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ABSTRACT
Tonsillectomy is one of the most frequently performed surgical procedures in
children and youths. The aim of this thesis was to study children and youths in relation
to tonsil surgery with the goal of improving the care, and to describe partial tonsillectomy/tonsillotomy (TT) using radiofrequency technique (RF) (Ellman International)
in comparison with the more commonly used total tonsillectomy (TE).
The thesis covers studies of two age-groups with obstructive problems, with or
without recurrent tonsillitis. Randomization to surgery was done from the existing
waiting list; 92 children, 5-15 years old to 49/TT and 43/TE, (I-III) and 76 youths,
16-25 years old to 32/TT and 44/TE (IV-V).
The first purpose (I, IV) was to compare the two surgical techniques with respect
to pain and postoperative morbidity. Pain measures were for the children the Face Pain
Scale and for the youths and parents and staff a verbal-pain-rating-scale. From the
first day, the TT-groups scored significantly less pain than the TE-groups. The doses
of pain-killing drugs (paracetamol and diclofenac) taken were significantly less for
the children and youths receiving the TT-surgery, they could stop taking pain-killers
sooner, and were back to normal activity three (5-15yrs) or four (16-25yrs) days earlier
compared with TE-groups.
Paper II focused on the child’s behavior (Child Behavior Checklist/CBCL), experience of pain, anxiety (State-Trait-Anxiety Inventory for Children /STAIC), previous
experiences of surgery/tonsillitis, and the management of pain. The children scored
higher on CBCL than a normative group before surgery, but no connection was observed between CBCL rating and experience of pain reported post surgically. There
was no relation between preoperative anxiety and reported pain, but the postoperative
anxiety level correlated with pain. The TE-group scored higher anxiety after surgery.
Previous experience of surgery or tonsillitis did not influence the postoperative pain.
The nurses scored pain lower than the parents/children and under-medicated.
The second purpose was to compare the long-term effects of TT and TE-surgery
after one and three years (5-15yrs) and one year (16-25yrs) (III, IV). The effect on
snoring was the same for both TT and TE-groups and the rate of recurrence of throat
infections was low after both surgical techniques.
After one year, all children (TT/TE) showed improvements on CBCL to the same
degree and there was no longer a difference between total behavior and normative
values. They also scored improvements in health-related quality of life (HRQL) with
Glasgow-Children-Benefit-Inventory.
For both TT and TE, the older group reported lower HRQL preoperatively on all
dimensions of Study-Short-Form (SF-36) compared with a normal population. After
one year, a large improvement was found in HRQL in both groups and there were no
differences compared with a normal population.
Conclusion: Preoperative obstructive problems, in combination with recurrent tonsillitis have a negative impact on HRQL. Both after TE and TT there are large improvements in HRQL, infections, obstructive, and behavior problems one to three years
after surgery, indicating that both surgical methods are equally effective. With fewer
postoperative complications, less pain, shorter recovery time, and lower cost, TT with
RF should be considered as method of choice.
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INTRODUCTION
Tonsillectomy (TE) with or without adenoidectomy is one of the most
common surgical procedures performed world wide in children and young
adults. The indications are recurrent tonsillar infection or obstruction of
the airway. In Sweden, about 6000 individuals were tonsillectomized during
2004, 60% in the age group 5-15 years and 26% in the age group 16-25
years1.
During the last 20 years, a significant number of investigations of tonsil
surgery have focused on decreasing the duration of surgery, collateral tissue
damage, peri-and postoperative pain and recovery time2 . Total TE, which
still is the most commonly used technique, has a high morbidity (pain,
bleeding, nausea, vomiting and dehydration), associated with the recovery
period (lasting up to 2 weeks)3-5. Postoperative pain remains the major
side-effect of the operation. Surgeons and anesthesiologists have
searched for methods or medication that will reduce peri- and postoperative
morbidity6.
Several techniques, mostly based on electrosurgery, have been developed
as alternatives to traditional blunt dissection. They all seem to work well
for the removal of the tonsils and result in less postoperative bleeding, but
they do not greatly reduce the postoperative pain 2,7-16. However, if a partial
intracapsular tonsillectomy (tonsillotomy/-TT) is performed, postoperative
morbidity is decreased to a remarkably extent3,17,18.
Paracetamol is the mainstay of pain treatment for patients undergoing
TE even today, despite the fact that paracetamol alone is insufficient19 and
that the commonly used doses of paracetamol are too low20-22 . Using
paracetamol in combination with NSAIDs appears to be helpful in reducing
pain, but is still controversial regarding effects on bleeding 22,23.
Pain in children is underestimated24,25, and may be inadequately treated
in the hospital and at home after tonsillectomy26-28. Although surgery, stress
and pain may have negative effects, pain is a risk factor and has a strong correlation with problematic behavior29,30. Children develop behavioral stress
and anxiety before surgery and this seems to be a factor for later behavioral
problems (e.g. sleeping problems, anxiety, nightmares, eating problems)31-33
which can have an impact on postoperative recovery. In adults, there is a
relationship between preoperative anxiety and postoperative outcomes such
as experienced pain, use of analgesics and return to normal activities33-37.
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For children under ten years of age, the most common indication for tonsil surgery is sleep-disordered breathing (SDB), but many children also have
several tonsillitis episodes. In young adults, recurrent infections constitute
the main indication for surgery and the indication is only rarely based solely
on tonsillar hypertrophy with obstructive symptoms. Infections causing repeated absences from school and academic studies may put a young person’s
future at risk by impeding academic results in high school, college and
accomplishment in work and social life.
According to the most recent Cochrane review38, the long-term effects
on infections after “adult” tonsillectomy have not yet been established.
Patients with throat obstructivity and/or recurrent throat infections may have
varying symptoms. Those symptoms may have different impacts on patients’
lives in terms of health related quality of life (HRQL). Sore throats result
in health care visits, the use of oral antibiotics and days off from school
or work for many patients. Obstructive problems (long-lasting snoring,
difficulty in breathing during sleep, sleep-apnea) have been associated with
several health-related consequences. Children and youths can display
“daytime behavior changes” such as social withdrawal, hyperactivity,
rebellious behavior, aggressiveness, and some research has even linked it to
ADHD39-42 . Daytime sleepiness may impair a person’s ability to study, since
being tired and fatigued during the day may lead to learning difficulties and
to more frequent use of health care services42,43.
An improved quality of life has been shown after TE for sleep disorders
as well as for those who have had recurrent infections. Recently, much has
been written on the benefit of TE and adenoidectomy with respect to improvement of a patient’s quality of life as well as an improvement in a child’s
behavior after TE44-50.
Today, the socio-economic aspects of different surgery options are becoming more and more important. Several studies have demonstrated that the
technique of TT, compared to TE may decrease the period and level of postoperative pain, the risk for postoperative hemorrhage, and allowing for a
quicker return to normal activity and diet51. These circumstances minimize
the costs for TT and are an important advantage compared to TE. Another
way to implement the effectiveness of a surgical method is to evaluate the
benefit on the pre-surgical symptoms and the HRQL.
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BACKGROUND
Historical Background
Tonsillectomy procedures are among the oldest operations still existing.
Celsus, in Rome (about 40 AD), described the blunt removal of the tonsils
by use of the finger. He recommended removing only a portion of the tonsil,
recognizing that any attempt to take the entire tonsil might result in uncontrollable hemorrhage.
A device developed in 1828 by Physick, the tonsillotome or tonsil guillotine, gained considerable popularity and was modified many times over
the next 100 years. The tonsil ”guillotine” allowed tonsillar operations to
be performed with increasing speed and frequency, which was important in
a time without anesthesia. In 1917, Crowe refined tonsillectomy to sharp
dissection by addressing potential risks preoperatively, improving the surgical technique addressing anesthetic concerns and recommending patient
discharge from hospital first when all postoperative complications had been
resolved. TE quickly evolved into one of the most common surgical procedures performed. In the 1930s and 1940s, the excitement began to wane,
as new studies showed a natural decline in the incidence of upper respiratory infection (URI) in children after the first few years in school and also
because antimicrobial agents became available. The frequency of TE procedures has been reduced drastically since the advent of antibiotics52-54.
The common indication for tonsil surgery in the past was infections.
The most common indication for tonsil surgery now is obstructive
problems due to hypertrophic lymphoid tissue. In the last 10 years, partial
tonsillectomy, or tonsillotomy (TT) for obstructive symptoms, has
reappeared in the medical literature in connection with the introduction
of new instruments/techniques. Historical experience suggests a lack of
consistent precision with older instruments, which may be avoided with the
use of new techniques54,55.
Anatomical Background
Palatine tonsils are structures derived from the 2nd branchial pouch. The
first appearance of the palatine tonsils occurs at about the 14th-15th of gestation by the development of invaginations of the epithelium in the underlying
mesenchymal cells and infiltration of the stroma by lymphoid cells56.
The lateral palatine tonsils (in this thesis “the tonsils”), (Fig.1), nasopharyngeal tonsil (adenoids), (Fig.1) and the anterior portion of the lingual
tonsils form the ring of lymphoid tissue in the upper part of the pharynx
called Waldeyer’s Ring57.
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The lymphatic tissue of Waldeyer´s pharyngeal ring is a specific part of
the mucosa-associated lymphoid tissue (MALT), consisting of immunocompetent cells (especially rich in antibody-producing B-cells arranged in
lymphoid follicles). These lymphoid tissues are thought to be part of the
immune system helping to fight infections involved in the defense of the upper airways (by trapping microbial pathogens entering through the mouth
and nose)58-61. After birth, the tonsils are one of the first organs to react to
external antigenic stimuli through respiration and deglutition56.
The nerve supply (to the tonsils) is mediated by the tonsillar branches of
the glossopharyngeal nerve at the lower pole of the tonsil and through the
descending branches of the lesser palatine nerves, which pass through the
sphenopalatine ganglion.
The majority of the blood supply to the tonsils is provided by the tonsillar
branch of the facial artery. The ascending pharyngeal, descending palatine
and the dorsal lingual branch of the lingual artery also contribute.
The adenoid tissue (i.e., nasopharyngeal tonsils) is situated on the posterior wall of the nasopharynx immediately inferior to the rostrum of the
sphenoid58-61.
The immunologic importance of the adenoids is greatest during the preschool years, since the adenoid tissue grows during this period and thereafter
undergoes an age-related involution resulting in a gradual decrease in size62 .
In adults only small remnants of lymphoid tissue are seen in the nasopharynx.
There is a physiological hypertrophy of adenoids and tonsils during
development which also affects systemic immunity, both through initiation
of antibody production and activation of T-cells60,61,63. The immunologial
function of the adenoids and tonsils and the possible effects of their removal
is still controversial. There are few long-term follow-up studies of the possible
alteration in the cellular or humoral immune system after TE64.
Parental TE history has been reported to have a significant influence on
the decision to tonsil surgery in children, and the children who are operated on have also reported more sore throats and tonsillitis than children of
parents who had not undergone TE65,66.
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Adenoid
Tonsils

Fig. 1. The tonsils and the adenoid

Health before surgery
The indications for TE are recurrent tonsillitis, peritonsillar abscess,
chronic tonsillitis or tonsillar hypertrophy resulting in upper airway
obstructions. Other indications for surgical removal of the tonsils and/
or the adenoids include cor pulmonale (i.e., secondary to adenotonsillar
hypertrophy), dysphagia with ingestion of solid food, speech abnormalities,
orthodontic aberrations, and suspicion of malignancy52,55,64,67.
Tonsillitis
The efficiency of TE for treatment of recurrent infections or chronic
tonsillitis was shown by Paradise et al.68. They found that if a child
undergoes TE, there is a fifty percent chance of not having another
“sore throat” in the first postoperative year. If surgery is not
performed, there is a ninety percent chance of one ore more such episodes.
They also observed that a substantial proportion of subjects who did not
undergo TE had a relatively low incidence of subsequent throat infection68.
Thus, the ultimate effects of the procedure are still uncertain38,69,70.
Obstruction
Snoring is a common symptom in patients with sleep-disordered-breathing
(SDB) that includes primary snoring (PS), upper airway resistance syndrome
(UARS), obstructive hypoventilation, and obstructive sleep apnea (OSA).
The SDB symptoms include oral breathing, long-lasting snoring, sleepapnea, difficulty in breathing, restless sleep, frequent awakening, failure to
15

thrive, enuresis, abnormal bite, and behavior disturbances65,71-73.
Primary snoring refers to snoring with no evidence of disturbed alveolar
ventilation or the sleep architecture. UARS is characterized by increased
respiratory effort and sleep fragmentation without episodes of hyponea or
apnea. Obstructive sleep apnea (OSA) is characterized by repeated episodes
of upper airway occlusion during sleep71,74,75. Primary snoring, UARS, obstructive hypoventilation, and OSA are suggested to represent phenomena
of different severity in a continuum, with primary snoring on one end and
OSA on the other. There is a great deal of symptom overlap between these
four entities. One patient could exhibit all four phenomena74.
The present thesis includes children and young adults from existing
waiting lists for tonsil surgery, who had not had preoperative sleep registration (i.e., polysomnography/PSG).
Consequences
SDB has been associated with several health-related consequences.
Children and youths can display “daytime behavioral changes” such as
social withdrawal, inattentiveness, hyperactivity, rebellious behavior, or
aggressiveness, some may even be linked to ADHD. Primary and secondary enuresis is common among children with SDB and, in small children,
a noticeable “failure to thrive39-42,76. In extreme cases of SDB in children,
cor pulmonale and pulmonary hypertension may be presenting problems.
Daytime sleepiness may impair a person’s ability to study because of
fatigue and sleepiness during the day, leading to learning difficulties and
to a more frequent use of health care services42,43,77-83. Morning headache
is often associated with moderate to severe OSA74. Parents of children with
OSA are concerned about the sleeping problems with regard to school performance and overall growth and development, even to the point of being
fearful for the child’s life.
Sore throats result in health care visits, the use of oral antibiotics, and
days off from school or work for many patients. Parents of children with
recurrent tonsillitis tend mainly to be worried about performance issues due
to missed school days and missed work days when they had to care for the
child at home84.
Another way to measure the consequences of tonsil problems is to
evaluate the effects on general quality of life. Quality of life is a subjective,
multidimensional concept that varies with time. It contains various spectra
of life such as finance, work, freedom, as well as physical, psychological,
16

and social health. When evaluating quality of life from a health perspective, the term health-related quality of life HRQL originates from the World
Health Organization’s (WHO) widely accepted definition of health. It states
that ”health is a state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity” and as “the individual’s
perception on their position in the life, in the context of the culture and
value systems in which they live, and in relation to their goal expectations,
standards, and concern85. The interest in measuring HRQL is growing, and
constitutes the end point in clinical trials.
Several studies have determined the impact on HRQL in children and
adults with SDB before TE using general quality of life as well as diseasespecific instrument measures44-46,86. Children with diseased tonsils had
significantly poorer HRQL than healthy children; in addition, the general
health perception of children with tonsil and adenoid disease, is similar to
the perception of children with asthma and juvenile rheumatoid arthritis87.
Today in Sweden, we have no validated specific measuring instrument translated for assessing HRQL in children with OSA and tonsil disease before
and after surgery.
In youths and adults, clinical studies have been focused on the effectiveness of TE, and most authors have examined only changes in objective
measures of health status, such as the disease-impact data (the health care
visits, treatment used, work-days missed) or the number of episodes of tonsillitis47,48. There are no data on the HRQL or health status impact in youths
and adults with obstructivity and recurrent tonsillitis that enable comparisons with the general population. Neither are there any longitudinal studies
after TE on the impact of HRQL before TT/TE and follow-up with the
same instrument.

Well-being in the context of surgery
Preoperative Anxiety
Preoperative anxiety in connection with surgery is common. Variables
such as situational anxiety of the mother, temperament of the child, age of
the child, and the quality of previous medical encounters all may predict a
child’s preoperative anxiety32,88.
Preoperative psychological conditions may also influence the prevalence
of preoperative anxiety and postoperative pain. It has been observed that
forty to sixty percent of children exhibit psychological or physiological
manifestations of anxiety in the perioperative period, and preoperative anxiety is associated with postoperative behavioral problems30,89,90.
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Anxiety seems to be associated with pain91. Previous experience is another
variable to be considered since negative experiences can influence the next
health care visit, which can be associated with more anxiety and with more
problematic behavior30,32,88,92,93.
Preoperative preparation
Changes in caretaking procedures and policies have created an environment that is increasingly supportive of children and families. Liberal visiting
policies, parental rooming-in and structured preparation for the procedures
are now almost a routine94.
In recent decades, many intervention programs have been described in
the literatures that are designed to prevent or reduce children/youth anxiety
and distress in the hospital environment. Surgery is stressful for children of
all ages and their parents. There are several methods such as photo-albums,
hospital tours, play therapy, and filmed modeling that can be utilized to decrease the anxiety associated with these potentially threatening events. The
health personnel, mostly the nurses are responsible for working with each
family to plan and to implement the type of preparation needed to prevent
emotional and behavioral problems, and to help the child and parents to
cope with the stress and management of the pain related to the surgery90,95-99.
The postoperative instructions are best given in both verbal and written
form prior to the day of the child’s surgery, to avoid the need to stop on
the way home to buy pain medication100-103. On the day of surgery, many
parents are not in a condition that favors reception and retention of information about postoperative care because of their own anxiety, fatigue and
hunger during the day of the child’s surgery102,104,105.
Fasting guidelines in children
Liberal preoperative fasting guidelines have been implemented in most
countries106,107. Brady et al.108 concluded in a Cochrane review that there
was no evidence that healthy children who are not permitted oral fluids for
more than 6 hrs preoperatively benefit in terms of intraoperative gastric
volume and pH compared with children permitted unlimited fluid up to two
hours preoperatively. Children who are permitted clear fluids up to 2 hrs
prior to anesthesia have more comfortable preoperative experiences in terms
of thirst and hunger (light meals 6 hrs prior anesthesia)106,107. Long waiting periods on the day of surgery between being admitted to the time of
operation are found to be very unpleasant with regard both anxiety and
thirst/hunger109.
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Premedication
A good psychological preparation programme compares favorably with
sedative premedication95. The most commonly used premedication is midazolam to decrease the child’s preoperative anxiety, induce amnesia and to
attenuate problematic behavior after hospitalization110-113. However, it is not
always beneficial in combination with sedation; this disadvantage should
be considered. Some children have negative reactions (e.g. violent behavior, physical assault)114, and using midazolam can increase later behavioral
problems115. If the amnesia is not 100%, memories can still be present116.
One effective treatment of pain is to start preoperatively with paracetamol22,117,118. This practice is based on the assumption that administration of
an analgesic drug before nociceptive input can prevent sensitization and thus
ameliorate postoperative analgesia23. In most cases, paracetamol should be
given before surgery and preferably orally.
Several studies have explored the benefits of parental presence during
induction of anesthesia to decrease the child’s anxiety, and these studies
have shown mixed results. Parental anxiety was noted to be a significant
predictor of child anxiety. Parents who were highly anxious increased their
child’s anxiety. Preoperative parental anxiety levels also correlated with the
child’s fears and behavior one week after surgery119-123. With proper preparation, parents should be encouraged to be present during the induction of
general anesthesia. In Sweden, the routine is mostly to allow the presence
of one of the parents during the induction of anesthesia to make the child
less anxious.
Anaesthesia
Today, all tonsillectomies in children is performed under various anesthesia techniques, inhalational or intravenous induction, continued with
balanced inhalational anesthesia or total intravenous anesthesia. In tonsil
surgery orotracheal intubation is used in a majority of the patients. A tendency to use a laryngeal airway mask is also becoming more common. All
patients enrolled in the present studies were anesthetised using orotracheal
intubation according to the hospital routines.
The routine for the most pediatric anesthesia wards in Scandinavia
is to insert an intravenous needle/IV prior to induction (after 60-90 min
application of local anesthesia, EMLA®). If that is not possible, or if the
child will not accept IV needle insertion (mostly younger children), inhalation induction with a mask is used with sevoflurane, oxygen and nitrousoxide. This requires noninvasive blood pressure measurement and monitoring
19

pulse oximetry, fractional inspired oxygen, and end-tidal carbon dioxide.
Inhalational induction with sevoflurane, which is a volatile agent well
suited for induction, is well accepted by children, and gives faster induction as well as recovery than halothane124-126. Incidence of dysrhythmia is
markedly reduced with sevoflurane compared to halothane, and thus,
sevoflurane is becoming the first choice agent for ENT surgery in children. Excitement is not uncommon during induction of anesthesia124, and
addition of nitrous oxide tends to reduce the incidence127.

Surgical techniques for tonsil surgery
Over the years, several techniques and instruments have been developed
or refined for the surgeon’s armamentarium in performing tonsil surgery.
The surgical method can be performed either “cold” with blunt dissection
or with the aid of a microdebrider or with hot energy tools (cautery, electrosurgical, radiosurgical or laser devices). Table I, illustrates an overview of
tonsil-surgical techniques.
Tonsillectomy/TE
The standard (total) tonsillectomy technique removes the entire tonsil,
including its associated capsule. This procedure involves grasping all of
the tonsil, pulling it toward the midline, incising the mucous membrane,
identifying the tonsillar capsule, dissection along it, snaring the base of the
tonsil, and removing the entire tonsil from the fossa. In this thesis, TE was
performed with the cold (blunt) dissection technique.
Tonsillotomy/TT
The tonsillotomy technique is used to perform a subtotal tonsillar resection, also known as a partial tonsillectomy, intracapsular tonsillotomy or
intracapsular tonsillar reduction. This procedure involves surgical removal
of the majority of the tonsillar tissue without violating the capsule, leaving a protective coating of lymphoid tissue and tonsillar capsule over the
pharyngeal structures.
In this thesis, TT was performed by monopolar radiofrequency (RF)
with ellman 4.0 Mhz Surgitron Dual Radiowave unit (Ellman International
3333 Royal Ave Oceanside, NY 11572 USA). See the RF-TT-procedures in
the “Method” part.
Functionality and advantages of RF-Surgitrone Ellman
Electro-surgical and laser devices operate with low frequency and high
temperatures, in contrast to the ellman Surgitron 4MHz dual RF. The radio waves activate the water molecules within the cells that are in close
20
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2 ,155

Monopolar
Radiofrequency
surgitron
ellman 4Mz

Microdebrider

Tonsillotomy
Carbon dioxide
laser

‘Coblation’
Bipolar
Radiofrequency
Cold Ablation

Harmonic scalpel

‘Cold knife’
dissection
Electrosurgery
‘hot knife’
dissection

Tonsillectomy
‘Guillotine’

Table I.

Laser tonsil ablation (LTA) performed using hand-held CO2 laser or potassium-titanyl-phosphate (KTP) laser to vaporize and
remove tonsil tissue. Laser acts as hot knife with low lateral heat in vascularized tissue leaving dry wound with excellent
homeostasis. Special safety precautions needed to avoid risks such as burns and fire in surrounding tissue and tracheal tube. 17,147-149.
Electrically powered rotating shaver with continuous suction. Consists of tubular cutting instrument with suction device connected
to handpiece. Used to perform partial tonsillectomy by shaving tonsils, thus removing obstructing tissue without disturbing tonsillar
capsule. 150,151.
Unipolar probe generates high frequency radio-energy (4MHz) forming plasma field of sodium ions in cells—separating cell
bindings and cutting tonsillar tissue with low heat generation (50oC). Low lateral heat gives minimal thermal injury152,153. Same
equipment can be used for tonsil ablation through probes inserted into tonsil (not cutting) which, by scarring, reduces tonsil size.
Procedure can be repeated and performed in office setting. 154

“Historical” method still in use at some clinics outside Sweden. Tonsil is partly or totally removed using guillotine-like instrument
128,129
.
Removal of tonsils using scalpel and blunt dissection. Ligatures and/or diathermy used for homeostasis 130. Standard technique for
tonsillectomy at most clinics in Sweden.
Tonsillar tissue extirpated using electric current (‘hot knife’ dissection). Blood loss reduced by simultaneous electrocautery.
Procedures include monopolar and bipolar diathermy dissection, suction diathermy dissection, and bipolar scissor dissection.
Bipolar diathermy: current passed through tissue between tips of a pair forceps, electrical energy concentrated in small area and
tissue heats extremely rapidly, resulting in coagulation of blood vessels. Monopolar diathermy: energy passes away from the
instrument and dispersed to ground electrode placed on leg of the patient. Heat of electrocautery (400 degrees Celsius) results in
thermal injury to surrounding tissue. In USA, electrocautery considered the standard technique 12,131-135.
Harmonic scalpel uses blade vibrating at 55,000 cycles per/second. Invisible to the naked eye, vibration transfers energy to tissue,
simultaneously cutting and coagulating. Temperature of surrounding tissue reaches 80 degrees Celsius. End result is precise cutting
with less thermal damage than electrocautery 136,137.
Bipolar probe used that generates low frequency radio-energy through conductive medium (normal saline), forming plasma field of
sodium ions around electrode (the “wand”). As energy from ionized particles is transferred to tissue, dissociation occurs in bonds
between molecules of tonsil tissues causing break down with less heat generation than with electrosurgical techniques (65oC versus
>100oC with standard diathermy). Causes less collateral thermal injury. Can be used to remove all or only part of tonsil. Wands are
single use. 138-146.
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contact with the electrode, and cutting is accomplished by a “plasma layer”
in front of the electrode. The radio waves are directed by an antenna, which is
placed under the shoulder of the patient. The lateral heat reaching the
surrounding tissue is minimal and there is no risk for accidental burns
on intubation tubes. In contrast to laser surgery, no danger is involved in
using oxygen. The result will be minimal scar tissue formation, and faster
healing. In contrast to conventional cautery, which causes damage similar
to 3rd degree burns, the tissue damage that does occur in high frequency
radio surgery is superficial and is comparable to that which occurs with
lasers technique.
Compared to laser techniques, the equipment is less expensive, more easily transportable and does not require ad hoc environments. Furthermore,
handling, maneuvering and adjustment of the instrument is easier.

Health and wellbeing after surgery
Pain
Pain after conventional TE is often intense and associated with significant morbidity during the recovery period. Considerable pain may be
experienced after TE lasting one week or longer5,89,156-162 . Following the
operation, pain will generally abate over the first few days, then increase for
1-2 days, and finally recede slowly over the following 10 days163. In many
children, not only drinking and eating, but even speech, may be painful.
As a result of improvement in the appreciation of pediatric pain and
pharmacological knowledge, the management of pain in children is changing rapidly. Previously, it was a popular misconception that children do
not feel pain as severely as adults do, and that the magnitude and duration
of pain was believed to be less than in adults164,165. Studies between 1980
and 1990 demonstrated that the prescriptions for children were inadequate.
Children were often given less analgesics than prescribed and in comparatively lower doses than adults25,166,167. Focus on the management of postoperative pain has demonstrated that under-treatment of postoperative pain
still exists24,168-173.
TE is a useful model for the study of postoperative pain in children because of the relatively large number of “otherwise healthy” children who
undergo this surgery annually. Most of the children will have their first
surgical intervention in an otorhinolaryngologic setting.
According to the International Association of the Study of Pain (IASP),
pain is defined as “an unpleasant sensory and emotional experience as22

sociated with actual or potential tissue damage or described in terms of
damage”174. This definition emphasizes that pain is not predetermined by
the extent of tissue damage; the essential point is that pain is a composite
of psychological and physiological variables. The IASP definition further
states that pain is subjective and each individual learns the application of
the word through earlier experiences.
Management of pain
The goal of postoperative pain management is to minimize or eliminate
discomfort, facilitating the recovery process and avoiding complications
(IAPS)174. Assessment of pain is important; without proper pain assessment,
there can be no good quality pain relief175.
Nurses play a key role in pain assessment and intervention in children.
Some results have shown that professionals overestimate mild pain and
under estimate more severe pain176,177. The influence of the diagnosis at hand
and the child’s expression influence the nurses’ attribution of pain; they
scored more pain for children who vocally expressed their pain178. Further,
the nurses tended to overestimate the effect of analgetics172 .
Under-treatment of pain leads to increased morbidity as well as postoperative behavioral changes, such as sleep disturbances, separation anxiety,
apathy, and withdrawal4,30,89,90,169,179,180. Parents may have several misconceptions about pain. Finely et al. 26 found that parents were hesitant to use
pain medication even though children were experiencing pain. Several researchers have found inadequate pain management in children at home after
TE5,26,27,157,179,181. Poor pain management may also lead to increased utilization of health services.
Children need effective analgesic treatment, both in the hospital and at
home, to ensure calm recovery. The immediate postoperative comfort obtained by proactive analgesic needs to be followed by analgesics given on a
continuous basis182-185. Patients in every age-group and the parents of children are well prepared if they are informed and actively involved in pain
assessment and management186. Continuing support is necessary to ensure
high parental and child satisfaction after discharge.
Several methods of providing the discharge instructions can be used when
teaching the parents, children and youth postoperative pain assessment and
management. Handouts can be given to both children and parents 187. Followup phone calls should assess the current level of pain, pain management,
clarify discharge instructions, and supply (extra) information, and support
for decreasing children’s pain187-189 101,102 .
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Pain-scoring-system
A variety of factors influence a child’s perception of pain, including fear,
anxiety, physical states, such as fever, nausea, dyspnea, and the body’s individual sensory messages at the time. Response to pain is also affected
by past experience, coping strategies, current circumstances, culture, and
personal beliefs167,175,190-192 .
Self-report is the gold standard for pain assessment. However, many
studies of post-tonsillectomy pain use parental reports100,179,181,193-195. One of
the first studies where the children themselves were asked whether they felt
pain was published in 198328. All children should be regularly assessed for the
presence of pain. Whichever scoring system is used, the assessments should
be repeated regularly, appropriate interventions should be prescribed, and
their effectiveness in reducing the pain score should be regularly documented.
Preoperative teaching is preferable to enable accurate use of this tool.
Visual analogue scales (VAS) can be operated by children from around
the age of five, but a detailed facial expression scale is better understood.
When using self-report scales in children, they need an understanding of
the term “hurt” (Swedish “ont”)191. They also have to understand the concepts of ”less, the same, and more”190. As children (7+ yrs) become more
comfortable with numbers and the concept of quantification, they can use
numbers and verbal description scales (Likert-scale). Few investigators have
studied self-report specifically for adolescents. However, this age-group requires instruments that are more restrained and “adult-like”190. Face pain
scales (FPS)196 (Fig.5a) provide measures of intensity and effect that appear
to be more distinctive than VAS. Facial expression scales would be the most
appropriate choice among currently available measures for helping children
over a wide age range to estimate the sensory and affective components of
their postoperative pain197. The FPS used in this thesis has relatively neutral
faces, rather than the “smiley” faces chosen by Wong and Banker198. For
assessment of pain intensity the use of faces without smiles (“no pain”) or
tears (“worst pain”) is to be recommended because children give higher pain
ratings when smiling faces indicate “no pain” than when neutral faces are
used to signify “no pain”199.
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Medical interventions
Medical mangement of postoperative pain following TE is definitely
not standard all over the world. There is a wide varity opinions areas of
controversy include perioperative injection of local anesthetic agents, postoperative use of antibiotics, perioperative use of intravenous steroids, and
analgesics6.
Paracetamol
Paracetamol is justifiably the most popular postoperative analgesic.
Paracetamol, as an analgesic used alone, often provides insufficient
analgesia after TE22,27,179,200-202 . The commonly used doses have even
less efficacy for postoperative analgesia and therefore high doses are
recommended during the first three postoperative days22,23,203 204.
An important factor affecting the adequacy of the analgesia of paracetamol is the manner of administration. Rectal paracetamol has lower bioavailability (78%) and a longer interval to peak plasma concentrations compared
with oral forms22,205,206. Maximum serum concentration after oral administration is reached in 30-60 minutes, while a longer delay is experienced after
rectal administration, varying from 1 to 2,5 hours22 . Orally administrated
paracetamol is more effective than the same dose rectally207.
Codeine, in combination with paracetamol, has an analgesic effect that
is slightly higher than that of paracetamol given alone. About 10% of a
given dose will be transformed into morphine; however, some individuals
are unable to convert codeine to morphine22 . Several studies have concluded
that even paracetamol with codeine was ineffective in managing children’s
pain the first days after TE208,209.
NSAIDs
The combination of an NSAID with paracetamol performs better than
paracetamol alone to provide satisfactory pain relief after TE22,23,158,183,200,
201,208,210-215
. Non-steroidal anti-inflammatory drugs (NSAIDs) are useful for
postoperative pain management because surgery causes both pain and inflammation.
NSAIDs are effective analgesics, and lack opioid-related adverse effects 216.
The effectiveness of NSAIDs as pain medications and their anti-inflammatory effects is generally well accepted 217-220 and these medications are opioid
sparing in the recovery period 207,212 . NSAIDs do not induce respiratory depression217, and they are of considerable advantage for patients who have
symptoms of OSA 23. NSAIDs reduce the incidence of postoperative nausea
and vomiting (PONV)200,201,210,211,221.
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The use of NSAIDs for analgesia after TE is controversial because
NSAIDs prevent platelet aggregation, and may increase the risk of perioperative bleeding 216,222 . Several reviews concluded that there is lack of
evidence for NSAIDs increasing the incidence of bleeding after TE, and the
issue remains ambiguous216 223,224. If the first dose of an NSAID medication
is given after surgery, it seems that the incidence of postoperative primary
bleeding is not increased211,225.
Tramadol
Tramadol is an opioid analgesic that does not inhibit prostaglandin synthesis as do NSAIDs226. Tramadol may represent a superior choice over
morphine in this group, with the potential to cause less postoperative sedation and respiratory depression 22 .
Steroids
Corticosteroids have a combined antiemetic and anti-inflammatory effect
that may decrease postoperative tissue injury, edema and pain after TE6.
Antibiotics
Antibiotics are used as a therapy in many countries for children undergoing TE in order to decrease possible pharyngeal inflammation from bacterial colonization, and as an approach to improving recovery6. In Sweden,
postoperative antibiotics are not prescribed because of the side effects of
inducing bacterial resistance, and similar considerations have been expressed from clinics in other countries, e.g. UK 227.
Local anesthesia
Intraoperative infiltration with local anesthetics may reduce immediate postoperative pain, but it has not been shown to influence long-lasting
analgesia5,228-236.
Morphine and Ketobemidone
In the immediate postoperative period after TE, it is not optimal that
paracetamol be combined with NSAIDs or codeine for all patients. For
postoperative pain when there is need for a rapid onset of analgesia, the
intravenous administration of morphine should be the norm 22,207. Morphine
belongs to the strong opioids, and is the most commonly used drug, based
on extensive knowledge of its effects22 . For most children with acute pain,
the risk for respiratory depression is very low, but observation is important.
The dose of morphine must be titrated against to the level of pain, and the
response to a given dose will occur within a few minutes22,191. Individualized titration can only be achieved by regular reassessment and re-evaluation
of the treatment190.
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Ketobemidone is very similar to morphine, and is usually used in Scandinavia for acute pain management in patients, but mostly for adults22,191.
Nonpharmacologic management
The postoperative pain can be alleviated by using nonpharamacological
methods as adjuvants to analgesics237. Pain is processed by the nociceptive
system, and the pathway from stimuli to conscious perception of pain is
influenced by activities in the central nervous system.
The most commonly used nonpharamacological strategies with young
children (TE) are comforting the child and giving emotional support, spending more time than usual with them, distracting them with TV or video
watching, or by reading to the child193,238. One TE study with school-age
children used ”guided imagery”, a method of distraction with an imagery
videotape. The treatment group demonstrated less pain and anxiety239.
Physical methods for pain control are drinking and eating iced foods238.
Proper hydration is also very important during this time, since dehydration
can increase throat pain, leading to a vicious cycle of poor fluid intake.
Secondary bleeding is thought to be associated with poor intake of food and
fluid, and infection.
The best dietary advice that can be given to TE patients is to encourage regular eating so that the child can return to the usual diet soon after
surgery. If the child is able to eat foods that the child enjoys, then the child is
more likely to comply, making for speedier recovery240. No evidence suggests
that a special diet is required; however, soft foods are more easily swallowed than solid. Post-tonsillectomy pain on swallowing is thought to be due
to the trauma-induced spasm of the constrictor muscles of the tonsil bed.
The only physical method to relieve this muscle cramp is achieved by chewing
and swallowing solid food. When the muscles are relaxed, pain is less.
Two studies advocated chewing gum for relieving difficulty with swallowing following TE. Also, the referred otalgia can frequently be alleviated
by chewing gum, and comfort is improved when this is started the day after
surgery. The increased salivary production associated with chewing may
reduce the spasm, and saliva decreases the pain (dry sore throats are more
painful)241,242 .
Complications
Complications of tonsillectomy may occur within the first 24 hours
after surgery or weeks to months postoperatively. Most common post27

operative complications include hemorrhage, PONV, dehydration, and
referred otalgia53,243-245.
Hemorrhage is the most common complication after tonsil surgery.
Primary hemorrhage is defined as occurring within the first 24 hours,
and secondary hemorrhage occurs after 24 hours245. A small degree of
bleeding after TE is not uncommon: an estimated 0.1-8.1% of patients have
hemorrhage, and mortality because of bleeding is about 0.002%.
The overall risk of bleeding is approximately 1-2%, higher in adults,
approximately 10% of adult patients develop secondary bleeding 246.
Small bleeding may stop spontaneously, or via mild intervention (e.g.
gargling cold water, sucking on an ice cube). Moderate to severe hemorrhage should be addressed in the operating room. Postoperative tonsillar
bleeding can be immediately life-threatening with the involvement of major
vessels (internal and external carotid system, facial and lingual arteries).
A re-operation and anesthesia is connected with substantial risk, due to the
hemorrhage and a dehydrated postoperative patient.
Another complication is the risk for PONV, which may be as high as
50-80% in TE, and antiemetics reduce this risk 247-249. Morphine increases
the incidence of PONV compared with other analgesics200,250. Respiratory
depression and sedation from morphine may also be risky after pharyngeal
surgery212,217 when a prompt return of airway reflexes is required.
It is also important to note that pain itself can cause nausea 251. Blood in
the stomach causing gastro-intestinal irritation, is another factor of particular interest in ENT operations and is associated with increased incidence
of PONV252 .
Dehydration as a complication to tonsil surgery is secondary to pain
and results from nausea/vomiting related to anesthesia, as well as to
swallowed blood and decreased oral intake. Younger children are especially
prone to develop dehydration, as they are less cooperative and have less volume
reserve, and often exhibit postoperative weight loss (common in children
who do not eat because of pain).
Otalgia is a common complication associated with a sore throat.
The cause of otalgia in tonsillitis and after TE is referred pain through the
tympanic branch of the glossopharyngeal nerve. This nerve is located deep
in the superior constrictor muscle, which is of importance because it can be
injured during dissection.
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Inpatient versus outpatient recovery
In recent decades, several authors have reported that outpatient TE
is safe for selected patients. There are variable recommendations on the
appropriate length of postoperative observation prior to discharge
(3-10hrs)253-262 . All authors conclude that, with good organization, TE can
be safely performed as day surgery. In addition to the positive reports of
increasing day-case operations, there have also been distressing reports of
poor management of postoperative pain, inadequate patient information,
and a high degree of contact with health care after discharge. Frequent post
TE contacts should be taken into account when financial and personnel resources of day surgery are evaluated. Careful attention must be paid to the
quality of counseling prior to discharge from the hospital the day of surgery
by providing repeated information and first line telephone-counseling 263.
No studies, except those included in the present thesis, have commented on
the outpatient recoveries with regard to tonsillotomy.
Quality of well-being after surgery
Good quality health care is considered the right of every patient, and
a responsibility of the medical staff. Tonsillectomies are not performed to
save a life, but to improve quality of life. In recent years, attention has been
focused on quality of life parameters after TE when treating children and
younger adults who suffer from OSA.
Several studies have shown the impact on HRQL pre- and postoperatively after tonsil-surgery in children with SDB. These studies show a large
improvement in HRQL, school performance and daily behavior etc. after
TE39,45,46,79,264-266. A meta-analysis illustrated effective treatment of OSA
with TE in the majority of patients, with normalizing polysomnography
(PSG) (82.9%)267.
In 2002 the only study44 was done since Paradise et al., 198468 that
focused on children with recurrent tonsillitis and/or OSA. This study
demonstreated an improvement in total behavior and HRQL after TE44.
In adults with recurrent and chronic tonsillitis the number of antibiotic
prescriptions and clinical visits decreased, and patients enjoyed an improvement in the quality of life after TE47,48,268. No studies have evaluated HRQL
in youths with obstructive problems and/or recurrent tonsillitis after TT,
neither have there been studies evaluating HRQL in children after TT.

29

30

AIMS
The overall aim of this thesis was
– to study children and young people in relation to tonsil surgery with
the goal of improving the care of these patients.
– to describe a new, more gentle method: tonsillotomy using radiofrequency technique (RF) in comparison with the more commonly used
total tonsillectomy (blunt dissection/cold steel).
The specific aims of the studies were as follows:
Paper I
– to compare two techniques for pediatric tonsil surgery (5-15 yrs) with
respect to pain and postoperative morbidity. The two methods were partial
tonsil resection using radiofrequency technique (RF), tonsillotomy/TT
versus tonsillectomy/TE (blunt dissection).
Paper II
– to compare child behavior before surgery with respect to pain and
anxiety in relation to two techniques of tonsil surgery.
– to explore whether a connection exists between a child’s previous experiences of surgery and/or tonsillitis and their anxiety and experience of pain
in connection with surgery.
– to compare the children’s, parent’s and nurse’s rating of postoperative
pain, also with regard to age and gender.
Paper III
– to compare effects of partial tonsil resection using radiofrequency technique, TT with total TE after one and three years with respect to prevalence
of relapse in snoring or infections, and long-term changes in behavior.
Paper IV
– to describe the RF-method for TT when used on adolescents and young
adults (16-25 yrs) who had recurrent infections as the primary indication
for surgery.
– to evaluate the technique in comparison to TE both with respect to
postoperative morbidity and risk for further infections/obstructivity within
the first year.
Paper V
– to evaluate the effects after one year of the surgical techniques TT and
TE on adolescents and young adults (16-25 yrs) the obstructive symptoms,
the susceptibility for infections and the HRQL (including how HRQL compares with the HRQL for a normal population).
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MATERIAL AND METHODS
Study designs and subjects
This thesis is based on five publications (I-V), designed as prospective
randomized (I,II,IV) and prospective follow-up studies (III,V).
Inclusion and exclusion criteria
The patients eligible for the randomization were those experiencing to a
greater or lesser degree, obstructive problems (snoring, experienced restriction in the throat during exercise and/or eating) with or without recurrent
tonsillitis.
Criteria for exclusion were previous peritonsillitis or documentation that
the subject’s tonsils were small. Parents and children/youths were excluded
if they could not speak and read Swedish. In study IV-V patients were excluded who had been treated with antibiotics for throat infections during the
last three months.
Randomization procedure
The randomization procedure used to allocate the patients to either TE
or TT was performed according to a modification of Zelen’s method 269271
. Randomization was implemented using a sequentially numbered list
generated by a computer. An independent person drew – even numbers
to TT and odd numbers to TE. The modification of Zelen’s method was
that after randomization for both surgery-groups the patients/parents were
asked for their informed consent to participate in the study; if they declined
they were excluded.
From October 2002 to March 2003 (study I-III), 150 children (5-15 yrs)
and from December 2004 to November 2005 (study IV-V), 114 adolescents
and young adults (16-25 yrs) on the ordinary waiting list were randomized
on three ENT clinics (Linköping, Norrköping and Jönköping), all within
the same region of Sweden.
After randomization, all patients and families received the same
information by mail about the purpose of the study, and the surgical
techniques used. Written consent to take part was obtained from the parents
in study I-III and from the patients themselves in study IV-V if they were 18
or older, otherwise from the parents. After consenting, all parents/patients
had a second contact through a telephone call before pre-visit, at which time
they could ask further questions.
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Samples
Participants and withdrawals are illustrated in Figure 2 (I-III) and Figure
3 (IV-V). The participants’ age and gender distribution for are shown in
Table II.
Paper I. Of the 150 children who were randomized, 92 children were
operated on - 49 TT and 43 TE (Fig.2). The ages were similar, but the
distribution of genders was slightly different (Table II).
Paper II. The same study population participated as in paper I (Fig.2).
All the questionnaires were administered and measurements made in
connection with surgery. Paper II focused on the child’s behavior,
experience of pain, anxiety, previous experience with surgery, and the
management of pain.
Paper III. The same study population participated as in paper I (Fig.2).
Ninety-one of 92 children/parents completed the questionnaire (Qu1) after
one year. Eighty-nine came for the follow-up visit and three were interviewed by phone. After 33 ± 2 months, all 92 children/parents participated in
the follow-up.
Paper IV. Of the 114 patients who were randomized, 76 patients were
operated on - 32 TT and 44 TE. (Fig.3). One TT was changed to TE
during surgery, and this patient was excluded from the analysis. All postoperative logbooks were collected. There was a significant difference in
gender ratio (p<.05), with more girls in the TE group, but with same age
distribution. The study patients were in high school (40/76), at universities
(12/76), unemployed (4/76), working (16/76) or in military service (4/76).
Paper V. The same study population participated as in paper IV (Fig.3).
Seventy-five patients were followed-up one year after surgery. All of them
answered the inquiry. One patient (in the TE group), was excluded from
analyzes, because the questionnaire was incomplete. This paper focuses on
the postoperative obstructive symptoms, tendency for infections and HRQL
evaluated after one year.
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Table
Table II
II
Age, gender distribution and case history of tonsil infection

Age, gender distribution and case history5-of15tonsil
yearsinfection
old
Study I,II
515 years
old p Value
Variables
TE
TT
Study
I, II TT/TE
(n=43)
(n=49)
Agea) in Variables
years
8.7±3.6P value
ns c)
TE9.8±3.4 TT
d)
Gender b) females/malesd)
17/26
30/19
p<.05
(n=43) (n=49) TT/TEd)
Tonsil infection in case historyb)
29
31
ns

a)
a)
Meanin± years
SD. b) number c) t-test d) 2 –test
Age
9.8±3.4 8.7±3.6
Gender b) females/malesd)
17/26
30/19
Tonsil infection in case
29
31
historyb)
a)

ns d)
p<.05d)
nsd)

Mean ± SD. b) number c) t-test
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16-25 years old
Study IV
16-25 years
oldp Value
TE
TT
IV TT/TE
(n=44) Study
(n=32)
nsc)
19.7±3.2
19.8±2.6
TE
TT
P value
d)
32/12
17/15
p<.05
TT/TE
(n=44)
(n=32)
45
31
nsd)

19.7±3.2 19.8±2.6
32/12
17/15
44
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nsd)
p<.05d)
nsd)

150
Randomizationfrom waiting-list:
70/TE 80/TT

Declined
7/TE 15/TT
Already operated
2/TE 3/TT

Study letter to the parents
After written consent

telephone contact

Home:
• CBCL
• Health declaration

120

Excluded
Sponatneus recovery
15/TE 9/TT
No tonsil hypertrophy
1/TE 1/TT
No healthy/anaemia
1/TE 1/TT

60/TE 60/TT
Previsit:
• ENT-examination
• Weight & height
• Preparation program
43/TE 49/TT

The 24 hours in hospital:
• STAIC I 1 h. before surgery
• PAIN every wake hour
• STAIC II 4 h. after surgery
Home:
PAIN three times a day
• Pain medication (P)
• Food (P)

Excluded
Language problem 1/TE 2/TT

92

92

Post-operative visit, 9 days after surgery:
• Weight
• Degree of healing
One Year Follow-up:
• CBCL
• Questionnarie Qu1
• ENT-visit

91

Three years Follow-up:
• Questionnarie Qu”
• GCBI
• ENT-visit

92

Excluded
1/TT 1/TE

42/TE 48/TT
90
Figure2
XXFlow
Paper I-III:
Flow sheet,
number ofof
patients
(5-15 yearsdropouts
old) , dropoutsand
and data
collected
Figure
sheet,
number
patients,
data
collected.
Paper I-III (age-group 5-15 yrs).
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114
Randomization from waiting-list:
55/TE 59/TT
Study letter to the patients/parents
After written consent

telephone contact

45/TE 32/TT
Home:
• SF-36
• Health declaration

Declined
5/TE 17/TT
Already operated
1/TE
Excluded
Spontaneous recovery: 2/TT
Tonsillitis the last three months: 3/TT
No tonsil hypertrophy: 2/TE 5/TT
Pregnant: 2/TE

77

Previsit:
• ENT-examination
• Weight & height
• EQ-VAS

Excluded
1/TE

44/TE 32/TT
The 24 hours in hospital:
Registration of
• Pain every wake hour

76

Excluded
1/TT

75

44/TE 31/TT
Home:
Registration of
• Pain
• Pain medication

Post-operative visit, 7 days after surgery:
• Weight
• Degree of healing
• EQ VAS
One Year Follow-up:
• Questionnarie Qu1
• SF-36
• EQ-VAS

75

Excluded
Not completed
1/TE

43/TE 31/TT
74

Figure XX Paper IV-V :Flow sheet, number of patients (16-25 years old), dropouts and data collected

Figure 3 Flow sheet, number of patients, dropouts and data collected.
Paper IV-V (age-group 16-25 yrs).
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Surgical procedures
Tonsillectomy
Local anesthesia including adrenaline was applied under the mucus
membrane of the tonsil, medial to the anterior pillar. The tonsil was pulled
medially so that the mucous membrane could be incised at the bottom of
fossa supratonsillaris and the tonsil be freed outside of its capsule without
damage to the anterior pillar. The upper pole of the tonsil was freed and the
tonsil bluntly dissected outside the capsule and removed at the tongue base
with a sling. Diathermy or ligatures were used for haemostasis during this
dissection.
Adenoidectomy
Adenoidectomy was performed if necessary. An ordinary ring knife was
used under full vision by placing a mirror in the throat and pulling the soft
palate forward using two catheters through the nose to the mouth.
Tonsillotomy with RF
RF-TT-Surgical procedure (The ellman 4.0 Mhz Surgitron Dual Radiowave unit): A neutral electrode (antenna) was placed under the patient’s
shoulder and connected to the Surgitrone. Local anesthesia including vasoconstrictor (0.25% bupivacaine with epinephrine) was slowly injected into
the tonsillar tissue on both sides. A two cm wide gauze strip was pushed
through fossa supratonsillaris into and along the groove between the tonsil
and the posterior pillar in order to protect the posterior pillar (Fig.4a). In
adults, this groove can be very shallow.
A needle instrument tip was attached and the Surgitrone was activated.
Superficial vessels were coagulated with 10% (15Watt). After changing
to the cutting mode and increasing to 15% (35Watt) in study IV, an incision was made in the tonsil (not in the anterior pillar up over the upper
pole without holding/pulling the tonsil (Fig.4b). After changing to the Htz
tonsil sling (tonsillotomy loop) (Fig.4c) and to cut/coagulation mode 40%
(47Watt) in study I and 40% (45Watt) in study IV, the tonsil was grabbed
with a fine artery forceps so that the incision opened up and the tonsil was
cut through with a smooth movement, down to the gauze protecting the
pillar. If the groove into which to push the gauze strip was too shallow, the
cut was made only halfway through the tonsil, and the final incision done
from behind. An ordinary tonsillar swab was pressed against the remaining
tonsillar surface for haemostasis. It is important to avoid taking too much
tonsillar tissue – hold to the first incision line.
When both sides were finished, the final coagulation of remaining small
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vessels was done either with the needle and the ball instrument tip (Fig. 4d).
No ligatures were used.

Figure 4. (a) After injection of local anesthesia into the tonsil a 2 cm wide
gauze strip is pushed into the grove between the tonsil and the posterior
pillar for protection. (b) An incision is made along the anterior pillar with
the needle instrument. (c) The Htz sling is used to cut through the tonsil. (d)
Final result-normal sized tonsils.

Anesthesia and pain treatment in the hospital
The patients arrived at the clinic in the morning on the day of surgery.
The body weight was measured if the pre-visit occurred more than two
weeks before surgery.
Premedication
The premedication was given orally 1 hr before surgery: paracetamol 40
mg/kg bwt for 5-15 year old patients (I,II) and 2g for 16-25 year olds (IV).
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The older age group (IV) was also given diclophenac 50-100 mg on the same
occasion, while the younger (I) received diclophenac 1–2.5mg/kg bwt and
morphine 0,05 mg/kg bwt before extubation, i.v. If necessary, sedation was
given after a decision by the anesthesiologist (I,II,IV).
Induction of anaesthesia
In study I-II, the induction was done with thiopenthone or propofol and
fentanyl i.v. The anesthesia was maintained with sevoflurane/air/O2. If the
child did not accept IV needle insertion, the anesthesia proceeded with mask
induction (sevoflurane). Parents were present at the induction of anesthesia.
One of the hospitals had an antiemetic drug-routine and gave ondansetron
(Zofran®0.05mg/kg bwt) i.v. and betametason (Betapred®0.15mg/kg bwt)
i.v. to all children before extubation.
In study IV, the induction for two of the ENT-clinics was propofol and
fentanyl i.v. and maintained with sevofluran/air/O2 and the third total intravenous anesthesia with remifentanil and propofol.
Tracheal intubation was performed in all patients and all had a gauze
packing above the larynx (I,II,IV).
Postoperative analgesia
In the postanesthesia care unit (PACU), or the ENT-unit, morphine (I,II)
and morphine or ketobemidon i.v. (IV) were given and titrated when the
registered pain score “was equal to or more than three” (Fig.5b).
During the first three postoperative days, pain treatment was give as paracetamol 100mg/kg bwt/day, divided into four doses, and then reduced to
75 mg/kg bwt/day for the younger study group (I). Diclophenac, was given
in one or two doses, 2-3 mg/kg bwt/day (the first doses after surgery were
given after 8 hrs)203.
For the older age group (IV), paracetamol 1g was administered orally every
4hrs during the first 24hrs (max 4g/24hrs loading dose not included), and
diclophenac 50 mg three times (max 150-200mg/24hrs including loading
dose). The parents/patients were instructed to first withdraw diclophenac
and thereafter reduce the dosage of paracetamol while keeping the pain level
“below 3” e.g. just accepting a minor/slight pain level (Fig.5ab). The instructions for pain medication were given verbally and in writing.
All parents were contacted by phone on the day after discharge, and during
the entire postoperative period they had a direct phone number to call.
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Measurements
Health declaration (I-V) and Preoperative Questionnaire (IV)
The questionnaires were answered at home before surgery (Fig.2,3). The
questions were: ”Does your child / Do you have” any disease at present?
Previous diseases? Allergies? Asthma? Prevalent medical treatment? Has the
child (Have you) been exposed to surgery earlier? Previous problems with
anesthesia? Have relatives had any problems with anesthesia? The preoperative questionnaire that was constructed for study IV, concerned questions
about obstructive problems and history of tonsillitis.
Child Behavior Checklist (CBCL) (II-III)
The Child Behavior Checklist (CBCL) was answered by the parents at
home before the preoperative visit and one year after tonsil surgery. CBCL
was developed by Achenbach and coworkers272,273 and is widely used to
assess behavioral/emotional problems and social competences in
children. It has been translated into at least 50 languages and validated
in many countries. Sweden is one of those countries for which it has been
validated and normed274. The CBCL consists of two parts: social competence
and behavior/emotional problems. In this study only the items from the
behavioral/emotional part was used.
This part is an 113-item survey of specific child behaviors to be
answered by the parents. Each item is scored as follows: Not true, 0; Somewhat or Sometimes true, 1; and Very true or Often true, 2. The items are
divided into eight narrow-band scales: Withdrawn, Somatic complaints and
Anxious-depressed, Social problems, Thought problems, Attention problems, Delinquent problems, and Aggressive problems, and into two broadband dimensions: Internalizing, which comprises the subscales Withdrawn,
Somatic complaints and Anxious-depressed, and Externalizing, which comprises the subscales Delinquent behavior and Aggressive behavior. A total
score is also given by the sum of all the items (II,III).
STAIC (I-II)
The State-Trait Anxiety Inventory for Children (STAIC)275 was completed by the child in the ward one hour before and four hours after surgery.
Non-literate children were helped by the parent. The STAIC consists of two
separate 20-item self-report rating scales for measuring state (situational) and
trait (baseline) anxiety. In the present study, only the state anxiety “How I
Feel” scale was used. The STAIC assesses the intensity of a child’s feeling of
tension, apprehension, nervousness, and worry at a given time. Each STAIC
item begins with the stem “I feel” followed by three alternative endings
containing a key descriptive term, e.g., “worried.” The child responds by
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marking the alternative that best describes how he/she feels “right now, at
this very moment,” for example (Item 9): “I feel – very worried – worried
– not worried.” The STAIC, which can be used from the age of five years,
is widely used to measure anxiety in children and adolescents. The scale
yields scores ranging from 20 to 60 with higher scores indicating higher
anxiety275.
Pain registration (I-IV)
The Faces Pain Scale (FPS) was used to score the postoperative pain
experienced by the children (Fig.5a)196. FPS is a widely used self-reported
instrument for pain measurement that consist of seven drawings of faces
that are rank-ordered in equal intervals for their expression of pain from
“no pain” to the “most possible pain” (scored 0–6). Test-retest reliability is
very good (.82) and face validity, content validity and construct validity are
supported.

Fig. 5a The Faces Pain Scale (FPS), numbered 0-6 from left to right196 .
Used by permission of the International Association for the Study of Pain ®.
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Fig.5b. Seven-point verbal pain scale (VPRS)
The parents, the nurses (I-II) and the young adult patients (IV) used a
corresponding seven-point verbal pain rating scale (VPRS) from “no pain”
to “most pain possible” (Likert type scale) see Figure 5b.
In study I-II the pain was scored independently by the child, the parent
and the nurse every hour the child was awake during a period of about 24
hours, and after discharge, the child and parents continued to rate the pain
three times per day until the child was pain free. The registration was done
before he or she was given/taken medication in both age-groups.
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In study IV, pain in the hospital was recorded by the patients each hour
they were awake. After discharge, they logged the experienced pain once a
day (in the evening), indicating the highest pain level experienced any time
during that day. The scoring was always done before medication.
Glasgow Children’s Benefit Inventory (GCBI) (III)
Three years after surgery the Glasgow Children’s Benefit Inventory
(GCBI)276 was completed by the parents of children younger than 18 years
(III). The GCBI is a health-related quality-of-life instrument assessing the
child’s condition after intervention/surgery. GCBI comprises 24 questions
on the consequences of a specified intervention on various aspects of the
child’s day-to-day life. The GCBI evaluates general symptoms and shows
four dimensions related to emotion, physical health, learning and vitality
and is suitable for use in pediatric otolaryngology for children of any age.
Before use, the original English version of the GCBI was carefully translated
into Swedish by two independently qualified users of the English language, and independently back-translated into English to ensure accuracy. The
versions from translators were compared and one target version was drafted
and discussed with people having knowledge about pediatric otolaryngology.
Questionnaires – Qu1 and Qu2 (III,IV)
A semi-structured questionnaire (Qu1) constructed for the study about
general health, snoring, eating difficulties and infection was answered after
one and three years (III) and after one year (IV) (Appendix).
Questionnaire Qu2 (III) included 11 questions; eight of them identical to
those in Qu1 (Appendix). Three questions were added: (1) number of ENTinfections since the one-year follow-up; (2) whether the child had undergone
surgery since the previous control; and (3) whether the family wanted contact with an ENT-specialist.
SF-36 and EQ-5D VAS (IV-V)
The HRQL was measured using the Swedish version of the Medical Outcomes Study 36-Item Short Form Health Survey (SF-36)277,278, before and
one year after surgery. It is a well known, validated, generic quality of life
instrument that measures both physical and mental components of HRQL
over a range of eight domains: (1) physical functioning (PF), (2) role limitations because of physical health problems (RP), (3) bodily pain (BP), (4)
general health (GH), (5) vitality (energy fatigue) (VT), (6) social functioning
(SF) (7) role limitations because of emotional problems (RE), and mental
health (psychologic distress and psychologic well-being) (MH).
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The response alternative varies from two (“yes” and “no”) to six (Likert
type scale). A score of 0 to 100 is calculated for each domain on the basis of
patient responses, the higher score indicating a better HRQL. The domainspecific scores are summarized into two summary scores known as the physical component (PCS) and mental component (MCS).
An age and sex-matched reference sample (n=439) was randomly
drawn from the Swedish SF-36 national normative database (N=8930)277.
The scores from the study were compared with those normative data.
The EuroQol-5D (EQ-5D) is a generic, preference-based, utility questionnaire and consists of two parts; EQ VAS and the EQ-5D index 279,280.
In this study, we only used the EuroQol Visual Analogue Scale (EQ VAS ),
which has been used in a number of therapeutic areas and contains a vertical rating scale (“thermometer” design) from 0 to 100 with 0= ‘Worst imaginable health state’ and 100= ‘Best imaginable health state’. The patients
rate how they perceive their health on that particular day.
Procedure paper I-III
The procedure (I-III) and the measures used are illustrated in Figure 2.
At home, the parents completed a questionnaire about the child’s dayto-day behavior (CBCL) and a health declaration including questions about
previous experiences of health care.
At a preoperative visit within 2 weeks before the planned operation a
physical examination was performed and the child’s body weight was
measured.
The design of the study, rating scales for assessment of the child’s experience of pain, and the coming pain medication were explained in a standardized way identical for all families and responsible staff at three participating ENT-clinics by the same nurse/researcher. The parents were given
a copy of all the rating scales to take home to practice. Verbal and written
information were also given to the parents and child about the general routines at the specific hospital. The child received an instructional booklet explaining the hospital routines through a series of photos of a child starting
with the pre-admission visit, continuing with different stages on the day of
surgery and finally with the child coming home. Parents were instructed to
read the booklets to their children prior to and after surgery. Three different
versions of preoperative information for the child were used at the three
participating clinic. Hospital 1; preoperative information for the child was
given in the operating ward by a nurse anesthetist. Hospital 2; the hospital’s
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play therapist informed the child of the procedures in the room for play
therapy. Hospital 3; an anesthetics nurse called home the day before surgery
and answered questions from the parents and child.
When the children arrived at the hospital all the children had their
anxiety level scored by themselves on the STAIC, once before and once after
surgery in the ENT-unit.
The children stayed in the hopital for at least 24 hrs after the tonsil
surgery, due to the design of the study. All children had a relative that slept
overnight with them in the ward.
The postoperative pain was registered independently by the child, the
parent and the nurse every hour the child was awake. The children used a
Faces Pain Scale (FPS), the parents and the nurses used a seven-point verbal
pain rating scale (VPRS), (see Fig.5ab).
Up to the postoperative visit (day 7–10), the child and parents continued
to rate the pain three times per day. They also recorded the number of doses
of pain-killing drugs used. If the child was not pain-free at the postoperative
visit the parents continued to make notes and returned them by mail. No
restrictions concerning food intake were given. Each day the parents recorded which kind and how much food the child ate using a three – level scale
(liquid, “soft” or “normal”).
At the postoperative visit, the child’s weight was measured and throat
condition was checked for the degree of healing. The child and the parent
gave their opinion of the entire healthcare encounter.
After one year, the 92 children were investigated with respect to general
health, snoring, eating difficulties and infections using two questionnaires
Qu1 (Appendix) and Child Behavior Checklist (CBCL). After an ENTexamination, a nurse separately carried out a semi-structured interview with
the child and the parent on their opinions of the surgery and perioperative
care; weight and length were also recorded. The parents were encouraged to
keep a diary of all ENT-infections until the next planned follow-up.
After three years, (mean 33 months) two additional questionnaires (Qu2
and GCBI) were sent to the parents. Qu2 included 11 questions; eight of
them identical to those on Qu1 (Table II). Three questions were added: (1)
number of ENT-infections since the one-year follow-up; (2) whether the
child had undergone surgery since the previous control; and (3) whether the
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family wanted contact with an ENT-specialist. Charts from each reported
ENT- related doctor visit outside the clinic were collected.
Procedure paper IV-V
The procedure (IV-V) and the measures used are displayed in Figure
3. Before surgery, the patients completed: 1) a preoperative questionnaire,
constructed for the study, about the symptoms of obstructivity and earlier history of sore throats., 2) a measure of HRQL, the Short-Form 36
(SF-36)277,278, and 3) a self-rated health visual scale, the EQ VAS279,280.
At a pre-surgical office visit two weeks before the operation, the indication
for surgery was re-evaluated by a physician. The design of the study, the
rating scales, and the schedule for taking the analgesics were explained by
the nurse/researcher.
The patients used the seven-point verbal rating scale (VPRS) (Fig.5b).
In the hospital, pain was recorded every hour the patient was awake. The
patients remained in the clinic post-surgery between 6-24 hrs depending on
the medical assessment and local tradition (at one clinic all patients stayed
overnight). After discharge, he/she logged the experienced pain once a day
in the evening, indicating the highest pain level experienced any time during
that day. The number and dosage of analgesics was also logged. This procedure continued until pain-free, at which time the logbooks were mailed in.
No restriction was placed on food intake. In the log book, the patients
recorded each day how difficult food intake had been using a five-point
scale (1 = no problems, 5 = quite severe problems to eat and drink).
On the 7th day after surgery, a postoperative check-up office visit was
carried out. The patient scored her/his health state on the EQ VAS and their
weight was measured once again.
After one year, the patients were investigated with respect to general
health, snoring, eating difficulties and infections using two questionnaires:
A questionnaire constructed for the study about health, snoring, and infections (Qu1) (Appendix) and SF-36 with EQ VAS. The patients also
answered open questions regarding whether they had been through any
sort of surgery under the follow-up year, about the operation and the time
after surgery, and whether they wanted an ENT-consultation. An ENT
appointment was scheduled if the patient requested one, or if their answ
ers otherwise made one appear appropriate. Charts were collected from
each reported ENT-related doctor visit outside the surgical clinic.

46

STATISTICAL METHODS
Statistical analysis was performed with Statistica 6.0 (Stat Inc,USA) (I)
and SPSS® Windows version 11.0. (II-V).
Descriptive statistics were used in all papers to show the characteristics
of the subjects. The data was expressed as number of cases and percentage.
Parametric data was expressed as mean ± standard deviation (SD) and confidence intervals (95%). Nonparametric data was expressed in median and
inter-quartile range.
Student’s t-test was used for comparing between surgery method with
respect to age, duration of surgery and anesthesia, blood-loss, and number
of doses of pain-relief given. χ2 analysis was used when testing for gender
differences and number of preoperative tonsillitis in each group. Fisher’s
exact test was employed for calculations that include small numbers (<5).
Non-parametric methods were employed since the variables are at an
ordinal level of measurement and the data is not normally distributed (Kolmogorov-Smirnov test).
Differences on the CBCL between normative data for the Swedish
population and the scores from the present study were tested using Student’s
t-test since only means and standard deviations for the latter group were
presented 274.
SF-36 data was analyzed using tools and normative values provided by
the HRQL-group at the University of Gothenburg, Sweden 277. Differences
between the population in this study and the comparative populations were
tested using Student´s t-test (2-tailed) for normally distributed continuous
variables since the calculations could only be done on values for means and
standard deviations for the comparative sample.
The Mann-Whitney U test was used to analyze differences between surgical methods in relation to children’s behavior, anxiety patient activity,
eating problems, EQ VAS, and pain level.
Changes in the child’s level of anxiety before and after the operation
were assessed using the Wilcoxon signed-rank test and for comparison of
preoperative and postoperative data for changes in scores over time (CBCL,
SF-36, EQ VAS, Qu1-Qu2).
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When assessments of pain by staff, parents and children were compared,
the Kruskal-Wallis test was used (II).
Correlation between the different measures of behavior, anxiety, pain
and correlation between the questions in Qu1 and Qu2, respectively, was
calculated with Spearman rank correlation.
All tests were two-tailed and P values <.05 were considered statistically
significant. *=p<.05, **=p<.01, ***=p<.001
The sample size of the study population was based on data from previous
studies of tonsil-surgery in which differences between the results were high
enough to allow for about 30 subjects in each group of treatment to be sufficient for inclusion in the planned study17,148.
Non-significant findings in a study may be due to Type II error (the problem of study power). A calculation of study power necessitates e.g. estimations of between group differences, data set dispersions, data distribution functions, and choice of inferential statistical method type. Often in a
clinical investigation, these parameters are difficult to effectively estimate
prior to starting a study, thus making all power calculations uncertain and
subject to discussion. Thus we have found it difficult to do precise power
calculations.
A simple yet illustrative method is to redo the non significant statistical
calculations using the observed dataset “doubled”. Doing this, an estimation can be made of the effects might have been on borderline significances
of using a sample that was twice as large.
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ETHICAL CONSIDERATIONS
The Medical Research Ethics Committee of Linköping’s University,
Sweden (registration no. 02-028 and no.03-449) approved the studies.
All participants were given written and oral information about the study. All
patients (older than 7 years) and their parents gave their informed consent.
Furthermore, they were informed that their participation was voluntary and
could be withdrawn by them at any time. The patients who wrote “no” for
participation were respected without any explanations requested.
The data were handled confidentially. All questionnaires and protocols
were coded. The results are presented in a way that ensures that it is not
possible to identify any of the individuals. All patients were given the same
information about the study at hand. We do not consider that participation
in any of the studies can have had any negative consequences for the subjects included; rather they received more attention, assessment and exercise
compared with common clinical handling.
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RESULTS
There were no gender differences of the recorded pain or in the use of
analgesics. Comparisons between the data from the three participating
clinics showed no clinic related differences in the pain ratings either for
youths, children, parents or staff or in the use of analgesics.
There were no differences in how the children scored on anxiety on
STAIC I and II related to the three hospitals preparation programs. There
were no gender or age differences for CBCL, STAIC, SF-36, EQ VAS or
Qu.

Health before surgery (I-V)
Symptoms (I-V)
The percentage of antibiotic-treated tonsillitis in each group the year before surgery did not differ significantly.
Paper I-III: 60/92 (65%) of the children (I-III) had had one or more episodes of tonsillitis and obstructive symptoms before surgery and the remainder had solely obstructive symptoms as indication for surgery (Table II).
Paper IV-V: In the older study-group (16-25 yrs), all except one of the 76
patients had had one or more episodes of tonsillitis in addition to obstructivity (Table II).
Paper I and II: Twenty-nine (32%) children had experienced surgery before the tonsil surgery, 23 (25%) in day surgery and 6 (7%) who had been
hospitalized, of whom two more than 1 week. There was a significant difference in CBCL scores between the total study group and normative values274
with respect to ”Internalization” (p<.001) and ”Total behavior” (p<.001).
There were no differences in CBCL with respect to surgical method. The
difference found for CBCL between the total group and the normative
values referred to the TT-group (Table III in paper II page 1753).
Paper V: Before surgery, both older TT/TE-groups (among patients with
obstructive problems) reported significantly lower HRQL, in almost all
dimensions of the SF-36 (p<.05-p<.001 when compared with a Swedish
normal population (Table II in paper V side 8).
The median self-reported health-status (EQ-VAS) was 70 (inter-quartile
range 60-80) in TE-group and 80 (inter-quartile range 70-85) in the TT
group, the difference was not significant.
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Well-being in the context of surgery (I,II,IV)
Preoperative events (I,II)
Eighty-one children (88%) did not receive sedation before surgery. Five of
the 11 premedicated children scored over the third quartile on CBCL, and
STAIC I. Children with previous experience of medical care and surgery did
not differ in CBCL and STAIC I and II compared with total selection.
The correlation between preoperative anxiety (STAIC 1) and CBCL was
for “Internalization”, rs=.29, p<.01, “Externalization”, rs=.26, p<.05, and
for “Total behavior”, rs=.30, p<.01.
Perioperative events (I,II,IV)
Perioperative data (I,IV) see Table III. The mean duration of anesthesia
and surgery was equal for TT and TE in both age groups. There was significantly less bleeding during surgery in the TT groups (I,IV) compared with
the TE-groups (I,V). The older TE-group (IV) had a more intra-operative
blood loss than the younger group (I).
The difference between the clinics in anesthetic techniques in study IV
did not influence the pain scoring or delivery of analgesics.

Health and wellbeing after surgery (I,II,IV)
Postoperative anxiety and pain (II)
The younger study-group that received TE demonstrated a significantly increased anxiety level (STAIC II) than the TT group. Additionally, all
children who experienced pain ≥3 (FPS) scored increased anxiety.
The TT-children’s anxiety level (STAIC) decreased from the preoperative
state to the postoperative state (p<.05). There were no similar significant
changes in the TE-group.
The postoperative correlation between STAIC II and CBCL was for
“Internalization”, rs=.16, “Externalization”, rs=.18, and for “Total behavior”, rs=.22, p<.05.
The experience of pain was scored at the same level whether the children
had had tonsillitis or previous experience of surgery.
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Perioperative data for the TE group and TT group in study I.II and IV.
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Pain (I,II,IV)
Both of the TT- groups, 5-15 years and 16-25 years old, scored significantly less pain than the TE-groups from the second hour onwards. During
the first 24 hours, the TE groups in both age-groups (I,IV) received more
doses of morphine or ketobemidon (i.v.) than the TT groups.
The children (II) who were adeniodectomized at the same surgical procedure did not score higher pain levels than the ones who had only tonsil
surgery, irrespective of method used.
Figure 6 and 7 shows the daily percentage of patients in each group recording “no pain” and the daily percentage of patients recording pain scores
3-6 (“pain” to “severe pain”). The differences in pain scores between TE
and TT was significant from day 1 (I,II,IV).
The amount of painkilling drugs (paracetamol and diclofenac) was significantly less (p<.001) for the children and youths treated with the TT-surgery (I,IV), and they stopped taking medication for pain sooner (p<.001)
compared with those who were treated with TE (Table III).
In the TT-group (I-II), the children ≥10 years old scored higher pain
levels than the younger children day 1–3 (p<.01) and day 3–6 (p<.001). In
the TE-group (I-II), generally a higher level of pain was registered, and there
were no age related differences. In the older age group there were no agedependent differences in pain either for TT or TE (IV).
Comparing the pain-level between the age-groups with the surgical method used shows that patients 16-25 years old (IV), scored significantly higher levels of pain, used more doses of analgetics during more days in pain
than the younger age group irrespective of surgical method. There was a significant difference between the older and younger age TE-group (IV) with
respect to return to normal activity (school or work). This difference did not
exist for the two age groups (I,IV), treated with TT (Table III).
The analgesia with paracetamol and diclophenac was not sufficient
during the first six days for a mean of 40% of the younger TE-group (I) or
for 75% of the older TE-group (IV) if only pain “below 3” (minor/slight)
was regarded as acceptable. Compared with TT, the analgesia given was not
sufficient during the first six days for a mean of 20% of the younger TTgroup (I) or for 40% of the older TT-group (IV).
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Fig.6. Percentage of patients scoring “no pain”(fig.5ab) in each age and
surgery group, from day 1 to day 7 after surgery.
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Fig. 7. Percentage in each age and surgery group, recording pain ≥3 - from
“Pain” to “Most pain possible” (fig.5ab) from day 1 to day 7 after surgery
(The highest pain level experienced at any time during the particular day).
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Paper IV: 21/44 of the TE group made one or more telephone calls to
consult about pain or bleeding. In the TT group 1/31 called once regarding
pain. Nine TE and two TT patients came for extra visits to the physician
due to pain or bleeding.
Pain assessment and treatment (II,IV)
Paper II: The level of postoperative pain was registered independently
by the child, the parent and the nurse every hour the child was awake. The
nurses generally scored pain lower than the parents (VPRS) and the children
(FPS) (p<.05). There was no significant difference between parents’ scoring
of pain (VPRS) and children’s (FPS) either in the hospital or at home. Few
children received the maximum dosage of paracetamol (100 mg/bwt) and
diclophenac (2–3 mg/bwt) as was prescribed for the first 24 hrs. Twentyfive/92 received a mean of <50% of paracetamol prescribed and 42/92 received a mean of <50% of diclophenac prescriped (Table V in paper III page
1755). The parents did not under medicate their children’s pain but many
did not fully follow the instructions for reducing the dosages of the medication. Some kept the diclofenac longer and reduced the paracetamol instead.
One TE-child (age 5) had visited the ENT-clinic on the third day after surgery due to pain and nausea, and had medication changed to paracetamol
with codeine and antibiotics (penicillin V).
Paper IV: Both older groups followed the instructions for reduction of
the analgesia and the number of days to the end of medication and the total
dosage of paracetamol and diclophenac differed significantly between TT
and TE. Five TE and one TT with poor pain control received extra tramadol. Three TE, two of whom had had primary bleeding and one with gastritis, were prescribed paracetamol + codeine instead of diclophenac. One TE
patient with severe secondary hemorrhage on the 9th day was changed over
from diclophenac to tramadol.
Discharge from hospital, postoperative follow-ups (I-V)
Discharge from hospital after surgery (I,II,IV)
Paper I-II: All children were discharged the day after surgery.
Paper IV: 18/31 of the older TT group was discharged on the day on surgery. None of the TE patients were discharged on the same day. Three patients stayed two nights in the hospital: one TE due to acute infection with
pneumonia, one of the TE with primary bleeding for extra observation, and
one TT stayed two nights due to nausea and vomiting caused by virosis in
his family.
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Follow-up after 10 days (I,II)
All 92 children were examined 10 (9,8 ±1,2) days after surgery. Eighteen
(42%) in the TE-group and four (8%) in the TT group still had pain at the
follow-up visit. The day of follow-up was independent of which kind of surgery had been received, but the degree of healing was significantly better in
the TT group (p<.001).
Ninety percent of the parents experienced positive changes in the child’s
behavior as reflected in the fact that their child had stopped snoring and
was sleeping better. Ten percent displayed negative changes: three children
seemed to have regressed in age, six were more anxious, sensitive, afraid
of darkness, having nightmares, and were more dependent on the parents
(6TE, 3TT).
Follow-up after 7 days (IV-V)
At the 7 days follow-up the self-reported health-status (EQ-VAS) was
lower for the TE group as compared with the TT group (p<.001).
Complications (I,IV)
Postoperative eating difficulties and weight loss (I,IV)
Paper I: The mean postoperative weight loss in the younger age group was
significant for the TE group but not for the TT-group (p<.001). The type
of food and amount of food the children could eat also showed significant
differences from the first to the 8th day after surgery (p<.05) (Table III).
Paper IV: The TT group in the older age group had all returned to normal eating habits by day 7 compared to day 12 for the TE-group (p<.001).
The TE-group lost a mean of 1.8 kilos during the first postoperative week,
compared to no significant weight loss for the TT group (p<.001) (Table
III).
Primary and secondary hemorrhage (I,IV)
Paper I: Of the 49 children, who were tonsillotomized, two had postoperative bleeding on the day of surgery (2–3 hrs after surgery); one was
stopped with diathermy after new anesthesia, and the other stopped spontaneously after suction on ice. One postoperative bleeding occurred among
the 43 TE children, which was stopped by injection of desmopressine.
No child had secondary hemorrhage (Table III).
Paper IV: There was no primary or secondary hemorrhage in the older
TT-group. Two primary postoperative bleedings occurred in the TE group.
One was stopped by “suction on ice”, the other by injection of desmopres57

sine, both patients received tranexamic acid (1g x 3) for four days. Four TEpatients had secondary hemorrhage. Of these one was severe, occurring on
the 9th day, and had to be treated in the operating room (Table III).
Otalgia (I,IV)
Paper I: 8/43 children in the TE group and none in the TT group reported
that ear-ache had bothered them more than the sore throat.
Paper IV: 12/44 in the older TE group reported postoperative otalgia and
1/31 in the TT group.
PONV (I)
Children with postoperative nausea and vomiting (PONV) rated an increase in pain (p<.05) (FPS) from the fourth hour after surgery. The children who received only one dose of morphine (0,05mg/kg) had more PONV
than the children who received more than one dose (p<.01). There was no
significant difference of PONV among the children who received antiemetic
drugs or not.

Long-term Health and Quality of well-being after surgery
(III,V).
Paper III: 91/92 children/parents completed the questionnaire (Qu1) after one year. Eighty-nine came for the follow-up visit and the rest were
interviewed by phone (Fig.2).
After 33±2 months, all 92 children/parents participated in the follow-up
(Fig.2). Two children had moved to foster homes, and the foster parents did
not know about the surgery or the infections before surgery. Eight families
asked for a telephone contact with a doctor and six of them later came for
a visit. Five children had had other surgery after the one year out of whom
follow-up – 3 TT and 2 TE had received an adenoidectomy.
Paper IV: All 75 enrolled young adults (Fig.3) answered the one-year follow-up (35% needed two mailings of the questionnaires before responding).
All answers were completed by the patient except one (TE)–this one was
excluded because it was incomplete. Three TT and two TE patients also
came for an ENT-visit; two TT for control after tonsillitis, one TT for sleep
registration, one TE due to common colds, sore throat and snoring and one
TE due to increased snoring compared with before surgery.
Six patients had had surgery during the follow-up period: 2 TT-boys had
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adenoidectomy after a CT-scan was done due to the suspicion of juvenile
angiofibroma, one for a haemangioma on the neck, one for a benign breast
tumor and one due to an extrauterine pregnancy.
Self reported postoperative snoring (III,V)
Paper III: There was no significant difference between the younger TTand TE-group concerning either frequency (Fig.8) or loudness of snoring
either at the one or the three year follow-ups. Snoring was still present for
some children in both groups, but there were no children where the parents
reported apneas.
After three years, 80% of the parents in both groups rated the child’s sleep
at night much better/better and 20% experienced no changes (GCBI).
Paper V: There were no significant differences between the TT and TEgroups either in frequency (Fig.8) or loudness of snoring. Most of the patients, who according to their records had had apneas before surgery, did
not have apneas after one year.
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Figure 8. The frequency of snoring one year after surgery in comparison
with snoring before operation (Qu) rated by parents’ (5-15yrs) and youths’
(16-25yrs).
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ENT infections and use of antibiotics (III,V)
Paper III: There was no significant difference between the younger TTand TE-groups regarding all ENT infections (otitis and URI including sore
throats) (Fig.9) or the use of antibiotics twelve and 33 months after surgery. Among the children who had had tonsillitis before surgery (65%), the
TE-children rated slightly better than the TT regarding all ENT-infections
(p<.05) after 33 months. Among the children who had had no tonsillitis before surgery there was no difference between the groups after 33 months.
There was no significant difference concerning sore throats/tonsillitis
treated with antibiotics between the groups after one year. In the immediate
postoperative period, one child in each group was treated with antibiotics
due to infection of the surgical field. One child in the TT-group had three
episodes tonsillitis during the first year, but none thereafter. During the first
year, one TT-child and one TE-child had tonsillitis at the same time as their
families suffered from “strep throats”.
At the three year control, there was still no significant difference between
the groups in number of sore throat infections treated with antibiotics. In
the TE-group, one child, also treated with antibiotics during the first year,
had been treated with antibiotics for “strep throat” and three children were
treated for “URI including sore throat”. In the TT-group, one child had had
tonsillitis after 30 months, another child had had tonsillitis after 13 months
and one peritonsillitis after 20 months (17 year-old girl); both were tonsillectomized two months after the follow-up. Three other (TT) were treated
for “URI with sore throat”.
On the GCBI-question about whether the child’s operation had made her/
him more prone to catch colds or infections, 77% in both groups answered
“much better” and “better” (health).
Paper V: There was no difference between the older TT and TE-groups
regarding ENT infections (upper respiratory infection including sore
throats) (Fig. 9) or the use of antibiotics.
There were five treatment periods with antibiotics for upper respiratory
infections (URI) for the TE-group and four for the TT-group. One boy in
the TT-group had had two tonsillitis episodes after surgery; he was the only
one who had not had tonsillitis before surgery. He was “very satisfied” with
the surgery as he had been cured from his obstructivity and slept well with
no snoring and had a much better appetite. One TT girl had had mononucleosis two months after surgery; after one year she scored “fewer infections” and “more seldom” with respect to snoring compared to the time
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before tonsil surgery.
Infections and health were significantly correlated (rs=-0.47, p<.001) as
well as infection and satisfaction (rs=-0. 37, p<.01) (Qu).
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Figure 9 Assessment of how prone to ENT infections (Qu) children and
youths were during the first year after surgery.
General Health, HRQL, Behavior (III,V)
Paper III: Both groups in the younger age group reported improvement
in general health after one (Fig. 10) and three years post-surgery with no
significant difference between groups. After three years, 97% of the TEand 96% of the TT-parents rated their child’s overall life “much better” and
“better”, no one rated “worse” (GCBI).
There was a correlation between the questions (Qu2) concerning general
health and snoring (rs=.47 p<.001) as well as between general health and
infection (rs=.24 p<.05).
There were no significant changes between the one and three year results
in the responses of Qu1-Qu2 concerning general health, snoring and infections in either study group.
Compared to normative values on the CBCL there was a difference
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before surgery between the whole study group’s score and normative
values274 on “Internalization” (p<.001) and “total behavior” (p<.001). After
one year, there was no difference between total behavior and normative
values, even though the study group still showed more “Internalization” but
in a lower degree than before surgery. After one year, both groups showed
the same degree of improvement of scores of the CBCL (p<.01).
The results after 33 months regarding emotion, learning and vitality on
the GCBI, largely demonstrated “no changes”. On the question about absence from school, 64%/TE and 55%/TT rated “better” and “much better”.
In both groups, about 50% of the children had better appetite and about
50% rated no changes and normal growth and weight after one year. After
33 months (GCBI), about 50% of the parents rated that the operation had
affected the child’s enjoyment of food for the better, 50% rated no change.
One child in the TT-group rated “worse” on enjoyment of food.
Before surgery, 10 children (7/TE 3/TT), age 7.4±2.2 years suffered from
primary enuresis. Nine of the ten were dry at night within two weeks after
surgery.
Paper V: Both older TT/TE-groups evaluated their health (Qu) to be improved compared with the time before surgery (Fig.10). The results concerning temper, stamina, and concentration after one year showed improvement for approximately 50% of the patients in both groups. On the rest of
the variables, each group had about the same score as before surgery.
The younger adults (16-25 yrs) with obstructive problems and tonsillitis
showed great significant improvements, 12 months after surgery; in almost
all of the dimensions of the SF-36 including some of the dimensions in mental health. There were no differences between the groups. The scores after
one year were improved and now normalized and not significantly different
from the values among the normal population (Table II in paper V page 8 ).
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Figure 10. The current health (Qu) one year after surgery compared with
preoperative condition rated by parents (5-15yrs) and youths (16-25 yrs).
The self-rated overall health on EQ VAS improved in both groups when
responses before surgery were compared with those one year after surgery
(p<.001); there were no differences between the groups (TE/TT). The correlation between EQ VAS and “general health” (SF-36) before surgery was
rs=0.49 (p<.001) and one year after surgery was rs=0.42 (p<.001).
Satisfaction with the surgery (III,V)
Paper III: After one year more parents in TE group were satisfied with
the surgery method. This was due to the three children in the TT group who
had suffered tonsillitis after surgery and consequently were not satisfied.
After 33 months there were no differences between the level of satisfaction
with the different methods. There was a positive correlation between general health and satisfaction after one year (rs=.62 p<.001) and after three
years (rs=.52 p<.001).
Paper V: Both older groups expressed overall satisfaction with the surgery regardless of the method used. No one in the TT-group rated themselves
to be “less satisfied”. There was a positive correlation between health and
“satisfaction” after one year (rs=.71 p<.001).
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DISCUSSION
Every year, a very large number of tonsil operations are performed over
the world. The operations are performed on children, teenagers, and young
adults who are bothered by enlarged palatine tonsils and recurrent throat
infections. Enlarged tonsils can cause a variety of symptoms, mostly in the
form of problems with swallowing and breathing. Usually, difficult breathing is more pronounced during the night and leads to sleep disturbance.
A tonsil operation can be performed in two distinctly different ways: The
surgeon can totally remove the tonsils, or instead reduce the volume of the
tonsils by removing only the enlarged parts. In my work as an anesthetist
nurse I have been present in the operation room during a large number
of tonsil operations of each kind. I also met many patients in the ward
after surgery. I noticed that the postoperative course could be quite different: children and young people who had been subjected to traditional total
removal of the palatine tonsils seemed to experience more postoperative
pain than those who had received a more conservative, volume reducing
operation. In addition to the two surgical methods, different technical instruments are used for tonsillar surgery. Is the surgical method of main importance for the postoperative pain experienced by patients? Can the choice
of technical instrumentation used for removal of tonsillar tissue also be of
importance? These questions comprised the primary motivation to start the
present work.
The present thesis demonstrates that TT with RF performed on selected
patients (Fig.2,3), is less painful and associated with considerable reduction
of morbidity compared to conventional TE.
HRQL and behavior
Preoperatively the participating children and youths with obstructive
problems combined with recurrent tonsillitis had a much lower HRQL with
negative impact on their behavior. In several studies upper airway obstruction and OSA have shown serious effects with disruption of school performance, and agressive behavior76,79,281. The disease itself is known to adversely affect HRQL.
One year after surgery both the TT and TE-groups showed the same
degree of improvement of scores on the CBCL, and the “total behavior”
score approached normal values. Some children still showed more “internalization” problems, but to a lesser extent. This is consistent with other
studies after TE44. However, this is the first study showing similar improve-
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ment after TT. After one year, the youths demonstrated great improvement
in HRQL, with transition toward normal values in all dimensions of the
SF–36, ranging from physical function to mental health.
The reduction of symptoms and the resulting improvement in HRQL are
important outcomes. The findings reported in this thesis confirm for the
first time that young adults with obstructivity and recurrent sore throats
do have an impaired health status as compared with the general population. Absence from school due to infection, sleep problems, and other health
problems promote a vicious circle with impairment of the working memory, attention, and mental flexibility resulting in learning problems43. Poor
scholastic performance affects many aspects of the patients’ life, including
their physical, emotional, social and psychological well-being. This not only
causes problems for the student, but also places a greater burden on parents
and the school system.
The pronounced and rapid improvement after surgery observed in the
present work suggests that the operation was the most important factor
in bringing about these improvements. It is important that primary care
physicians appreciate how patients experience the personal, domestic and
social impact of symptoms when judging the usual clinical aspects, and
when making a decision regarding referral for surgery. Even though a
recurrent sore throat is no life–threatening problem, it is associated with
considerable and prolonged morbidity that can be reduced by TE44,49,282 .
Our data clearly demonstrate the same improvement after TT.
Economic benefits
The economic benefits of TE for adult patients with chronic tonsillitis
have been studied previously. TE improves the HRQL and reduces the use
of antibiotics, the number of workdays missed, and the number of visits to
physicians. Owing to savings in health care, the overall costs for TE in an
adult is regained in approximately 2 years47,48,283,284.
Data from our TT-studies show a cost/benefit advantage for TT compared to TE, although we have not conducted a strict economical analysis thus
far: TT patients recover significantly more rapidly than TE patients, and the
need for pain medication is reduced. Almost all TT-operations can be performed as outpatient procedures. The incidence of complications is lower
for TT compared to TE. TE-patients require extra support, both in the form
of telephone contacts, extra visits due to pain and/or secondary postoperative bleeding. TT-patients return to school/work earlier, and the parents
take less time off work compared to TE. These factors are important when
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examining the cost-efficacy of TT for recurrent throat infections in adults
with tonsillar hypertrophy in comparison to TE.
Advantage with RF-surgery
Why is RF-tonsillotomy less painful? Why does it cause less bleeding
than conventional tonsillectomy? After TE, trauma to surrounding pharyngeal musculature with exposure of underlying nerve endings of the
glosspharyngeal and vagus nerves leads to significantly more postoperative
pain. The tissue damage is related to the mechanical trauma and the high
temperature caused by cautery. The muscles become inflamed, which can
lead to spasm. That is the source of intense pain, because every act of swallowing involves movement of the muscles142 . With the TT(intracapusular
procedure), the tonsil capsule and the bottom of the crypts are not damaged, the capsule with the remaining tonsillar lymphoid tissue serves as a
“biological dressing”, which prevents the development of an intense inflammatory reaction17,148,285-287.
Reducing damage to the surrounding tissue and thereby avoiding damage
to the autonomic nerve fibers will also cause less otalagia. This was confirmed in the present work, where less postoperative otalagia was experienced
in the TT-group. In a study comparing microdebrider technique in TT and
TE, there was a 100% correlation between otalagia and TE287.
It is important to avoid unnecessary pain after TT by the choice of
surgical instrument, since some instruments (such as the “hot knife”,
or laser resection) produce “lateral heat”, which also results in tissue
damage17,148,285,286. When using the “guillotine method” with no lateral heat
at all, it is easy to remove too much tissue due to retraction and “tenting” of
the tonsil. This can lead to damage of the tonsillar capsule, which involves
a risk for increased bleeding and pain.
Complications
Pain and hemorrhage are the most important potential complications
after TE. In the included studies, there were no secondary bleedings in the
younger group, but secondary bleeding occurred in four patients in the older TE-group (9%) and none after TT.
The surgeon may often be more concerned about perioperative bleeding
and “knife time”, but for the patient, pain is likely to be the most important
issue together with concerns regarding time off from school or work and the
time for return to normal activities. Therefore, choosing the best technique
involves a complex decision process.
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The volume of blood lost during surgery is usually small and the difference between TT and TE is only likely to be relevant when operating on
younger children in whom small volume losses may be significant. When the
techniques for tonsil surgery are compared, the technique most preferred is
often one where perioperative data show the least intraoperative blood loss
and the shortest “knife time”. However, blood loss measured in milliliters
is mostly small for both methods described here and this loss has scarcely
any influence on the patient’s blood circulation. Most of the time in the
operating theatre is devoted to induction and ending the anesthesia, so the
actual gain from a shorter surgical procedure is seldom of major importance.
Seemingly, these aspects are generally not taken into account when surgical
techniques are compared. The surgical equipment can be expensive (laser,
or RF equipment) and the learning curve can be long (coblation), which
also must be considered in an analysis of the cost effectiveness of a certain
method.
After TT, a re-growth of the tonsils might be expected, but the risk
seems to be low54. The rate of tonsillar re-growth for microdebrider
tonsillotomy (intracapsular) is estimated to be 0.5-3%151,288. In the present
thesis, no re-growth of tonsillar tissue was observed in the TT groups, neither
at the one-year, nor after the three-year follow-up. However re-growth of
adenoid tissue was noticed in a few cases. For our older study group where the
natural involution of the tonsils is to be expected, the risk for tonsil
re-growth might be still lower than for the younger children.
The risk for development of a peritonsillar abscess might prevail
following a partial procedure. In our TT-study group with 5 to 15 years old
children289, one peritonsillar abscess occurred after one year. However, the
same complication can occur following total TE as previously described54.
In the older TT-group, no episodes of peritonsillitis were seen after one year,
but further follow-up is needed in order to confirm that the finding will hold
true in a long-term perspective.
Upper respiratory infections
To suggest the use of TT for patients with a history of tonsillitis, may
seem provocative and up to this point, partial surgery has been performed
only for illness associated with tonsillar hypertrophy. The results from histological analyses of tonsils after TE suggest a possible relation between
recurrent infections and palatine tonsil hypertrophy290. Reichel et al. 291
performed a prospective evaluation of the differences in histological and
immunological findings in children with recurrent tonsillitis and tonsillar
hyperplasia. They found signs of acute and chronic inflammation, even in
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specimens from children with no history of recurrent tonsillitis. However,
they did not find any higher risk for development of peritonsillar abscesses,
or relapsing infections, after TT291. In fact, both TT and TE, as described
in the present work, demonstrated a large improvement with less infection
problems at the one- and three-years follow-up after surgery.
Breathing and sleep disorder
TT had similar beneficial effects on snoring and disturbed breathing
during sleep as TE, as evaluated by questionnaires and clinical examinations. No sleep studies were performed in these patients; this is accordance
with praxis in Sweden for “regular cases”. No sleep analysis is done when
the clinical findings are consistent with the case history of obstructive problems during sleep.
The reason why TT was as effective as TE in reducing snoring may be
due to the Bernoulli effect. The airway is normalized by reducing the volume
of the tonsils, with a consequent reduction of the negative pressure caused
by the Bernoulli effect. This will lead to less vibration of the soft tissues, or
to no vibrations at all, which means reduced or no snoring. A small amount
of tissue left in the tonsillar pouches as is the result in TT, may even help to
make the pharynx more stable.
Pain, anxiety, treatment and management
One important aim of this thesis was to study children and young people
in relation to tonsil surgery in order to improve the care of these patients.
The goal was to give the patients enrolled in the study the best possible “evidence based” treatment through information and pain management before
and after surgery. Was that treatment good enough?
Anxiety seems to reflect pain intensity: If children are in significant pain
they also report negative emotions. The children in this study were instructed to score the pain (FPS) by answering the question “How much does it
hurt you now”, and to answer the STAIC questions ”How do you feel right
now?” All the children from both TT and TE-group who experienced pain
≥ 3 also scored an increased level of anxiety. Postoperatively, the children
who underwent TE scored higher anxiety levels than children in the TTgroup. The results of this study were similar to other studies in that moderate to severe pain was associated with emotional distress and anxiety292 .
Other studies have shown a correlation between high levels of preoperative
anxiety and postoperative pain 293,294. However, this was not demonstrated
in the present work.
We found no correlation between preoperative anxiety and pain, nor did
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we see any relation between CBCL and experience of pain. One explanation may be that the children (and parents) had received good preoperative
preparation, which reduced the preoperative anxiety. Only a fraction of the
children were given any pharmacologic sedation. The TT-children rated less
anxiety postoperatively, probably because they did not experience pain or
discomfort to the same degree as the children in the TE-group. The hypothesis that children compared their earlier experience of pain in connection
with tonsillitis or previous surgery (“more than” or “less than”) with the
postoperative pain was not supported. The operation seemed to be a specific
event with its own specific subjective experience.
Most patients and parents (98%) were generally satisfied with the written
and verbal information regarding the importance of using adequate pain relief medication given at regulars intervals and the negative effects of undermedication (poor oral fluid intake, sleep disturbance, behavioral changes,
nausea and emesis). The impression was that the patients were not undermedicated. The telephone contact the day after discharge from hospital was
also of benefit in reinforcing and clarifying the importance of good pain
management.
Many of the children in the TT-group, had “no pain” or “mild pain”,
as indicated by pain scores of 0, 1 and 2. Children under age 10 generally
scored less pain than those who were older. In the TE-group, no age-related
experience of pain could be shown, but this group generally scored higher
on pain than did the TT-group. In another study the amount of pain reported was shown to be age related after TE-surgery159, which is consistent with
the present findings. It is possible that younger children might be easier to
distract from pain than are older children, and the effect of “non-pharmacologic” pain management can be considered for children, both younger
and older.
Symptoms of postoperative nausea and vomiting (PONV) are common
after tonsil surgery. One reason may be the use of opioid medication. In the
present work, the children who were given only one dose of morphine had
more PONV than children who were given more than one dose. PONV was
alsosignificantly related to the pain level, which is in agreement with other
studies89,201. Effective prevention from pain seems to be more important in
reducing PONV than avoidance of opioids. However, the low prevalence of
PONV is also related to the use of diclofenac, a drug that provides sufficient
pain relief for many patients.
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The combination of paracetamol and diclofenac for analgesia proved to
be sufficient for most children in the younger age group. However, in the
younger TE-group, 40% reached the score ≥3 some times during the first
six days. Therefore, the analgesia could not be regarded as optimal in this
group.
The older age group experienced more pain in both surgery groups than
did the younger children. Pediatric TE is said to be easier to perform than is
TE in adult patients because of less frequent preexisting inflammatory scar
formation along the tonsillar capsule. When present, the scarring can make
the blunt dissection more difficult, causing more tissue damage. Most of
the TE-youths had considerable pain the first week and the pain treatment
was not sufficient. Probably, they should have received opiates e.g. tramadol
from the very beginning.
Most parents did not under-medicate their child . Rather, they did not
exactly follow the instructions for reducing the dosages of the medication:
Some kept the diclofenac for a longer time than prescribed and instead
began to reduce the paracetamol. One explanation given by parents was
that the child preferred to take the diclofenac pills because they were
smaller, and parents also found that the onset effect of diclofenac was
quicker than for paracetamol.
Pain is the main reason for poor oral intake after tonsil surgery. Therefore, the parents and youths were instructed to administrate medication one
hour before meals. However, despite medication, the TE-group had lost significantly more weight after ten days than the TT-group. As a consequence
one can infer that the TE-group suffered more of pain at home than the
TT-group.
A regime with intake of analgesic at regular intervals118,295 was
followed but only a few children in the younger group received the maximum
doses of both paracetamol and diclophenac during the initial 24 hours in
hospital. This is in accordance with other studies, showing that children
were not given as much medication as was prescribed 292,295. The nurses
scored pain lower than the parents and children in the present study.
Even when scoring high pain, the nurses did not always follow the PRNordination of morphine. The reason may be misconceptions about opioid
tolerance and inappropriate anxiety regarding opioid side effects, such as
respiratory depression.
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Nurses have a unique role in pain management 292 . Results from other
studies indicate that nurses administer pain-relieving medication to children
according to how the child expresses the pain: If a child verbalizes his/her
pain as becoming more intense, the nurses give analgesics sooner than in
cases where a child silently withdraws in bed178,296. An increased “internalization” behavior can be one explanation for insufficient pain relief in children in the present work. That acute pain in children still is a problem, was
shown in a Swedish nationwide survey performed in 1996. The reason for
under-medication was regarded as organizational: There was a lack of clear,
written prescriptions, pain assessment routines, and knowledge297.
The golden standard for pain measurement is self-report: The patient’s
own description of his or her own sensations, and the personal interpretation of these feelings. The national study findings indicated that nurses were
generally under-treating the patients’ pain. The findings were similar in the
present work, as well as in other studies focusing on pain management after
tonsil surgery172 . Contrary to what they are accustomed to, in the present
work the nurses were instructed not to ask the child about the pain, but
to make their own judgement, which might have been more difficult and a
reason for under-medication. However, there is no obvious explanation as
to why they did not follow the standardized prescription.
In a recent Swedish study29 of which factors are associated with problem
behavior, TE was found specifically to have a negative impact on behavior
after surgery. A strong correlation was found between pain and problem
behavior. Pain experienced at home was the greatest risk factor. Similar to
many other studies100-105, the author suggests several different interventions
to overcome this problem. The first remedy would be to give the parents
the possibility of treating the pain pharmacologically by giving them detailed prescriptions and verbal and written information about effects and side
effects.
The timing of instruction is also important; it must be given prior to the
hospitalization. Parents need to be informed about pain signals and receive
instructions on the use of pain measurement using pain scales. This is the
procedure that was followed in the work included in the present thesis. Still,
some children displayed negative behavior changes during the week following surgery – twice as many TE-patients (n=6) compared with TT patients
(n=3). It is not possible to evaluate whether the outcome depended on the
surgery or on the hospitalization per se, due to the small sample size.
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Methodological considerations
168 of the original 264 randomized study-patients were operated on
(64%). That only 64% were operated is due to two interacting factors:
1) The randomization was done in accordance with the Zelen’s method269,270,
which means that patients were randomized before being contacted and asked if they were willing to participate in the study. 2) The younger patient
group had been on the waiting list for surgery more than a year, during
which time some of them had become free of infections/snoring resulting in
the exclusion of 24 patients. All subjects in the older patient group had been
waiting less than six months.

The number of patients who declined to participate without explanation
was quite high, 12 TE and 32 TT patients – the latter figure being 50% of
all dropouts. The fact that more patients “declined” the TT rather than the
TE alternative represents an inclusion bias. Since no analysis was done of
those who declined, we cannot exclude the possibility that subjects who had
been more severely affected by tonsillitis might have more likely to hesitate
when offered the option of a TT-operation. In the introductory letter, all
subjects were informed that TT usually causes less pain. The aim of the
study – to find out whether patients operated on with TT would be more
prone to tonsillitis after the operation than if they had had TE surgery – was
also explained in the letter.
After surgery, a “placebo effect” might have been present in the TT
group due to an expectation of “painless” tonsil surgery. Such a bias might
be present both for patient and parental ratings, as well as for the nurses
involved who, when making their evaluations, were aware of which surgical
procedure each patient had received. However, when patients were still in
the hospital, children, parents, and nurses scored the pain independently.
In order to avoid comparison, most of the TT and TE patients (80%) were
operated on different days and, when two patients happened to be operated
on with different methods on the same day, they were never placed in the
same room.

Clinical implications
The results reported in this thesis demonstrate clear advantages for
choosing TT over TE when performed to relieve recurrent tonsillitis in
combination with obstructive symptoms. From the viewpoint of health
economics, the cost is lower since TT-operations can be performed as outpatient procedures. There is less need and cost for analgesics, and fewer
complications with a resulting need for additional postoperative health care.
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Thus, the most important point is that the use of the TT-procedure is associated with considerably less postoperative morbidity for both children
and young adults, with a considerable socio-economic gain. On the average,
parents need to stay home with the child about three days less with TT as
compared with tonsillectomy, and the time off from school or work will
average four days less for young adults.

Suggestions for further research
The present plan for further research includes long-term follow-ups for
all patients enrolled in the studies included in the present thesis, with the
aim to monitor the recurrence of obstructive symptoms or/and throat infections after TE and TT.
Children with OSA and sleep disorder breathing have significantly poorer quality of life than healthy children. In Sweden, there is no translated
and validated instrument specifically designed to assess SDB for children.
Our plan is to validate the OSA-18 in a Swedish translation for SDB/OSA in
Swedish children before and after surgery. The OSA-18 (18-item) is divided
into five sections: assessing sleep disturbance, physical symptoms, emotional
distress, daytime function, and caregivers’ concern. Results from OSA-18
have already shown positive correlations to tonsil-size, the adenoid size and
also respiratory disturbance46,298. The OSA-18 is suitable for use in a wide
variety of situations for which patient-based measures of outcome are desirable. Hopefully, clinicians and researchers can use the OSA-18 to categorize the baseline impact of SDB on quality of life as ”small”, ”moderate” or
”large”, and to quantify changes in HRQL. The OSA-18 is the only survey
instrument that has been validated as both a discriminative measure of SDB
severity among individuals, and as an evaluative measure of longitudinal
change in SDB status. The survey is self-administered and easily completed
in about 5 minutes by most caregivers.
Another plan for future research is to validate the Glasgow Children’s
Benefit Inventory (GCBI)276 in the Swedish translation. which was used for
the first time in the present thesis and needs to be validated in a larger
group. The GCBI is a post-intervention health-related benefit measure and it
is eminently suitable for use in pediatric otolaryngology (see method section
in this thesis).
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CONCLUSIONS
• Children and young people with preoperative obstructive problems, in
combination with recurrent tonsillitis display a remarkably low HRQL
compared to normal values. The preoperative problems also have a
negative impact on behavior compared to normal values.
• Postoperative pain is not correlated with previous behavior of the child
(CBCL), with previous surgical experience or with tonsillitis. Only the
method of tonsil surgery is associated with the amount of postoperative
pain. TE yields a significantly higher pain level and a higher level of anxiety postoperatively than TT.
• Patients and parents reported high satisfication with verbal and written
information about pain management and analgesic treatment given before surgery as well as with the follow-up phone calls after surgery.
• The nurses judged pain to be of lower intensity than the parents/
children, and administered less than the prescribed levels of analgesics. For
effective application of up-to-date pain treatment and management
there is a need for improved education of all health personnel, including
physicians, nurses, assistant nurses etc, with regard to pain after tonsil
surgery, prevention of pain, and effect of analgesics.
• The combination of paracetamol and NSAID used for analgesia after
tonsil surgery is sufficient for most of the younger children. For an
older age group the combination is only sufficient in cases involving low
intensity pain. For the more severe pain that is experienced by
most patients after TE, more effective postoperative analgesia is
required, such as tramadol or other opiates.
• Both TT and TE yielded large improvements in HRQL, infections, and
obstructive and behavioral problems at the one-year follow-up. This
held true for both age groups and for the young age group at the threeyear follow-up. This indicates that both surgical methods are equally
effective.
• With its lower frequency of postoperative complications, less pain,
shorter recovery time and cost reduction, TT with radio
frequency technique is considered as the best surgical method. Further
follow-up is needed to confirm that these findings will hold over a longer
time span.
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SVENSK SAMMANFATTNING
Barns & ungdomars hälsa och välbefinnande
i samband med tonsilloperation
Elisabeth Ericsson,
Institutionen för nervsystem och rörelseorgan,
Avd för Otorhinolaryngologi, Hälsouniversitetet, Linköpings universitet

Halsmandlarna (tonsillerna) sitter på var sin sida i svalget i höjd med
tungans rot. Tonsillerna är en del av svalgets lymfvävnad som medverkar i
kroppens försvar mot infektioner. Ett mycket stort antal tonsilloperationer
utförs varje år över hela världen. Det gäller barn, tonåringar och vuxna
som har besvär av förstorade tonsiller och upprepade halsinfektioner. När
tonsillerna blir för stora kan de sitta i vägen och ge besvär, främst med
sväljning och andning. Andningsproblemen är mest påtagliga under natten och stör sömnen. En tonsilloperation kan genomföras på två principiellt olika sätt: Man kan avlägsna hela tonsillerna (tonsillektomi/TE),
eller enbart minska tonsillernas storlek (tonsillotomi/TT), genom att ta
bort det som blockerar och därigenom lämna kvar en del immunologiskt
aktiv vävnad.
Under mitt arbete som narkossköterska har jag medverkat vid många
operationer av båda slagen. Jag har blivit medveten om att förloppet efter
operationerna kan vara mycket olika. Barn och ungdomar tycks uppleva
mer smärta efter en TE, än efter en volymreducerande TT operation. Det
finns också olika tekniska utrustningar som används vid tonsilloperationer. Kan det främst vara valet av kirurgisk metod som har betydelse för
smärtan som upplevs efter operation? Ger vi tillräcklig information och
smärtlindring efter dessa operationer? Det var för att få svar på sådana
frågor, som det här arbetet startades.
Beteende och livskvalitet
Störd nattsömn leder till dagtrötthet med svårigheter att ”hänga med” i
skolarbete eller problem med att sköta arbete och ger negativ påverkan på
andra sociala aktiviteter. Barn kan på grund av sömnbrist och trötthet under en längre tid utveckla psykosociala och beteendemässiga problem från
att vara inåtvända, och hämmade till att vara hyperaktiva och ”stökiga”.
Upprepande halsinfektioner leder också till ett försämrat allmäntillstånd
med minskad ork och energi. Föräldrar störs också av barnens snarkningar med oro för andningsuppehåll och oro för sina barns och ungdomars
skolfrånvaro och därvid skolresultaten. Föräldrar påverkas också genom
den förlorade arbetsinkomst de får vid vård av sjukt barn.
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Flera studier har tidigare visat att TE förbättrar livskvalitet och beteende.
Det finns inte några tidigare studier om huruvida TT påverkar den hälsorelaterade livskvaliteten och beteendet i samma grad eftersom TT innan
detta arbete startade enbart hade gjorts på barn med förstorade halsmandlar utan några halsinfektioner i sjukhistorien.
TE och TT
TE medför en lång postoperativ konvalescensperiod på upp till 14 dagar
med smärtor och blödningsrisk. TT ger mindre besvär efter operationen än
TE, eftersom tonsillkapseln med många infiltrerade nervtrådar och blodkärl sparas. Metoden för TT kan variera men det är viktigt att använda en
teknik som samtidigt blodstillar. I denna avhandling har vi använt oss av
högfrekventa radiovågor som ger en lägre värmeverkan i operationsområdet
vilket minskar graden av vävnadssskador.
Smärta och oro
Smärta är en sensorisk och emotionell upplevelse. Smärta ökar kroppens
stressnivå vilket i sig försenar läkningsprocessen. Psykologiskt omhändertagande, inkluderande förberedelse och information är en mycket viktig del
för att minska obehaget av operationstillfället. Barnets personlighet, ålder,
utvecklingsstadium, tidigare erfarenheter och föräldrars oro är andra faktorer som antas påverka hur barn och ungdomar reagerar både före och efter
operation.
Smärtlindring
Paracetamol (ex Panodil, Alvedon) är stöttepelaren i medicineringen av
alla patienter som genomgår tonsilloperation, men ger inte tillräcklig smärtlindring som enda medicin. I kombination med ett icke-steroid-antiinflammatoriskt läkemedel (NSAID) ger det bättre smärtlindring. Användandet
av NSAID-preparat vid tonsillkirurgi är omdiskuterat med motiveringen
att preparaten kan öka blödningsbenägenheten. Flera litteraturstudier har
emellertid visat att så inte är fallet.

Syfte

Det övergripande syftet i denna avhandling var att studera barn och
ungdomar i samband med tonsilloperation. Syftet var att komma fram till
optimala förhållanden när det gäller omhändertagande samt att beskriva
och utvärdera den nya mer skonsamma TT metoden, i jämförelse med
sedvanlig TE.
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Deltagare

Avhandlingen består av fem delstudier. I dessa delstudier deltog två åldersgrupper med 92 barn 5-15 år gamla och 76 ungdomar i åldern 16-25
år. De som inkluderades i studien var redan uppsatta på väntelista för tonsillektomi på grund av tonsillförstoring som medfört obstruktiva besvär,
med eller utan halsinfektioner i sin sjukhistoria. Deltagarna lottades slumpmässigt till 49 TT-operationer och 43 TE-operationer (barn) respektive 32
TT-operarationer och 44 TE-operationer (ungdomar). Alla deltagare fick
samma information (åldersanpassad) och vid inskrivningen inför operationen, både skriftligt och muntligt om vad som skulle hända vid operationstillfället, hur smärtskattning skulle ske och hur smärtan skulle behandlas.
Smärtstillande mediciner som användes var paracetamol kombinerat med
NSAID (Diclofenac).

Resultat

Hälsa före operation
Innan operationen hade 65% av barnen haft antibiotikabehandlade halsinfektioner och 30% hade tidigare erfarenheter av olika operationer. Föräldrarna besvarade ett formulär om barnets ”grundbeteende”, Child Behavior
Checklist (CBCL). Barnen med obstruktionsbesvär hade mer beteende- och
emotionella problem totalt sett jämfört med en svensk normalpopulation,
företrädesvis problem avseende ängslan, oro, rädsla och tillbakadragenhet.
Barnen som visade sådana beteenden skattade också en högre grad av
oro/ängslan före operation på State-Trait Anxiety Inventory for Children
(STAIC).
Samtliga ungdomar utom en hade haft behandlade halsinfektioner före
operationen. Ungdomarna skattade hälsorelaterad livskvalitet (SF-36)
mycket lågt i både fysiska och psykiska dimensioner och betydligt lägre
hälsa jämfört med data från en svensk åldersanpassad befolkning.
Operationstillfället
Det var ingen skillnad mellan operationsmetoderna TT och TE när det
gällde anestesi och operationstid, men TT medförde mindre blödningsvolym under operationen än TE.
Hälsa och välbefinnande första tiden efter operation
Barnen skattade sin smärta på en skala med sju olika ritade ansiktsuttryck från ”ingen smärta” till ”svår smärta” (Face-Pain-scale, Biere).
Föräldrar, ungdomar och sjuksköterskor fick också skatta smärta men då
på en 7-gradig verbal skala. Barnen bedömde även sin oro/ängslan enligt
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STAIC efter operation. TE-barnen skattade högre oro efter operation än
TT-barnen. Alla barn som skattade smärta ≥ 3, dvs. medelsvår till värsta
tänkbara smärta, skattade också högre grad av oro än de som skattade lite
smärta. Det fanns ingen relation mellan barnets grundbeteende och smärta
efter TT/TE, inte heller något samband mellan tidigare halsinfektioner och
hur man upplevde smärtan efter operationen. Det var ingen skillnad mellan föräldrarnas och barnens smärtskattningar. Personalen skattade lägre
smärta än barnen och föräldrarna på sjukhuset, vilket kan ha medfört underbehandling med smärtstillande det första dygnet trots en stående ordination.
Den äldre åldersgruppens operationer gjordes både som dagkirurgi
och inneliggande (ett dygn), beroende på respektive sjukhus rutiner och
patienternas resväg. Fler patienter i TT-gruppen skrevs ut inom 8 timmar
efter operation än i TE-gruppen. Dagen efter hemkomsten från sjukhuset
kontaktades alla per telefon för att stämma av hur smärtlindringen fungeradeoch för att ge möjlighet att ställa frågor. Alla hade fått ett telefonnummer där de kunde få kontakt när som helst på dygnet vid behov. Denna
möjlighet brukades av över 50% av patienterna i TE-gruppen p.g.a. smärta,
svårighet att äta och blödning jämfört med 3% i TT-gruppen.
TT i båda åldersgrupperna gav betydligt mindre smärta, nedgång
av allmäntillståndet, lägre intag av smärtstillande medicin och tre dagar
(5-15 år) respektive fyra dagars (16-25 år) kortare postoperativ konvalescensperiod i hemmet, än efter traditionell TE. Kombinationen av paracetamol
och NSAID visade sig vara tillräcklig för de flesta TT/TE barnen och TTungdomarna, medan de äldre i TE-gruppen behövde komplettering med
opioid (tramadol).
Det gavs inga restriktioner vad gällde mat och dryck. Instruktionerna var
att ta smärtstillande medicin en timme före måltid och att försöka komma
igång med normal kost så fort som möjligt för att befrämja läkningsprocessen. Alla fick dagligen notera hur besvärligt det hade varit att äta. TT-gruppen kunde oftast äta normalkost dagen efter operation medan TE-gruppen
åt flytande och mjuk kost på grund av smärta i flera dagar. Patienterna i TEgruppen fick därför en betydande viktnedgång. De var också mycket mer
allmänt nedgångna än TT-gruppen vid återbesöket efter sju till nio dagar.
I den yngre åldersgruppen, varken för TT eller TE eller i den äldre TTgruppen, var det inte någon som fick en blödning veckan efter operationen. I den äldre TE-gruppen däremot var det fyra ungdomar som fick
uppsöka sjukhuset p.g.a. blödning sex-åtta dagar efter operationen. En av
dessa blödningar stoppades under narkos, de andra medicinbehandlades.
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I TE-gruppen klagade fler på smärta upp mot öronen än i TT-gruppen.
Läkningsprocessen var betydligt kortare för TT-gruppen och vid återbesöket vid dag 9, var 73% i TT-gruppen helt läkta medan endast 31% av
TE-gruppen.
Långtidsuppföljning av hälsa och livskvalitet efter operation
Ett år efter operationen kom barn och föräldrar på uppföljningsbesök
hos öronläkare och sköterska. CBCL och ett frågeformulär (Qu) om hälsa,
infektion , obstruktivitet och beteende besvarades. Tre år efter operationen
besvarades per post frågeformuläret (Qu) igen, samt ett livskvalitetformulär (Glasgow Children’s Benefit Inventory). Ett år efter operation besvarade
samtliga ungdomar per post frågeformuläret (Qu) samt SF-36. Tre TT och
två TE kom också på ett mottagningsbesök.
Resultaten visade att effekten på snarkning var densamma för TT och
TE och antalet infektioner var lågt för båda operationsmetoderna. Det förelåg inga skillnader i dessa resultat mellan åldersgrupperna.
Efter ett år var barnens grundbeteende förbättrat i samma grad hos båda
operationsgrupperna och det var inte längre någon skillnad mellan gruppernas skattning på CBCL jämfört med genomsnittsvärden från en svensk
population. Både TT och TE gruppen hade förbättrats i aptit, ork/energi,
koncentrationsförmåga och hade förbättrad hälsa både efter ett och efter
tre år.
En betydande förbättring hade skett av livskvaliteten hos ungdomarna
inom samtliga dimensioner vid mätning ett år efter operationen. Det var
ingen skillnad mellan TT/TE eller mellan grupperna och normaldata.

Slutsatser

Barn och ungdomar med obstruktiva halsproblem i kombination med
varierande antal halsinfektioner uppvisar oftare ett mer negativt grundbeteende och skattar sin hälsa lägre än jämnåriga i normalpopulation. Grundbeteende, tidigare erfarenheter av operationer och halsinfektioner påverkar
inte den postoperativa smärtupplevelsen utan det är enbart operationsmetoden som är det avgörande. TE är förknippat med mer oro och betydande
mer självskattad smärta än TT. Smärtbehandling med en kombination av
paracetamol och NSAID är tillräckligt för de flesta yngre barn men hos
ungdomar som TE-opereras behövs en komplettering med ett opiatpreparat.
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Resultaten visar att TT med RF-teknik är en säker och skonsam metod för tonsillkirurgi med mindre smärta och mindre nedgång av allmän
tillståndet. TE och TT har lika god effekt på snarkning, infektioner, beteende och livskvalitet. Genom att övergå till det mer skonsamma ingreppet
TT skulle det gå att åstadkomma en avgörande minskning vad gäller patienternas lidande, och en kortare frånvaro från skola och arbete, vilket skulle
leda till en samhällsekonomisk vinst. Eftersom TT kan utföras i dagkirurgi
får man också en sjukvårdsekonomisk vinst.
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APPENDIX
Questionnaire after tonsil surgery,Qu 1-2 (III,V)
All information that you submit will be handled confidentially, i.e. no names or personal data will be
presented in the study. No single person’s answers will be able to be identified at presentations of the
study
1. *
How do you think your child’s health is now (How do you perceive your health now)
compared to the time before the operation on the tonsils?
Much better Some what better About the same Somewhat worse Much worse
2.
How do you think your child’s temper is now (How do you perceive your temper now)¨
compared to before surgery?
Much better Some what better About the same Somewhat worse Much worse
3.
How do you think your child’s stamina/energy is (How do you perceive your
stamina/energy)compared to before surgery?
Much better Some what better About the same Somewhat worse Much worse
4.
How do you think your child’s (How do you perceive your) concentration is now
compared to before surgery?
Much better Some what better About the same Somewhat worse Much worse
5.
How do you think your child’s appetite is (How do you perceive your appetite)
compared to before surgery?
Much better Some what better About the same Somewhat worse Much worse
6. *
How often does your child (How often do you) snore now,
compared with before operation?
Never snores More seldom About the same Somewhat more often Much more often
*
7.
How loudly does your child (How loudly do you) snore now,
compared with before operation?
Does not snores Less loudly About the same Somewhat more loudly Much more
loudly
*
8.
How often has your child (How often have you) been affected by infections
within ear, nose and throat area, compared with before the operation?
No infections More seldom About the same Somewhat more often Much more often
How many of these infections have been treated with antibiotics?
9. *
Fill in a number:
10. * Which types of infections have been treated with antibiotics?
(For example, otitis, throat infection)_____
11. * How satisfied are you and your child (How satisfied are you)
with the results of the operation on the tonsils?
Very satisfied Satisfied Somewhat satisfied Less than satisfied Not satisfied at all
12. * If you have any comments to our questions,
about the operation or the time after the throat operation,
you are welcome to write them here and use the reverse side of the paper if you need to:
* Eight questions included in questionnaire, Qu2 (three years follow-up study III).
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