children under the age of 6 died of severe post-tonsillectomy haemorrhage in 
2006–2007 (Sarny et al., 2011). However, the traditional view has been 
challenged by the findings of Goldman et al. (2013), who stated that medication-
related events and unexplained deaths without bleeding were more common 
causes of death. Mortality cases after TT are even rarer and are usually caused 
by an incorrect surgical technique (Windfuhr, 2013; Østvoll et al., 2015).   
 
Recent meta-analyses (Kim et al., 2017; Walton et al., 2012; Zhang et al., 2017) 
have shown the superiority of TT in terms of secondary haemorrhage rates, and 
the risk of haemorrhage is reduced by 56% compared to TE (Kim et al., 2017). 
The latest large register-based cohort study by Odhagen et al. (2019) identified 
35,060 children between 1 and 12 years of age who underwent tonsillectomy 
(±A) during the period of study (2007–2015). Of these, 23,447 underwent TT±A, 
and 11,613 underwent TE±A. Readmission due to postoperative haemorrhage 
was almost four times more common after TE than after TT. 

2.2.9 RISK OF REGROWTH 
 
Although many studies have shown the advantages of TT compared with TE, 
there are still a few concerns related to this reintroduced technique: one is that 
the remaining tonsillar tissue might regrow and produce relapsing obstructive 
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symptoms and eventually lead to the need for resurgery, exposing the patient to 
additional operative morbidity, thereby increasing health care costs (Celenk et 
al., 2008). The recurrence of obstructive symptoms after TT is not uncommon 
in clinical practices, and according to the literature reviews, the incidence for 
regrowth ranges from 0 to 27% and from 0 to 12 % for reoperation (Acevedo et 
al., 2012; Windfuhr et al., 2015). Unfortunately, these studies have had either 
low numbers of patients or short follow-up times; only in 2 of 17 studies the 
follow-up time was over 2 years, which has shown to be the mean time from 
primary operation to resurgery (Windfuhr, 2015). Therefore, the reported rates 
must be considered with caution. It remains unclear why palatine tonsils grow 
back in a small percentage of children. Young age seems to predispose them to 
regrowth, and younger children have been shown to have a bigger risk for 
resurgery in the future (Acevedo et al., 2012; Celenk et al., 2008; Odhagen et al., 
2016; Windfuhr et al., 2015). Other risk factors suggested are recurring upper 
respiratory tract infections, a high sugar diet and asthma, but the evidence is still 
scarce (Bystrup et al., 2020; Zagólski, 2010).  

 
A second concern is that the physiology of the remaining tonsil might be altered, 
leading to chronic infection and formation of peritonsillar abscesses (Koempel 
et al., 2006). The histology studies of tonsils are still few in number and with 
miniscule sample sizes (Reichel et al., 2007, Unkel et al., 2005). The histology 
study by Reichel et al. (2007) with two patients showed that there was no 
scarring or chronic inflammation in the regrown tonsils. A few studies have 
shown that the number of postoperative infections does not differ between the 
modalities up to 6-year follow-ups (Reichel et al., 2007; Wireklint & Ericsson, 
2012). Even fewer studies exist on the risk of developing a peritonsillar abscess. 
Soaper et al. (2020) performed a long-term study (up to 10-year follow-ups) with 
2058 patients. Three patients developed a peritonsillar abscess, two (0.1%) in 
the TT group and one (0.1%) in the TE group (P=0.474).  

2.2.10 EFFECTIVENESS OF TONSILLOTOMY 
 
TT (±A) has been shown to be as effective as TE (±A) in the treatment of upper 
airway obstruction as measured by both self-report of symptom relief 
(Borgström et al., 2017a; Chan et al., 2004; Ericsson et al., 2006a, 2009; Eviatar 
et al., 2009; Gorman et al., 2017; Vicini et al., 2015) and polysomnographic 
outcomes of airway obstruction during sleep (Borgström et al., 2017a; de la 
Chaux, 2008; Friedman et al., 2009; Mangiardi et al., 2010; Reilly et al., 2009). 
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A Swedish register study by Stalfors et al. (2012) assessed symptom relief after 
tonsil surgery using a questionnaire administered 6 months after surgery. Of 54 
696 patients operated 76.4% answered the questionnaire. The obstructive 
symptoms were the indication for 50% of patients (mostly children, mean age 
8.6 years), and for 50% of patients the indication was tonsillitis, peritonsillitis, 
systemic complication or other (mostly adults). The answer: ‘My symptoms are 
gone or almost gone’ was given by 96% of patients in TE group, and 96.1% in the 
TT group. Friedman et al. (2009) published the largest objective study to date, 
exploring the effect of the surgical method on OSA symptoms. This was a 5-year 
retrospective review of 159 patients who underwent TT+A. When measured by 
PSG, the mean preoperative AHI was 17.8 and the mean postoperative AHI was 
3.3 (P<0 .05). A postoperative AHI <1 (normal) was achieved in 54.7% of the 
patients. The authors compared this to studies of AHI after TE and found similar 
results. The authors concluded that although complete resolution was not seen 
in all cases, TT+A significantly improved AHI at a rate similar to TE+A.  
 
Except for symptom relief and morbidity, the change in health-related quality of 
life (HRQoL) is increasingly recognized as an essential component of patient 
care outcomes (Guyatt et al., 1993). The concept of HRQL originates from the 
World Health Organization’s definition: ‘Health is a state of complete, physical, 
mental and social well-being and not merely the absence of disease or infirmity’ 
(WHO, 1946). Children with tonsillar problems have poorer HRQoL than 
healthy children, and the general health perception of children with tonsil and 
adenoid disease is similar to that of those with asthma and juvenile rheumatoid 
arthritis (Baldassari et al., 2008; Stewart et al., 2000). It has been shown that 
surgical treatment (TE) of SDB improves neurocognitive and behavioural 
functioning, and the impact on HRQoL has been maintained over a long term 
(Baldassari et al., 2008; Garetz, 2008; Mitchell & Kelly, 2007). Apart from TE, 
TT has also been shown to improve HRQoL and behaviour in children (Colen et 
al., 2008; Ericsson et al., 2006a; Ericsson et al., 2009, 2014), and short-term 
satisfaction (24 h postoperatively) has shown significantly better scores in the 
TT group compared to the TE group, reflecting less perception of discomfort in 
the TT group (Vicini et al., 2015). In the long-term follow-up (up to six years), 
no difference in HRQoL between these two interventions was observed in youths 
(Wireklint & Ericsson, 2012). However, the literature still lacks studies on the 
long-term impact on HRQoL in paediatric TT versus TE measured with validated 
specific instruments. 
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TE has been shown to reduce the use of health care services and, thus, decrease 
the costs of health care (Fujihara et al., 2006; Nokso-Koivisto et al., 2014; 
Tarasiuk et al., 2004; Wilson et al., 2012). The cost-effectiveness of TT is studied 
in very few papers. Stucken et al. (2013) suggested decreased costs and resource 
utilisation with TT through reduced operative and post-anaesthesia care unit 
times and a number of postoperative admissions and emergency department 
visits compared to TE. Also, the recovery after TT has been shown to be faster 
than after TE, which enables parents to return to work earlier, which impacts the 
indirect costs of tonsil surgery, thereby favouring TT over TE (Gudnadottir et al., 
2017). 
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3 AIMS OF THE STUDY 

The aim of this thesis was to study tonsillotomy – its utility in children – and 
discuss its potential benefits and disadvantages compared to traditional 
tonsillectomy.   

The specific objectives are as follows: 

1. Analyse the changes in tonsil surgery in children at a single tertiary care 
centre over a 10-year period and the effects of these changes on the number 
of complications, emergency department visits, readmissions to hospital 
after tonsil surgery and costs of health care. (Study I) 

2. Prospectively assess the postoperative recovery after monopolar TT 
compared to cold dissection TE in children and investigate the feasibility of 
the monopolar TT technique. (Study II) 

 
3. Compare the self-reported HRQoL in children before and after TT by a 17-
dimensional HRQoL questionnaire and compare the results to an earlier 
cohort of children who had undergone TE because of obstructive symptoms. 
(Study III) 
 
4. Compare the histology of regrown tonsillar tissues to that of native 
tonsillar tissues for possible signs of chronic tonsillitis or other alterations in 
tissue. (Study IV) 

 
5. Assess the incidence of reoperations and the potential predictive factors 
for tonsillar regrowth. (Study IV) 
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4 MATERIALS AND METHODS 

4.1 PATIENTS 

In studies I, II, III and IV, children had their surgery and treatment at the 
Department of ORL or the New Children’s Hospital, HUH, Finland.   

4.1.1 TRENDS IN TONSIL SURGERY (STUDY I) 
 
All children (<16 years of age) undergoing TE or TT (with or without 
adenoidectomy) at the Department of ORL between January 2007 and 
December 2016 were retrospectively identified. The first search was based on 
operation codes (EMB10, EMB20, EMB15). The second search was from the 
patient database covering all the children who visited the emergency department 
because of tonsil surgery complications during the same period. The search was 
based on the ICD diagnosis codes (International Statistical Classification of 
Diseases and Related Health Problems) covering the complications of tonsil 
surgery: haemorrhage and hematoma complicating a procedure (T81.0), 
infection following a procedure (T81.4), other post-procedural states (Z98.8) 
and peritonsillar abscess (J36). Demographic and clinical data (age, sex, surgical 
technique, previous tonsillar procedures, inpatient days because of 
complications and postoperative haemorrhages with return-to-theatre) were 
retrieved from patient charts.  

4.1.2 COMPLICATIONS IN TONSIL SURGERY (STUDY I) 

At HUH, the first TTs were performed in 2009. Achieving a sufficient surgical 
level to perform a new procedure may take a few months (Hughes, 1991). To 
examine the number of complications after TT and TE more precisely, the new 
cohort of patients was chosen for this thesis, and the focus was on patients 
operated on with TT or TE (with or without adenoidectomy) at the Department 
of ORL between 2010 and 2016 (Table 2). All complications resulting in a visit 
to the emergency department, warranting hospital readmission or return-to-
theatre (RTT), were retrospectively recorded during the same period. The costs 
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of complications were divided by the number of surgeries to estimate the average 
costs of complications (prices approximated by using HUH performance-based 
fees in 2018). 

4.1.3 POSTOPERATIVE RECOVERY (STUDY II) 
 
Altogether, 166 children (<12 years of age) were operated on between April 2018 
and March 2020 and prospectively recruited on their operation day. The families 
of these children received a questionnaire to assess recovery during the first 13 
postoperative days (POD). Two weeks after surgery, an e-mail was sent as a 
reminder to return the questionnaire. Additionally, the number of contacts to 
hospital and complications (also minor ones without hospital contact) were 
recorded. The weight was measured at the hospital before the operation for every 
child and at home at POD 6 and POD 13. Of the families asked to participate, 103 
(62%) returned the questionnaire, 2 were excluded because of missing data and, 
finally, 101 patients (50 TE, 51 TT) formed the study group (Table 2).  

4.1.4 HRQOL AND COSTS OF HEALTH CARE (STUDY III) 
 
The effect of TT on health-related quality of life (HRQoL) was measured by a 17D 
questionnaire. The questionnaire was sent to 276 TT children (5–11 years of age). 
The children, with the assistance of their parents, were asked to complete an 
HRQoL questionnaire at baseline, and 6 and 12 months after the operation. The 
same questionnaire also included questions about the use of health care services 
and the number of days spent on sick leave due to oropharyngeal symptoms. 
Follow-up questionnaires were mailed to families who had returned the first 
questionnaire and the informed consent form. One reminder was sent to the 
patients who had not returned the follow-up questionnaire. Families of 75 
children (27%) returned an adequately completed baseline questionnaire and 
were included in the study (Table 2). Of the families that answered the baseline 
questionnaire, 37 (49%) returned all three questionnaires (at baseline and at 6 
and 12 months after the surgery). 
The same data before and after TE in children aged 7–11 years were collected 
during 2008–2012 and published previously (Nokso-Koivisto et al., 2014). For 
this study, the data of children having undergone TE to SDB (n=62) were 
analysed (Table 2). To be able to compare the costs of use of health care services, 
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the use of services was converted into monetary units using Finnish data on the 
unit costs of health care-related services from 2006 (Hujanen, 2008). To bring 
the costs to where they were in 2017, the year in which most of the costs were 
incurred, the costs were multiplied by 1.235 to correspond to the price inflation 
of basic services over the years. The data on price inflation were obtained from 
the Association of Finnish Municipalities (Association of Finnish Municipalities, 
2020). 

4.1.5 HISTOLOGY (STUDY IV) 
 

Histology study was conducted as a prospective cohort study with two patient 
groups. The groups included children under 16 years old without severe co-
morbidities. The subjects (n=11) were children who had previously undergone 
TT experiencing symptomatic tonsil regrowth requiring re-surgery (TE) between 
November 2018 and January 2020. The control group consisted of 20 children 
operated on for the first time with TT due to tonsillar hypertrophy. One patient 
was operated on with TE (instead of TT) and was excluded from the analysis; 
thus, the final control group consisted of 19 children. The tonsils of these patients 
(22+38) were histologically analysed (Table 2). To assess the effect of infections 
on relapsing tonsillar hyperplasia, the number of tonsillitis (viral/bacterial) the 
year before the surgery was requested from the patients in both groups. 
Information on antimicrobial medicine prescriptions for tonsillitis was retrieved 
from the national health care database (Kanta Services). Parents in the regrowth 
group were asked to complete the questionnaire regarding the first surgery and 
the onset of the new symptoms.  

4.1.6 RISK OF REGROWTH (STUDY IV) 

To assess the incidence of resurgery because of tonsillar regrowth, the data 
covering all TTs and TEs performed on children less than 16 years of age between 
January 2009 and December 2020 were retrospectively retrieved from the 
surgical database. To determine the predictive factors for tonsillar regrowth (e.g. 
age, sex, the experience of the surgeon (specialist/resident)) the data covering 
all TTs performed during the same period were more precisely examined (Table 
2). 
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Table 2. Patient characteristics 

No.=Number, TE=Tonsillectomy, TT=Tonsillotomy, Se=Senior, R=Resident, 
S=Subject group, C=Control group, RS=Resurgery needed after primary TT, NRS=No 
need for resurgery after primary TT 

 

 
 
 
 
 

Study No. of 
children 

Gender: 
Male (%) 

Median age at 
the surgery 
(range) 

Experience 
of surgeon 
Se/R (%) 

Study 
Period 

Complications 
in tonsil 
surgery 
Retrospective 
study (I) 

TE: 1583  
TT:1739 

TE: 795 
(50) 
TT: 974 
(56) 

TE: 8.4  
(0.6-16.0) 
TT: 5.3  
(1.2-15.8) 

 
January 
2010-
December 
2016 

Postoperative 
recovery 
Prospective 
cohort study 
(II) 

TE: 50 
TT:51 

TE: 29 (58)  
TT: 27 (53) 

TE: 8.6  
(3.2-11.9) 
TT: 5.6  
(2.7-11.1) 

TE(Se) :27 
(54) 
TT(Se): 25 
(49) 

April 2018- 
March 2020 

Health-related 
quality of life 
Cohort study 
(III) 

TE: 62 
TT: 75 

TE: 29 (47) 
TT: 41 (55) 

TE: 9.3 (7-11) 
TT: 6.7 (5-11) 

 
June 2013- 
September 
2019 

Histology 
study 
Prospective 
study (IV) 

S: 11 
C: 19 

S: 4 (36) 
C: 13 (68) 

S: 7.1 (3.5-10) 
C: 4.6 (2.6-9.8) 

 
November 
2018-
January 
2020 

Risk of 
regrowth 
Retrospective 
study (IV) 

RS: 59 
NRS: 
3082 

RS: 31(53) 
NRS: 1739 
(56) 

RS: 3.2 (1.4-9) 
NRS 5.4  
(0.8-15.8) 

RS(Se): 31 
(53) 
NRS(Se): 
1306 (42) 

January 
2009-
December 
2020 
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4.2 SURGICAL TECHNIQUES 

 
All tonsil surgeries were performed under general anaesthesia in an outpatient 
setting (except one patient in Study III who had the known increased bleeding 
risk; thus, the surgery was performed on an inpatient basis). TTs were performed 
using radiofrequency BM-780 II (Sutter Medizintechnik GmbH, Freiburg, 
Germany) and a bent needle electrode (ARROWtip, Re-Usable, Sutter 
Medizintechnik GmbH, Freiburg, Germany) or a monopolar device (Maxium® 
KLS-Martin GmbH, Tuttlingen, Germany) and a bent microdissection needle 
(Colorado®, Stryker, Kalamazoo, Michigan, US).  With both devices, the 
protruding part of the tonsil was removed without touching the surrounding 
muscles. Hemostasis was achieved with compression (with or without adrenalin) 
and/or bipolar diathermy. In all the studies, TEs were performed using either a 
combination technique (cold dissection with scissors and hemostasis obtained 
with bipolar diathermia) or a hot technique (dissection and hemostasis with 
bipolar diathermia). 

4.3 QUESTIONNAIRES 

4.3.1 QUESTIONNAIRE ON RECOVERY (STUDY II) 
 
Children with the assistance of their parents filled in questionnaires on their 
recovery during the first 13 postoperative days (POD) after TT and TE. The 
questionnaire examined pain (measured with Faces Pain Scale, Figure 7) and the 
amount and frequency of given analgesics (ibuprofen/naproxen/paracetamol/ 
tramadol hydrochloride). Other documented variables were disturbances in 
drinking, eating, playing, and sleeping (also apneas), possible vomiting, fever 
and weight. The number of days out of daycare/school, possible complications, 
and hospital contacts were registered. We also asked for caregivers’ opinion on 
the recommendation for a suitable length of the postoperative stay at home. 
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Figure 7. Faces Pain Scale: 1=‘no pain’, 2=‘mild pain’, 3 =‘moderate pain’, 
4=‘intense pain’, 5=‘intolerable pain’. 
Reproduced with permission from the original publisher: Vainio, A. Pain management. Helsinki, 
Finland: Duodecim Publishing Company Ltd; 2004. 

4.3.2 17D QUESTIONNAIRE (STUDY III) 
 

Childrens’ health-related quality of life (HRQoL) was measured by the 17D 
questionnaire, which is a generic, 17-dimensional, standardized HRQoL 
instrument (Apajasalo et al., 1996). The 17D can be used both as a profile as well 
as a single index utility score measure (http://www.15d-instrument.net/15d). 
The dimensions of the 17D questionnaire comprise mobility, vision, hearing, 
breathing, sleeping, eating, speech, excretion, school, hobbies, learning and 
memory, discomfort and symptoms, depression, distress, vitality, appearance, 
friends, and concentration. For each dimension, the respondents chose the level 
(on a scale of 1–5, with 1 indicating best and 5 worst level) best describing their 
current state of health. The index scores of the instrument (17D score) on a 0–1 
scale represent the overall HRQoL (0=being dead, 1=no problems on any 
dimension) and are calculated from the health state descriptive system by using 
population-based preference or utility weights, which have been elicited from 
parents of 8- to 11-year-old schoolchildren. The valuation methodology is similar 
to that used for the adult version of the HRQoL instrument, the 15D, and is based 
on an application of the multi-attribute utility theory (Apajasalo et al., 1996). 
The link to the 17-D questionnaire:  
http://www.15d-instrument.net/site/assets/files/1023/17denglish_final.pdf 
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4.3.3 QUESTIONNAIRE FOR TONSILLAR RESURGERY STUDY (STUDY 
IV) 

 
To assess the risk factors for relapsing tonsillar hyperplasia, the children with 
regrowth of their tonsils needing resurgery were asked to complete the 
questionnaire with the following questions asked: 1) date and hospital of the 
initial surgery performed, 2) was the child asymptomatic after the initial surgery, 
3) the indication for the primary surgery and the resurgery, 4) the time interval 
for the recurrence of symptoms (months from the primary surgery). To assess 
the effect of infections on relapsing tonsillar hyperplasia, children in both groups 
were asked the number of tonsillitis (viral/bacterial) had in the year before the 
surgery. 

4.4 HOSPITAL COSTS 

Hospital costs in studies I and III were obtained from Ecomed®, which is a 
clinical patient administration system (Datawell Ltd., Espoo, Finland), where 
the data on the hospital treatment costs of individual patients are stored. In 
Study I, the cost data were available for 4944 patients. Because of the great 
number of patients, we were not able to limit the costs of outpatient visits to only 
visits related to tonsil surgery; thus, all visits to the ENT speciality were taken 
into account in the cost analysis. In Study III, the smaller number of patients 
enabled the more specific reviewing of outpatient visits. In Study III, for the 
comparison, the hospital costs reported in the previous study (median year 
2010) were multiplied by 1.082 to bring them to the 2017 level (median year of 
the new data). 

4.5 HISTOLOGICAL ANALYSIS 

Samples were collected as fresh samples and sent istantly to the Department of 
Pathology. Sections of 3 um were stained using a routine hematoxylin-eosin 
protocol. The slides were digitised using a Leica Aperio AT2 digital whole slide 
scanner (Leica Biosystems, Illinois, US), and the digitised slides were 
independently analysed by a pathologist and an otolaryngologist (AJ. Sakki). 
Both researchers examined the specimens without knowledge of the patient’s 
history or the surgical method. The presence of neutrophils in the crypts or 
surface epithelium was scored as absent or present. The amount of 
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lymphoplasmacytic infiltrate in the epithelium and the degree of fibrosis were 
scored as mild, moderate, or severe. The number of follicles (germinal centres) 
was counted from five 40x fields per sample.   

4.6 ETHICAL CONSIDERATIONS 
The Ethics Committee of Helsinki and Uusimaa Hospital District approved 
Studies II-IV (II: 3127/2017; III: 538/E0/02; IV: 3126/2017), and written 
informed consent was obtained from all caregivers and from children ≥7 years. 
The collected data was stored and analysed respecting patient confendiality. 
Patients were recruited to studies through normal clinical practice and the study 
design did not actively affect the management of the participants. Study I was a 
retrospective cohort study and patient data were retrieved from databases, 
assessment of the Ethics Committee was unnecessary. A research permit was 
obtained for each study from the Department of Otorhinolaryngology – Head 
and Neck Surgery at the Helsinki University Hospital. The studies followed the 
guidelines of the Declaration of Helsinki. 

4.7 STASTICAL ANALYSIS 

All the statistical analyses were conducted with SPSS software (Study I: version 
22.0; Study II and III: version 25.0; Study IV: version 26, IBM®, Armonk, NY). 
In Studies I, II and IV categorical variables were reported as frequencies and 
percentages, and continuous variables as means and medians + interquartile 
range (IQR). In Study III, the results were presented as means with calculations 
of 95% confidence intervals (CI). In Study I and Study IV, Pearson Chi-squared 
test or independent samples t-test was used to compare the groups. In Study II, 
the comparisons between groups were performed with Mann-Whitney U-tests, 
and Pearson Chi-Squared tests were used for dichotomous data. In Study III, the 
significance of the difference between the groups was analysed with independent 
samples t-test, the difference between baseline and follow-up HRQoL scores 
with paired sample t-tests and the distribution of categorical variables between 
the groups with Pearson Chi-Squared test. In study IV logistic regression 
analysis was performed to assess predictive factors for tonsillar regrowth. In all 
four studies, two-sided P values of <0.05 were considered significant. 
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5 RESULTS 

5.1 TRENDS IN TONSIL SURGERY (STUDY I) 

 
Altogether, 4,979 tonsil surgeries were performed on 4951 children in 2007–
2016. Over 10 years, the total number of tonsil surgeries performed stayed 
almost at the same level (gentle decreasing trend after the year 2011); however, 
the method of tonsil surgery changed (Figure 8). The distribution of tonsil 
surgery indications stayed nearly constant over the study period. The change was 
seen in the surgery method in the treatment of SDB; after 2011, TT was 
performed more frequently than TE (Figure 8). The effect of change of surgery 
method on complication numbers, emergency department visits, and inpatient 
days because of complications is presented in Figure 9. All the aforementioned 
numbers declined during the study period. 
 

Figure 8. Number and indication distribution of tonsil surgeries performed in 2007-
2016 and change of surgery method in treatment of sleep-disordered breathing (SDB). 
TE=tonsillectomy, TT=tonsillotomy, No.=Number 
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Figure 9. Changes in tonsil surgery complications in children over a 10-year period at 
the Department of Otorhinolaryngology, Helsinki University Hospital. RTT=return-to-
theatre, ER=emergency department, d=day, †TTs were started in 2009 
 

5.2 COMPLICATIONS IN TONSIL SURGERY    
(STUDY I) 

From 2010 to 2016, 1583 TEs and 1739 TTs were performed. Of the children 
operated on at HUH, 138 (4% of all operated) visited an emergency department 
during the study period. The total number of visits was 152 (as 10 patients had 
more than one visit). After TE, there were 7.7 visits/100 surgeries and after TT 
1.6 visits/100 surgeries (P<0.001). The most common reason for the visit 
was postoperative haemorrhage, accounting for 83 visits (5.2% of all TEs) in the 
TE group and 11 visits (0.6% of all TTs) in the TT group (P < 0.001). All but two 
of the bleedings were secondary (occurred >24 h postoperatively). The number 
of patients needing the return-to-theatre (RTT) to control the bleeding was 30; 
of these 26 were in the TE group (1.6% of all TEs), and 4 in the TT group (0.2% 
of all TTs) (P<0.001). Other reasons to visit are presented in Table 3. No 
mortalities occurred during the study period. Sixty patients had a major 
complication that required hospital admission, 51 of them in the TE group (3.2% 
vs 0.5%, P<0.001).  
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Table 3. Complication rates in tonsillectomies and tonsillotomies 

    
Tonsillectomy, 

n=1583 (%) 
Tonsillotomy, 

n=1739 (%) P 
Secondary 
haemorrhage 83 (5.2) 11 (0.6) <0.001 

Minor  57 (3.6) 7 (0.4) <0.001 
Major  26 (1.6) 4 (0.2) <0.001 

Infection  10 (0.6) 5 (0.3) 0.143 
Pain  15 (0.9) 7 (0.4) 0.055 
Dehydration 6 (0.4) 2 (0.1) 0.123 
Fever  2 (0.1) 3 (0.2) 0.762 
Nausea  3 (0.2) 0 0.07 
Peritonsillar abscess 1 (0.1) 1 (0.1) 0.675 
Other  2 (0.1) 1 (0.1) 0.551 
Total   122 (7.7) 30 (1.7) <0.001 

Minor = haemorrhage without need for return-to-theatre 
Major = haemorrhage warrating return-to-theatre 

5.2.1 COSTS OF COMPLICATIONS 
 
Most surgeries were performed without any complications. The average cost of 
complications was 144 € less per surgery after TT versus TE (Figure 10). The 
total savings resulting from the change of the operative method were 
approximately 250,000 € with 1739 TTs performed between 2010 and 2016. 
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Figure 10. Average costs of complications/tonsil surgery at the Department of ORL, 
Helsinki University Hospital, in 2010–2016. †Inpatient days because of complications, 
RTT=return-to-theatre, ER=emergency department 

5.3 POSTOPERATIVE RECOVERY (STUDY II) 

5.3.1 POSTOPERATIVE PAIN  
 
Postoperative recovery outcomes are presented in Table 4. With TT, there was 
significantly less pain, and the period of pain was shorter than with TE. Seven 
TE patients (14%) and two TT patients (4%) did not have any pain-free days 
during the follow-up; the first pain-free day was set at POD 14 for study 
purposes. The median age of those nine children was 9.6 years (range 4.3–11.8).  
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Table 4. Postoperative outcomes (medians) after tonsillectomy and tonsillotomy in 
children 

  
Tonsillectomy 

n=50 (IQR) 
Tonsillotomy 

n=51 (IQR) P 
First day of child reporting  
no pain 

11 (9.3-13) 5 (3-8) <0.001 

First day of child reporting mild 
pain (VAS < 3) 

7 (3-9) 1 (1-2) <0.001 

First day with no analgesics 
(paracetamol/NSAID) 

11 (10-13) 7 (5-9) <0.001 

First day with no tramadol 2.5 (1-8) 1 (1-1) <0.001 

First day with return to normal 
diet 

7.5 (3-10.3) 1 (1-3) <0.001 

Length of home care (days) 10 (7-12.5) 6 (4-6) <0.001 

Caregivers' opinion: needed 
length of home care (days) 

10 (7-12) 5 (3.8-7) <0.001 

IQR=interquartile range, NSAID=nonsteroidal anti-inflammatory drug 
 
The need for pain medication was significantly longer with TE than with TT 
median 10 (IQR 9–12) vs 6 days (IQR 4–8) (P<0.001). Opioids were used at 
home by 28 TE patients (58%) median 1.5 days (IQR 0–7) and 8 TT patients 
(16%) median 0 days (IQR 0–0) (P<0.001). The median age of patients who 
needed opioids was 8.4 years (range 3.2–11.9), and those with no use of opioids 
were 6.8 years (range 2.7–11.5) (P<0.05).  
 
After TE, the duration of severe pain was on average (mean) 7 days (median 4, 
IQR 2–7), and the pain was more intense in the mornings throughout the 
recovery period. After TT, the pain was mild throughout the recovery period, 
although the pain was slightly more intense in the mornings during the first 
week. The most painful day was POD 5 after TE and POD 1 after TT (Figure 11). 
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Figure 11. Experienced postoperative pain (mean) during a 13-day follow-up after 
tonsillotomy (TT) and tonsillectomy (TE) in children. Reprinted with permission of original publisher 

Int J Pediatr Otorhinolaryngol 

5.3.2 RETURN TO NORMAL ACTIVITIES 
 
The most notable difference was seen in the return to normal diet; TT children 
were able to eat normally 6.5 days (median) earlier than children undergoing TE 
(P<0.001). The return to normal drinking, playing and to daycare/school was 
also faster after TT compared to TE (P<0.001). Sleeping difficulties were 
reported by 29 TE children (58%) for 4 days (median, IQR 2–5.5) and by 18 TT 
children (35%) for 2 days (median, IQR 1–3) (P<0.01). Caregivers reported sleep 
apneas in seven patients: two TE patients for 1.5 days (median, IQR 1-NA) and 
five TT patients for 4 days (median, IQR 1–10) (P=0.42). Weight was measured 
at the hospital before the operation for every child and at home at POD 6 for 
32 TT and 34 TE patients and at POD 13 for 29 TT and 32 TE patients. The 
proportional weight decreased significantly more after TE than after TT during 
the first postoperative week (P<0.01). 
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5.3.3 HOSPITAL CONTACTS AND COMPLICATIONS 
 
Caregivers of six children (6%) contacted the hospital after surgery. All but one 
of the contacts were after TE. There were three visits because of haemorrhages 
(TE and TT) and one because of pain (TE), and three phone contacts; two due to 
haemorrhages (TE) and one because of pain (TE). No postoperative infections 
or mortalities occurred. During a two-week follow-up, the total incidence for 
postoperative haemorrhage was 14% in the TT group and 32% in the TE group, 
including all haemorrhages, even minor ones not requiring hospital contact. The 
incidence of haemorrhages leading to a hospital visit was 2% in both groups, and 
the incidence of haemorrhages requiring intervention (RTT) was 2% with TE and 
0% with TT. Most (90%) of the bleedings occurred during the first postoperative 
week. 

5.3.4 SUBGROUP ANALYSIS 
 

To determine whether the indication for surgery had an impact on postoperative 
pain, a subgroup analysis was performed on patients with SDB as the indication 
(TT, n=51 vs TE, n=13); TT was superior to TE in all aspects of recovery. 
Additionally, as the groups were different in terms of age, the variables were also 
compared by the two age groups: children <6 years, (TT, n=26, TE, n=12) and 
children >6 years of age (TT, n=25, TE, n=38). In the younger age group, the 
variables tested the difference was statistically significant (<0.01) in all other 
aspects of recovery except the return to normal drinking which did not reach the 
statistical significance (P=0.112). In the older age group, TT was superior to TE 
in all aspects of recovery, reaching a statistically significant difference between 
the groups (P<0.01). 

5.4 HEALTH-RELATED QUALITY OF LIFE (STUDY III) 

5.4.1 EFFECT OF TT ON HRQOL AND COSTS OF SELF-REPORTED 
VISITS OF HEALTH CARE 

 
The mean baseline and follow-up 17D profiles of all TT patients are presented in 
Figure 12. The most marked improvements in HRQoL were seen on the 
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dimensions of ‘sleeping’, ‘speech’, ‘discomfort and symptoms’ and 
‘concentration’ at 6 months.  
 

 
Figure 12. Mean 17D profiles of children having tonsillotomy during 1-year follow-up. 
Baseline vs 6 months (mos): *P<0.05 **P<0.01, Baseline vs 12 mos: D P<0.05 

 
For the children who returned all the HRQoL questionnaires (n=37, mean age 
6.9, 50% male), the mean total HRQoL score improved from 0.933 (95% CI, 
0.931 to 0.953) to 0.956 (95% CI, 0.942 to 0.970) at 6 months (P=0.001) and 
remained at the same higher level at 12 months. The mean (95% CI) costs related 
to the use of health care services during the preceding 3 months diminished from 
€570 (95% CI, 302 to 838) at baseline to €269 (95% CI, -99 to 636) at 6 months 
(P=0.209) and to €132 (95% CI, 27 to 236) at 12 months (P<0.001). The mean 
number of sick leave days due to oropharyngeal problems during the 
preoperative 3 months compared to postoperative months 10–12 decreased 
significantly from 2.8 (95% CI, 1.2 to 4.4) days to 0.5 (95% CI, -0.3 to 1.0) days 
(P=0.001).  

5.4.2 COMPARISON OF HRQOL AND COSTS OF SELF-REPORTED 
VISITS OF HEALTH CARE BETWEEN TT AND TE 

At baseline, TT patients had a lower mean score on the dimension of ‘speech’ 
compared to the TE group (0.909 vs 0.971, P<0.05), whereas on the dimension 
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of ‘appearance’, TT patients had a higher mean score (0.977 vs 0.921, P<0.01). 
The mean total HRQoL score did not differ significantly between the groups 
(P=0.713). At 6 months, TT patients had significantly higher scores on the 
dimension of ‘sleeping’ compared to TE patients (0.909 vs 0.844, P<0.05); 
however, the difference had disappeared at 12 months. The total 17D score 
improved in both groups during follow-up, with no significant difference 
between groups (Figure 13).  

Figure 13. Mean total 17D score change in children having undergone tonsillotomy (TT) 
or tonsillectomy (TE) (patients that answered at all follow-up points) *no significant 
difference between the groups, Error bar 95% CI 

Adequately completed self-reported data on the use of health care services from 
all three questionnaires were available for 33 children in the TT group and for 
30 in the TE group. The mean costs diminished in both groups from the 
preoperative 3 months to the end of the follow-up period. A statistically 
significant decrease in costs was achieved in both groups but later in the TT 
group compared to the TE group. There was no significant difference between 
the groups regarding the number of sick leave days. 
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5.5 RISK OF REGROWTH (STUDY IV) 

5.5.1 HISTOLOGY 
 
In the regrowth group, primary tonsillar surgeries were mostly performed at the 
Department of ORL, HUH, except one in Oulu University Hospital, between the 
years 2014 and 2018. Children were at the time of surgery median 4.2 (range 
2.8–6.6) years of age. All but one family reported that symptoms were relieved 
after the initial surgery. The time interval for the recurrence of symptoms was 
<6 months for 2 (18%), 6–12 months for 7 (64%), and >12 months for 2 (18%) 
children. The median time from the first to resurgery was 2.2 (range 0.8–4.7) 
years. Of the children in the regrowth group, 82% had had at least one tonsillitis 
episode (bacterial/viral) in the year preceding the resurgery, which was 
significantly more than in the control group (16%) (P<0.001). The antibiotics for 
tonsillitis were prescribed for 6 patients (55%) in the regrowth group and for 2 
patients (10%) in the control group in the year preceding the surgery.  
 
In the histopathological examinations the amount of severe lymphoplasmacytic 
infiltration in the epithelium and neutrophil infiltration in crypts and surface 
epithelium was significantly more frequent in the samples of the regrowth group 
compared with the control group. Additionally, the number of germinal centres 
representing follicular hyperplasia was greater in the regrowth group. The 
amount of fibrosis was not significantly different between the groups. Ulceration 
was not evident in any of the samples. 

5.5.2 INCIDENCE OF RESURGERY 

Altogether, 3,141 TTs were performed between January 2009 and December 
2020. Of all the children operated on, 59 (1.9%) needed resurgery during the 
same period. The experience of the surgeon or the gender distribution was not 
statistically significantly different between the groups. A logistic regression 
analysis was performed to evaluate the effects of gender, indication, experience 
of the surgeon and age at primary surgery on the risk of patients having 
resurgery. Increasing age was associated with a decreased likelihood of having 
resurgery. The younger the child at the primary surgery the bigger the risk of 
having the resurgery in the future. Most of the children were 4-5 years of age at 
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the time of primary surgery and 1.9% of them were reoperated. For children less 
than two years the incidence of resurgery was 12.2% and children over five years 
the incidence was 0.5%. Nearly all the primary surgeries were performed 
because of obstructive symptoms. The resurgery was most often (85%) 
performed because of the recurrence of obstructive symptoms; the other 
indications were obstructive symptoms and tonsillitis (7%), recurrent tonsillitis 
(2%), and peritonsillar abscess (5%). The median time between the surgeries was 
2.1 (range 0.2–4.7) years. TE was the most often used method of resurgery 
(88%).  

5.6 COMPARISION OF HOSPITAL COSTS BETWEEN 
TT AND TE (STUDY I AND III) 

In Study I, during the two-year follow-up after tonsil surgery, the total costs of 
otorhinolaryngology specialist services (including those of the operative period) 
were significantly smaller (€/person) in the TT group (n=1781) than in the TE 
group (n=3163) (P<0.001) (Figure 14). The costs of outpatient visits (including 
emergency department visits and referral visits) were higher in the TT group 
than in the TE group, but otherwise, the costs were lower in the TT group. In 
Study III, the valid cost data on the use of specialist services related to tonsil 
surgery were available for 124 children’s tonsil surgery performed.  The mean 
costs of specialist care of TT and TE are shown in figure 15. The mean total costs 
of specialist care from 3 months before the operation to 12 months after the 
operation were at the same level (P=0.368). In both groups, one patient with 
postoperative haemorrhage was treated in the operating room and readmitted 
to the ward for one night (postop visits<2 weeks). The costs, which consisted of 
outpatient visits during the year following the surgery (postop visits>2 weeks), 
were significantly higher after TT compared to TE (P<0.01). 
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Figure 14. Mean costs of the use of public sector otorhinolaryngology specialist services 
in the Helsinki University Hospital region during the operative period and two years 
postoperatively in children operated on at the Department of Otorhinolaryngology, 
Helsinki University Hospital, in 2007–2016. †Inpatient days because of complication, 
***P<0.001, *P<0.05, Error Bar 95% Confidence Interval 
 
 

 
Figure 15. Mean costs of the use of public sector otorhinolaryngology specialist services 
in the Helsinki University Hospital region taking account visits 3 months preceding the 
surgery and 12 months postoperatively. Preop=Preoperative, Postop=Postoperative, 
**P<0.01, Error bar 95% Confidence Interval 
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6 DISCUSSION 

6.1 TRENDS IN TONSIL SURGERY (STUDY I) 

The present study disclosed the change of tonsil surgery method in the treatment 
of SDB in children operated on at a single tertiary care centre. TT operations 
were started at the Department of ORL, HUH in 2009, and from 2011 onwards 
TT has been more common than TE in the treatment of SDB, and since 2012, TT 
has been the most common method for tonsil surgery in children. Similar 
changes in the tonsil surgery method have also been seen in several European 
countries in recent decades (Borgstrom et al., 2017b; Sarny et al., 2013). The 
paradigm shift has been well demonstrated, especially in Sweden, where their 
National Tonsil Surgery Register has enabled longitudinal population-based 
cohort studies with large population sizes (Borgstrom et al., 2017b; Hultcrantz 
et al., 2013). Sweden is one of the ‘early adopters’ of TT, perhaps because the first 
studies showing the safety and efficiency of TT were conducted there (Hultcrantz 
et al., 1999; Hultcrantz & Ericsson, 2004; Linder et al., 1999). However, the shift 
of methods has not been spread globally yet, as the extent to which TT is being 
used by paediatric otolaryngologists, for example, in the US, is only 20% (Huoh 
et al., 2021).  
 
The present study detected a descendent trend in the number of emergency 
department visits, inpatient days because of tonsil surgery complications, and 
the number of postoperative secondary haemorrhages requiring RTT. The 
decline of costly complications has most probably ensued from the change of the 
surgical method from TE to TT, as shown in Sweden (Hultcrantz et al., 2013). 
The distribution of tonsil surgery indications remained relatively stable over the 
study period, SDB constituting the primary indication for tonsil surgery in 
children, which is consistent with other published studies (Koempel et al., 2006; 
Weatherly et al., 2003). Although TT is a routine procedure for SDB children at 
HUH, which is one of the five university hospitals in Finland, it is possible that 
the current trend observed at one tertiary care hospital does not correlate with 
the trend of tonsil surgery in the whole country. The paradigm shift towards TT 
has significant importance to the field of otolaryngology, TE being the most 
representative and frequently performed otolaryngologic procedure in children. 
Thus, it is of high clinical interest to evaluate the superiority or noninferiority of 
TT over TE.  
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6.2 COMPLICATIONS IN TONSIL SURGERY    
(STUDY I AND II) 

Most of the emergency department visits were because of secondary 
postoperative haemorrhage, which was significantly more common in the TE 
group than in the TT group (5.2% vs 0.6%). All other complications were 
relatively rare. There were significantly fewer visits because of complications 
after TT than TE: 1.6 visits/100 surgeries in the TT group and 7.7 visits/100 
surgeries in the TE group. The incidence of TE haemorrhages (5.2%) was similar 
to other studies reporting the incidence of secondary haemorrhages 3–15 % in 
children (Chang et al., 2016; Odhagen et al., 2019; Sarny et al., 2013; Tolska et 
al., 2018). In the present study, the haemorrhage rate for TT was very low, at 
0.6%, and only 0.2% of children experienced haemorrhage needing RTT. In 
other studies, secondary heamorrhage rates after TT are reported to be less than 
1.5% (Lee et al., 2002; Doshi et al., 2011; Hultcrantz et al., 2013; Sunnergren et 
al., 2014) and according to a meta-analysis of randomised controlled trials (Kim 
et al., 2017) TT demonstrates a reduced incidence of postoperative 
haemorrhages when compared to TE, which reinforces the previous findings. In 
Study II, we prospectively analysed the incidence of complications in 101 
children. There was one case of postoperative haemorrhages in both groups, and 
the one in the TE group was major bleeding needing an RTT. The material was 
too small to detect any significant difference in major haemorrhages between the 
surgery methods; however, the results indicated a higher risk after TE than TT 
when considering minor bleedings at home, which did not require hospital 
contact (32% vs 14%). The fewer number of haemorrhages and RTTs after TT are 
of great importance, as postoperative haemorrhage associated with tonsil 
surgery in children is always a potentially fatal complication and any means to 
reduce this risk are essential. 

6.3 POSTOPERATIVE RECOVERY (STUDY II) 

All the recovery-related outcomes studied showed a tendency towards faster 
recovery after TT than TE. As shown in the literature (Baugh et al., 2011; Fortier 
et al., 2009; Stewart et al., 2012) and well known in clinical practice, TE often 
causes severe pain lasting for days requiring systematic use of pain medication. 
Additionally, in Study II, the pain level for some children operated on with TE 
was high despite the postoperative analgesics given. The pain has been shown to 
be less after TT compared to TE (Acevedo et al., 2012; Eriksson et al., 2017; Kim 
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et al., 2017; Vicini et al., 2015; Walton et al., 2012; Zhang et al., 2017), also shown 
by the present study, as children after TT needed analgesics four days less than 
children in the TE group. Although the first pain-free day after TT was in 
concordance with other studies (Borgstrom et al., 2019; Hultcrantz & Ericsson, 
2004), the children received analgesics for a relatively long period compared 
with previous studies (Derkay et al., 2006; Hultcrantz & Ericsson, 2004; Wilson 
et al., 2009). This may reflect the Finnish parents’ liability to follow instructions 
without fear of side effects of analgesics. Opioids were used for half of TE 
patients and also for some TT patients, although only for a few days. Children 
who used opioids were older than those who did not receive the opioids, 
reflecting the more painful recovery period in older children shown in other 
studies (Crandall et al., 2009; Eriksson et al., 2017; Lavy, 1997). Although, in our 
practice opioids are not recommended for TT children, for some children it was 
prescribed and used. Whether it was actually necessary or taken as a precaution 
remains unknown. The children in both groups suffered more from pain in the 
mornings and had difficulties sleeping during the first postoperative week 
(especially after TE). This may possibly be explained by dehydration, open 
mouth breathing, and interruption of analgesic dosing during the night (Kim et 
al., 2018; Sutters et al., 2010). Therefore, might be considered either longer-
acting preparations of analgesic use in the evening or regular administration of 
analgesics during the night to diminish the morning pain and allow sufficient 
pain relief lasting through the night. As at our Department of ORL, several 
doctors and nurses discharged the patients, and the instructions caregivers 
received postoperatively may have varied somewhat and affected the pain 
medication use. Since this study, our postoperative pain medication instructions 
have been unified and discussed thoroughly with the personnel giving the 
postoperative instructions.  

 
At least with young children, evaluating pain alone is not the most reliable way 
to monitor recovery, as recovery is a complex process (Eriksson et al., 2017). In 
the present study, the postoperative recovery was assessed except by measuring 
the grade of pain and use of analgesics but also with the time to return to a 
normal diet, drinking and playing, which reflects the normal behaviour and 
healing of the child (Eriksson et al., 2017). All the recovery-related outcomes 
studied showed a tendency towards faster recovery after TT than TE. The return 
to normal diet took 5 days longer in the TE group; additionally, the observed 
weight loss in the TE group reinforced the disabilities in eating during the first 
postoperative week. These findings are in line with previous studies showing the 
advantages of TT over TE: reduced postoperative pain, need for analgesics, more 
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rapid rate of return to a normal diet and fewer days before returning to normal 
activity (Kim et al., 2017). Postoperative pain and anxiety are closely connected 
and influence each other (Ericsson et al., 2006b). Thus, to be able to reduce 
childrens’ morbidity related to tonsil surgery is crucial not only because of 
physical symptoms but also because of emotional suffering. 
 
In our practice, we have recommended that children stay at home care 5 days 
after TT and 7 days after TE. However, the recommendations have been based 
on clinical experience, as the actual required length of home care from the 
perspective of caregivers has not been investigated before this study. The study 
revealed that the median length of home care after TT was 6 days, and caregivers' 
opinion on a suitable length of stay was 5 days. After TE, the children stayed at 
home for 10 days, which was also a suitable length in caregivers’ opinion. Since 
this study, the recommendation at our Department of ORL has been changed to 
be 10 days home care after TE. The former 5 days of home care are still 
recommended after TT. A shorter need for home care can be seen as a strength 
of TT. It is not only a benefit for the TT children but may also reduce parental 
distress and loss of income as the TT parents had to take less time off from work 
compared to the TE parents. The saving for TT parents is approximately 750 
euros for five working days (Statistics Finland), as in Finland the caregivers do 
not receive any compensation from the time being home with child after an 
elective surgery.  

 
The main limitation of Study II was the difficulty in measuring self-reported pain 
in children. We used the Faces Pain Scale, which is not validated but is easy to 
use for both parents and children. There are also many other sources of bias in 
the reporting of pain from both children and parents: reports were all self-
reported and, thereby, biased, additionally, children under the age of five years 
tend to use only the extremes of scales (Stinson et a., 2006). Another limitation 
of this prospective study was that it was not randomised. In our clinical practice, 
TT is not used in patients with recurrent tonsillitis. Also, as many international 
studies have shown the superiority of TT over TE in terms of morbidity, to 
randomise patients with tonsillar hypertrophy to undergo TE could be 
considered unethical.  
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6.4  MONOPOLAR TT (STUDY II) 
Another objective in Study II was to examine the feasibility of monopolar TT and 
to compare the results with reports of other TT techniques. The first TTs in our 
department were performed using an RF needle. The moderate price compared 
to RF (Thottam et al., 2015) and the fact that a monopolar device is found in 
every operating room were reasonable reasons to change the practice from RF to 
a monopolar device. We compared the need for analgesics and duration of pain 
with other studies using different devices (microdebrider, coblator, RF) 
(Borgstrom et al., 2019; Chan et al., 2004; Derkay et al., 2006; Ericsson et al., 
2009; Hultcrantz & Ericsson, 2004; Wilson et al., 2009). After monopolar TT, 
children received analgesics for a relatively long period compared with previous 
studies as discussed earlier. This could be explained by the use of monopolar 
electrosurgery, which produces high operative temperatures (Chinpairoj, et al. 
2001). However, the other variables of recovery, the first pain-free day and the 
duration of pain, were equal to other TT methods. Thus, it seems, that even 
though monopolar TT produces higher temperatures in the operative area this 
did not seem to hinder postoperative recovery relative to other TT techniques. 

6.5 HEALTH-RELATED QUALITY OF LIFE 
(STUDY III) 

The present study showed that both methods, TT and TE, have an equivalent 
positive effect on HRQoL in children with SDB at the 1-year follow-up. Tonsil-
related SDB has become the most common indication for tonsil surgery in recent 
decades (Bhattacharyya & Lin, 2010; Patel et al., 2014). Children with SDB have 
a poorer health-related quality of life (HRQoL) than healthy children (Baldassari 
et al., 2008; Stewart et al., 2000). HRQoL includes subjective feelings of 
functional status, general health, well-being, and appreciation of life and is 
probably one of the most important outcomes for the child and parents. In the 
present study, one year after TT, all the children improved significantly in their 
HRQoL, similar to the results detected by Colen et al. in 2008. However, the 
literature lacks studies on HRQoL in paediatric TT versus TE. The study by 
Ericsson et al. (2009) is the only study, prior ours, comparing the impact of TT 
versus TE on HRQoL using validated instruments. The present study measured 
prospectively the HRQoL with a 17D questionnaire, which is validated for 
children of 8–11 years of age. The results showed that both methods had an 
equivalent positive effect on HRQoL in children with SDB; there was no 
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significant difference between the groups in the change of mean total 17D scores 
at 6 or at 12 months. Our results are consistent with the findings of Ericsson et 
al. (2009) who conducted the study with children 4.5–5.5 years of age 
randomised either to the TT group (n=35) or to the TE group (n=32). The quality 
of life was measured with the OSA-18 (Obstructive Sleep Apnea-18) and the 
Child Behavior Checklist (CBCL) before the surgery and six months after the 
surgery. Both groups demonstrated comparable and noteworthy improvements. 
Although the 17D instrument has been shown to be reliable and valid, it would 
have been interesting to measure the change in HRQoL using another 
instrument in addition to 17D, e.g. OSA-18, which is the most often used to 
measure the quality of life in children with SDB (Kao et al., 2017). However, 
HRQoL questionnaires are quite lengthy, and to demand families to answer two 
questionnaires could have affected negatively the response rate. The problem 
with studies measuring HRQoL is that there are many dropouts; thus, achieving 
study groups large enough to get better statistical power is challenging. 
Additionally, there is a possible bias that the most satisfied families are the ones 
answering the questionnaires. However, this is a common problem for all studies 
based on patient-reported outcomes and, to our knowledge, it is very difficult to 
control. 

6.6 RISK OF REGROWTH (STUDY IV) 

The Study IV showed that TT is associated with a higher risk of reoperation 
compared to TE, although the incidence of reoperations was low at 1.9% in the 
11-year follow-up. The most common reason for resurgery was a recurrence of 
obstructive symptoms, chronic/recurrent tonsillitis or peritonsillar abscess 
being infrequent indications. A major concern with TT has also been the possible 
risk of tonsillar regrowth with recurrence of upper airway obstruction, which 
may require reoperation of the tonsils (Acevedo et al., 2012). Several studies 
have attempted to address this issue with reoperation rates from 0 to 12 % shown 
(Acevedo et al., 2012; Windfuhr et al., 2015). Unfortunately, these studies have 
had either low numbers of patients or short follow-up times; therefore, the 
reported rates must be considered with caution. According to recent long-term 
studies, the incidence of resurgeries has been shown to be even smaller, between 
0.2% and 5% (mean 2.6%) in follow-ups from 18 months to 14 years (Amin et al., 
2021; Bystrup et al., 2020; Hoey et al., 2017; Soaper et al., 2020), which is 
consistent with our results. It is possible that the number of resurgeries has 
declined as the techniques and skills to perform TT have evolved over the years. 
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Young age has previously been suggested as a risk factor for reoperations (Celenk 
et al., 2008; Doshi et al., 2011; Odhagen et al., 2016) that was confirmed by our 
study, as according to logistic regression analysis the age was only significant 
predictive factor for resurgery, and increasing age was associated with a 
decreased likelihood of having resurgery. In small children, the tonsils are still 
actively growing, and any residual tissue left behind during resection may still 
be subject to the growth phase, which has been shown after adenoidectomy 
(Dearking et al., 2012; Doshi et al., 2011). Small children traditionally have 
several respiratory tract infections yearly. The present study showed that in the 
regrowth group, over 80% of children had tonsillitis, and half of those children 
received antibiotics in the year preceding the surgery, which might explain the 
regrowth of tonsils and relapse of symptoms. However, in our study, the number 
of tonsillitis episodes was self-reported by caregivers and we do not have data on 
tonsillar infections in children operated on with TT without tonsillar regrowth. 
Hence, the association still remains scarce as to whether the infections 
influenced the regrowth and risk of resurgery.  
 
It has been suggested that after TT, the physiology of the remaining tonsillar 
tissue might be altered, later leading to recurrent or chronic tonsillitis 
and peritonsillar abscesses. We could not find any signs of severe chronic 
inflammation or scarring by histological examination of the regrown tonsils, and 
the differences between the groups were thought to be associated with 
inflammation caused by recent infections in the regrowth group. The tonsillitis 
was an infrequent indication for resurgery. Also, the incidence of peritonsillar 
abscesses (5%) was very low in the 11-year follow-up, also shown by a study by 
Soaper et al. (2020) who did not find a statistically significant difference between 
the modalities at the 10-year follow-up. In the histology study, the small number 
of patients, albeit the largest so far, may be seen as a limitation of our study, as 
the gathering of patients in the regrowth group took a relatively long time, with 
the incidence of resurgeries being low. Thus, the literature still lacks studies on 
the histology of the regrown tonsils with larger sample sizes.  
 
Does the amount of residual tonsillar tissue left behind affect the risk of 
regrowth? In our practice, the protruding tonsil is removed with a monopolar 
microdissection needle. However, as discussed earlier, partial tonsillectomy can 
be performed using various modalities (Windfuhr & Werner, 2013), and with 
coblation and microdebrider, it is possible to remove the majority of the tonsillar 
tissue (~90 %), with a preservation of only a thin rim of tissue along the inner 
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surface of the capsule (Windfuhr & Werner, 2013). By removing most of the 
tonsillar tissue down to the capsule, the rate of reoperation may be lower. 
According to a few studies, the need for resurgery of the remaining tonsillar 
tissue is the lowest with microdebrider (Schmidt et al., 2007; Soaper et al., 
2020). However, further studies comparing different modalities are needed to 
assess the best practice for TT in terms of resurgery.  
 
In conclusion, young age seems to be a predictive factor for tonsillar regrowth; 
however, young children are those who are more vulnerable to possible 
complications of tonsil surgery. Thus, it is likely we need to accept the risk that 
children may need reoperation because of tonsillar regrowth to be able to 
decrease the morbidity of tonsil surgery. That benefit-risk ratio needs to be 
discussed with the caregivers preoperatively. To explore the possible long-term 
effects of TT, further studies must focus on youths and young adults operated on 
with TT during childhood, as they are traditionally the group suffering the 
second peek of infections. 

6.7 COST-EFFECTIVENESS (STUDY I, II, III) 

Study I showed that the change of surgical method from TE to TT seems to 
reduce the cost of health care. Additionally, the impact of surgeries on the costs 
of self-reported visits of health care and the number of sick leaves was equivalent 
between the modalities (Study III). Children with recurrent tonsillitis and SDB 
have been shown to have considerably higher health care use compared with 
other children (Tarasiuk et al., 2007). TE has been shown to reduce the use of 
health care services and thus decrease the costs of health care (Fujihara et al., 
2006; Nokso-Koivisto et al., 2014; Tarasiuk et al., 2004; Wilson et al., 2012). 
Cost-effectiveness is an important variable to measure to be able to justify the 
transition from TE to TT, but only a few studies are available on that matter (Baik 
& Brietzke, 2018; Stucken et al., 2013). Stucken et al. (2013) suggested decreased 
costs with TT in terms of shorter surgical and inpatient times and fewer 
admissions because of complications compared to TE. However, to estimate the 
total costs associated with SDB in children, it is important to consider both the 
direct (surgery itself and complications of surgery) and indirect costs. Factors 
affecting indirect costs are, in this case, caregivers’ absence from work and the 
need for revision surgery in the future. 
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Analogous to the results of Stucken et al. (2013), the estimated costs of 
complications were less after TT compared to TE in Study I. That is reasonable, 
as the need for inpatient care and return-to-theatre because of complications 
were significantly infrequent after TT than TE. Additionally, in Study II, children 
who had undergone TT used analgesics a shorter period postoperatively and 
were able to return to daycare or school and caregivers back to work earlier than 
children after TE. As a result, the indirect costs, e.g. those resulting from the 
absence of the employee, lost production expenses and loss of income for the 
caregiver will decrease, as also shown by Gudnadottir et al. (2017). 
 
However, TT is associated with a higher risk of the regrowth of tonsils, and 
recurrence of symptoms can increase health care costs by leading to new 
contacts with health care providers, outpatient visits, and eventually resurgery. 
Study I showed that the average costs of outpatient visits were higher in the TT 
group than in the TE group during the two-year follow-up, which might be due 
to the recurrence of symptoms in the TT group. However, the incidence of 
resurgeries was low; less than 2% of the children needed the resurgery in the TT 
group, and thus it is likely that all outpatient contacts will not lead to resurgery. 
In the two-year follow-up, the costs of resurgeries did not seem to exceed the 
savings achieved with that of fewer complications. 
 
In Study III, the smaller sample size enabled the more detailed examinations of 
hospital costs, as the cost analysis was possible to delimit only the visits related 
to tonsil surgery during the year following the surgery. However, the small 
number of visits led possibly to biased complication numbers, as there was only 
one haemorrhage requiring emergency department visits in both groups, which 
is the low incidence, especially with TE, as discussed earlier. However, the study 
revealed a significant difference in costs of outpatient visits, TT owing more costs 
in the year following the surgery as shown also in Study I. Baik & Brietzke (2018) 
conducted a cost analysis comparing TE and TT in children. The model featured 
complications such as postoperative haemorrhage, dehydration and tonsillar 
regrowth. According to the analysis, TT was a less expensive option, but the 
results seemed to be highly dependent on the regrowth rate and need for 
reoperation. However, to compare costs with other studies has some problems, 
as the direct costs of tonsil surgery (price of surgery, complications) are likely to 
vary considerably between health care systems and countries and will be 
influenced by many factors, such as the surgery technique, market competition, 
and different pricing of hospitals (Gudnadottir et al., 2017). 
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In conclusion, both methods seem to be cost-effective in the treatment of SDB. 
After TT, the direct costs and indirect costs in terms of the absence of the 
employee seem to be less. However, from a long-term perspective, TT is likely to 
be associated with more indirect costs due to a higher rate of resurgery than TE, 
which may eventually compensate for the costs. Additionally, in many countries, 
TTs are performed with expensive devices such as a coblator and shaver. In our 
practice, TTs are mostly performed with monopolar electrosurgery, which is less 
expensive, reusable and thus ecological compared to many other disposable 
devices. This is one important aspect when the cost-effectiveness of TT is 
considered. 

6.8 FUTURE PERSPECTIVES 

In our current practice, TT is the preferred surgical treatment for children with 
SDB. For children with a concern for chronic or recurrent tonsillitis, TE is still 
preferred. However, there are reports that TT is also effective in treating chronic 
or recurrent tonsillitis (Ericsson et al., 2009; Foki et al., 2017; Wireklint & 
Ericsson, 2012). If TT in future studies continues to be shown to be effective in 
treating tonsillitis the indications for surgical treatment of recurrent/chronic 
tonsillitis may expand. 
 
If resurgery is needed, the question would be which surgery to perform: – 
revision TE or revision TT? In a Swedish study (Odhagen et al., 2019), no 
difference in morbidity was found comparing primary TT to secondary TT; 
however, after secondary TE, the number of readmissions was more than after 
primary TE. Our results showed that the resurgery was most often (88%) TE; 
however, in some cases, TT was also performed. Despite having a higher risk of 
resurgery, TT might be preferred as a revision surgery in young children due to 
its lower risk profile. Future studies are needed to investigate that matter.  
 
If the children’s SDB can be effectively treated with TT, would it be also useful 
for adults? The efficacy of TT versus TE in adults has been scarcely studied. 
There are a few studies with TT on adults with promising results but 
unfortunately with quite small sample sizes (Bender et al., 2015; Wong Chung et 
al., 2018; Kisser et al., 2020). The advantage would be that the surgery could, 
most probably, be performed under local anaesthesia in an outpatient clinic 
without the need for more expensive general anaesthesia. Also, the postoperative 
pain and risk of haemorrhage, which are usually even more intensive and 
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common in adults, would be less if the recovery period followed the same pattern 
as seen in children. Additionally, the recommended two weeks of sick leave after 
TE is a long time for employees, and an earlier return to work after surgery would 
be more cost-effective for society. The risk of regrowth of tonsils in adults after 
TT has not been reported in the literature. In adults, however, natural involution 
of the tonsils is seen, and thus significant regrowth of tonsils in adults would be 
unexpected. 
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7 CONCLUSIONS 

1. The present study disclosed the change of tonsil surgery method in the 
treatment of SDB in children operated at a single tertiary care centre over 
a 10-year study period. The change in the surgical method from TE to TT 
led to a decreased number of costly tonsil surgery complications. 

 
2. The number of visits because of tonsil surgery complications was 

significantly less after TT than TE, and the rates of secondary 
haemorrhages were 0.6% vs 5.2%, respectively, reinforcing the safety of 
TT over TE. All other complications were rare.  

 
3. Children operated on monopolar TT recovered faster than children 

undergoing cold dissection TE: the need for analgesics was shorter and 
return to normal diet and activities was quicker. Thus, the caregivers of 
children who had undergone TT were able to return to work five days 
earlier, thus lowering the indirect cost of health care.  
 

4. TT and TE had an equivalent positive effect on HRQoL in children with 
SDB at the 1-year follow-up.  
 

5. TT is associated <2% risk of resurgery. Young age during the primary 
surgery is a predisposing factor for resurgery. The recurrent/chronic 
tonsillitis and abscess formation following TT were extremely rare; thus, 
it seems that neither of those are justifiable arguments against TT.  
 

6. TT and TE seem to be cost-effective in the treatment of SDB. After TE, 
the cost of complications was higher, but the need for potential resurgery 
after TT may compensate for the costs in the future.  
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