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ABSTRACT

Tonsillectomy is a commonly performed surgical procedure yet the evidence of the effect in patients with recurrent/chronic
throat infections is unsatisfactory. Great variations exist in the reported rates of postoperative haemorrhage and mortality.
The aims of this thesis were to investigate the effect of tonsillectomy for recurrent/chronic throat infections and determine
the rates and risk factors for secondary haemorrhage as well as the mortality rate in Sweden.

METHODS/RESULTS: Paper I, a retrospective cohort study based on data from the Western Swedish Health Care
Register (VEGA), compared the number of medical care visits for pharyngitis/tonsillitis in children and adults before (2
years), and after (3 years) tonsillectomy or no surgical treatment. The study showed a small significant reduction in medical
care visits after tonsillectomy compared to no surgical treatment, with a difference in the change in mean yearly rate of
-0.283 in children and -o.111 in adults. All patients had few visits in the follow-up years regardless of surgical intervention.
The effect of surgery was greater in children, in patients with higher number of medical care visits before surgery, and the
first year of follow-up. In paper 2, a retrospective cohort study based on data from the National Patient Register in Sweden
(NPR), the rates of readmission and reoperation for haemorrhage in Sweden (1987-2013) are described, as well as
longitudinal changes related to trends in tonsil surgery practice. The overall readmission rate for haemorrhage was 2.61%
and the reoperation rate was 0.84%. Readmission rates for haemorrhage increased significantly from 1.12% (1987) to 4.80%
in 2013 and the increase was most pronounced for adults who underwent tonsillectomy for infectious disease. Male gender,
increasing age, tonsillectomy and infectious indications were identified as independent risk factors for readmission and
reoperation for haemorrhage. In paper III, the mortality rate (1/41 236) after tonsil surgery in Sweden from 2004-2011 was
determined by matching the number of surgeries in the NPR with deaths within 30 days registered in the cause of death
register (CDR). In paper IV, a retrospective cohort study, registrations of surgical events and admissions for haemorrhage
were retrieved from the NPR and the National Tonsil Surgery Register in Sweden (NTSRS) 2009-2017, and subsequently
matched and merged to increase the coverage and completeness of registrations. The inter-rater reliability between the
registers in reporting admission for haemorrhage was determined (98.9% percent agreement and a Kappa value of 0.88).
The admission rate for haemorrhage was 4.2% in the NPR, 5.1% in the NTSRS and 4.5% in the merged cohort.
CONCLUSIONS: Tonsillectomy, in moderately or less affected children and adults, reduced the number of medical care
visits for throat infections compared to no surgery but the reduction was small and not clinically relevant. The readmission
rate for haemorrhage in Sweden increased from 1.12% (1987) to 4.80% in 2013 and have subsequently decreased (3.2% in
2017). Male gender, increasing age, tonsillectomy and infectious indications were identified as independent risk factors for
admission and reoperation for haemorrhage. The mortality rate in Sweden after tonsil surgery (2004-2011) was 1/41 236. The
NPR and the NTSRS showed close agreement in reporting of haemorrhage events and merging of data from the registers
improved coverage and completeness of surgical events as well as haemorrhage events.

KEYWORDS: Tonsillectomy, tonsillotomy, tonsillitis, pharyngitis, postoperative haemorrhage, mortality

ISBN:  978-91-7833-636-4  (PRINT), ISBN: 0978-91-7833-637-1  (E-PUB),  http://hdl.handle.net/2077/60816



Sammanfattning pa svenska

Tonsillektomi for aterkommande halsinfektioner 4r en vanlig operation 1 Sverige.
Evidensunderlaget for denna behandling ar begrinsat och bygger pa studier utforda pé fa patienter
och selekterade grupper. med ovanligt manga érliga infektioner. Vid all tonsillkirurgi finns risk for
komplikationer, och vanligast dr blodning. Rapporterade siffror for blodningsandel vid
tonsillkirurgi pa godartade indikationer varierar mellan 0-29%, och riskfaktorer for blédning har i
flera studier visats vara: hogre alder, operation pa mén, operation vid infektionsrelaterade tillstand,
tonsillektomi jamfort med tonsillotomi, och vid alla operationstekniker som tillfor varme till saret.
Blodning kan vara allvarligt och vara dodligt.

Syftet med denna avhandling &r att undersdka om tonsillektomi reducerar antal vardbesok for
halsinfektion samt i en nationell population &ver tid undersdka hur hog andel och vilka som bloder
efter operationen. Okad kunskap kring 6nskade och odnskade effekter vid tonsillkirurgi ger bittre
forutsdttningar for att vélja rétt patienter till operativ behandling, och ge patienter rétt information
infor beslut om operation.

Delarbete I dr en retrospektiv kohortstudie baserad pa data fran Vistra Gotalands varddatabas
(VEGA). Studien jamfor antal vardbesok for halsinfektion fore och efter tonsillektomi och jamfor
mot icke-opererade patienter. Studien som inkluderade 522 barn och 1122 vuxna i varje grupp,
visade signifikant lagre antal vardbesok for halsinfektion efter tonsillektomi jamfort med fore, och
j@mfort med icke opererade patienter. Man sag ddremot ocksa att alla patienter hade fa virdbesok i
uppfoljningstiden oavsett om operation utfordes eller inte. Effekten av kirurgi var storre hos
patienter med manga vardbesok innan operation, hos barn jaimfort med vuxna, och forsta
uppfoljningsaret jamfort med ar tvd och tre. Uppsummerad s& reducerade tonsillektomi antal
vardtillféllen for halsinfektioner, men skillnaden mot icke-opererade patienter var liten, och den
kliniska nyttan saledes tveksam.

Delarbete II, en retrospektiv kohortstudie, studerade aterinliggning for blodning efter
tonsillkirurgi i Sverige 1987-2013. Data fran Patientregistret (NPR) inkluderade 6ver 250 000
tonsilloperationer och visade att 2,61% av patienterna aterinlades for blddning inom 31 dagar efter
operationen och att 0,84% re-opererades for blodning. Longitudinella analyser visade att andelen
patienter aterinlagda for blodning 6kade frén 1,12% 1 1987 till 4,8% i 2013, och den 6kade mest for
vuxna och for de som tonsillektomerades for infektionsrelaterade besvdr. Manligt kon, hogre
alder, halsinfektioner som indikation och tonsillektomi som metod identifierades som oberoende
riskfaktorer for dterinldggning for blodning.

I Delarbete III studerades mortalitet vid tonsillkirurgi i Sverige. Tva dodsfall inom 30 dager efter
kirurgi blev identifierat av 82 527 operationer under perioden 2004-2011. Bada dodsfallen var barn,



under 5 ar, och dodsorsaken for bada var kvédvning till foljd av blodning. Den berdknade
mortalitetsrisken var 1/41 263 operationer.

Delarbete IV ér en jidmforelse av data avseende antal tonsilloperationer och oplanerad inldggning
for blodning efter operationen i Patientregistret (NPR) och det svenska kvalitetsregistret for
tonsilloperation (NTSRS). Data presenterades for olika kohorter: data fran respektive register,
data som finns i bada registren (matchade data), och data som finns i ndgon av registren (merged
data). Fran dessa kohorter kunde en mer komplett sammanstillning av antal operationer och
blodningstillfdllen skapas, och dven blodningsandel kalkyleras longitudinellt. Tdckningsgraden
(registrerade operationer) till NPR berdknades till 94,6%, och for NTSRS 75,4%. Andelen
patienter inlagda for blodning berdknades till 4,2% 1 NPR, 5,1% i NTSRS och 4,5% i den samlade
kohorten (merged data). Overensstimmelsen av blddningsandel mellan registren analyserades
med lineédr regressionsanalys, som visade nira korrelation for tonsillektomi som metod, men inte
for ovriga operationsmetoder. Overensstimmelsen mellan rapporterade blédningshindelser i bada
register var hog med observerad vérde 98,9% och berdknad Kappa virde 0,88.
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Introduction

1.1 A glance at history

The first description of surgery on the palatine tonsils dates back to
1000BC and the Hindu Sanskrit document Atharva-Veda.' During the 19™
century anaesthesia became available, the guillotine, head mirror and
mouth depressor was invented and the number of procedures increased
along with widened indications.> The indications for surgery were not
well defined in the early literature, but probably ranged from treatment of
recurrent or chronic infections and abscesses in the throat to prevention
of both focal infections and systemic disease related to streptococcal
infections in the pre-antibiotic era. The snare or the guillotine always
resulted in tonsillotomy leaving part of the tonsillar capsule intact. The
first published description of extracapsular dissection has been reported
to be by the British Surgeon Georg Waugh in the Lancet 1909, but there
are reports of earlier publications by Ballinger and Griffin in the US
(1906) and usage of the method by the Greek physician Taptas before
1903.34

It took almost 50 years for extracapsular tonsillectomy to be considered
the only correct way of performing tonsil surgery.” The shift from
tonsillotomy to tonsillectomy led to a transition from ambulatory to
inpatient surgery since the extracapsular dissection resulted in more
serious bleeding and pain and required general anaesthesia. The
introduction of antibiotics in the 1960s resulted in a large decline in the
number of surgeries performed. During the time period 1970-2000 an
increase in the number tonsillectomies performed for upper airway
obstruction was observed, and it is not clear whether this increase was
caused by a true increase in the prevalence of the disease or more likely a
higher awareness of the morbidity in this patient group.57 In the late 20"
century, different techniques based on electrodissection were introduced,
which added thermal energy to the surgical field to make dissection
easier and faster and decrease perioperative haemorrhage.*™ With higher
focus on effective utilization of health care resources and higher patient
turnover, outpatient surgery was again introduced and is now standard of
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care in many countries.”” ® At the beginning of the 2r1th century,
tonsillotomy was re-introduced as a valid and, in some countries, the
preferred surgical method for treating upper airway obstruction caused by
tonsillar and adenoid hypertrophy.> *

1.2 Applied anatomy

Figure 1 Hypertrophic tonsils removed by tonsillectomy

The palatine tonsils are paired collections of lymphoid tissue located in
the tonsillar fossa attached to the lateral pharyngeal wall between the
anterior and posterior tonsillar pillars, formed by the palatoglossal and
palatopharyngeal muscles. Histologically, they have a stratified
squamous epithelial lining with invaginations called crypts. The inside
consists of aggregates of lymphoid tissue distributed in a follicular
pattern and a stroma of connective tissue. The tonsils have both cell-
mediated and humoral immunological functions."”

The blood supply to the tonsils is mainly from branches of the external
carotid artery. The lower pole is supplied by the dorsal lingual branch of
the lingual artery and the ascending palatine and tonsillar arteries from
the facial artery (main supply). The upper pole receives branches from the
ascending pharyngeal artery and the descending palatine artery from the
maxillary artery.”"7 The internal carotid artery runs lateral to the tonsillar
fossa, with a variable described distance of between 6.0 and 28.6 mm in
children, depending on weight and age.”® The ICA can have branches in
the neck, and collaterals can exist between the ICA and ECA." Venous
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drainage occurs through the tonsillar and pharyngeal venous plexuses to
the lingual and pharyngeal veins into the internal jugular vein."” *°

The pathophysiology of bleeding after tonsil surgery are not clear.
Possible explanations are direct damage to arteries or branches during
tonsillar dissection, most likely at the inferior pole where both the facial
and lingual artery with branches may run close.’ Blunt or penetrating
trauma to a vessel may cause a periarterial haematoma that may expand
over time, become encapsulated and undergo necrosis, creating a space
where the vessel can dilate into a pseudoaneurysm. These weakened
vessel walls may later rupture and cause bleeding.” It is also suggested
that postoperative infection or enzymatic digestion of the healing wound
may cause secondary haemorrhage." **

1.3 Incidence rates and indications

Great variation is seen in tonsillectomy rates across countries. Van den
Akker et al. reported rates varying between 19 (Canada) and 118 (Ireland)
per 10 000 children and between 19 (Canada) and 76 (Finland) per 10 0oo
adolescents in 1998. Windfuhr presented rates derived from an OECD
database, ranging from 2.3 (Mexico 2013) to 25.4 (USA 2006) per 10 000
inhabitants of all ages.** In Germany, regional differences in the
prevalence of tonsillectomy in children and adolescents between states
varied by a factor of 3, and tonsillectomy rates have decreased from 2007,
while tonsillotomy rates increased.* In Sweden, an increase in the
incidence rate of tonsil surgeries for patients < 18 years has been
reported, from 22/10 000 person years in 1987 to 47/10 000 person years in
2013.” This increase was explained by a nearly fourfold increase in
procedures performed for upper airway obstruction from 1987 to 2013,
and the proportion of tonsillotomy-based procedures out of all tonsil
surgeries increased from 11.2% in 2006 to 55.1% in 2013. In conclusion,
we have an ongoing paradigm shift since the beginning of the 21st
century in many countries, with an increasing proportion of patients
being operated with (adeno)tonsillotomy for upper airway obstruction at
the expense of tonsillectomy for recurrent/chronic tonsillitis.?* 7
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Table 1

Indications for tonsillectomy.” - Evidence-based I:IN()t evidence-based B some evidence

Group | - Infectious di

Group IV - Atopies

Recurrent tonsillitis

Peritonsillar abscess

Infectious mononucleosis
Vincent angina

Sinusitis

Bronchitis/Cough

Chronic otitis media with effusion

Group Il — Upper airway obstruction

Bronchial asthma
Allergic rhinitis
Atopy

Group V - Non-classifiable indications

Tonsillar hypertrophy

Malocclusion, palatal cleft

Snoring Halitosis
OSAS Haemorrhagic tonsillitis
Rhinolalia Growth retardation
Nocturnal enuresis
Group lll — Focal and systemic diseases | Group VI — Special diseases

IgA nephropathy
Arthropathy (recurrent rheumatic fever)
Dermatoses (psoriasis)

Down syndrome
Sickle cell anaemia
Cerebral palsy

Intestinal diseases (IBD, celiac disease)
Cardiac disease
PFAFA

The indications considered adequate for tonsil surgery today are usually
divided into infectious diseases and upper airway obstructions. However,
a variety of different indications have been described in the literature, as
pointed out by the systematic review by Windfuhr published 2016.%® This
review describes the current status of the level of evidence for
performing tonsillectomy for various indications and concludes that the
only indication with a high level of evidence for tonsillectomy is sleep
disordered breathing caused by upper airway obstruction. Further
research is necessary to clarify the role of surgery in patients with
psoriasis, IgA nephropathy, PFAFA and most importantly in patients
with recurrent episodes of tonsillitis, with or without pharyngitis. For
peritonsillar abscess, tonsillectomy seems justified only in patients with
recurrent episodes or a significant history of tonsillitis.
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Upper Airway obstruction

Sleep-disordered breathing (SDB) in children is characterized by a broad
spectrum of symptoms, ranging from snoring and partial airway
obstruction to obstructive sleep apnoea syndrome with disruption of
normal ventilation and sleep patterns. The prevalence of SDB in children
is reported to be 4-11%, while OSAS is less common, 1.2%-5.7%.%
Untreated SDB may result in cognitive challenges including learning and
memory deficits, delayed language development, hampered executive
functions, behavioural alterations and lower school performance.® *'
Nocturnal polysomnography (PSG) is considered the gold standard for
the diagnosis of OSAS, but less comprehensive screening tests, such as
nocturnal oximetry or ambulatory PSG, can be helpful. The sensitivity
and specificity of a clinical evaluation and the use of the patient history
for the diagnosis of OSAS in children has been shown to be
unsatisfactory in several studies.*® An AHI index >5 has been used as a
cut off to recommend tonsillectomy in children, but lower limits have
also been suggested, as AHI>1.5 is considered statistically abnormal in
children.*® ** According to the European Respiratory Society (ERS), a
clinical suspicion of SDB in combination with SDB-related morbidity
should be considered an indication for surgery if PSG is not available.*
SDB is more prevalent in children with sickle cell disease (SCD), and
hypoxia promotes erythrocyte sickling and may worsen the morbidity
with the disease. Adenotonsillectomy is most often indicated for children
with SDB and SCD.*

In adults, tonsillectomy or tonsillotomy + uvulopalatopharyngoplasty is a
treatment option for OSAS, in selected patients.?*3

Recurrent or chronic throat infections

The most common indication for tonsillectomy has historically been
recurrent acute tonsillitis or chronic tonsillitis. These terms are often used
in combination and interchangeably, and no consensus exists regarding
whether they comprise different pathophysiological entities. The
definition of recurrent tonsillitis is clinically intuitive once a clear
definition of an episode of tonsillitis is present. Acute tonsillitis is an
infection in the tonsillar tissue caused by a virus (DNA double/single
stranded or RNA singled stranded) or bacteria, most often group A beta-
haemolytic streptococci (GABHS).3* Chronic tonsillitis is often defined
as symptoms of tonsillitis lasting longer than 3 months’’; however, no
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clinical or paraclinical tests exist to make this diagnosis, and some
authors deny that chronic tonsillitis constitute an independent medical
condition.®® Ironically, in the ICD10 coding system, a unique code exists
for chronic tonsillitis (J350) but not for recurrent acute tonsillitis.

Differentiating between tonsillitis and pharyngitis in the clinical setting
can be difficult or impossible; hence, the term throat infection is often
used to cover both tonsillitis and pharyngitis.’’

Most national guidelines rely on the criteria first proposed by Paradise et
al. to determine if tonsillectomy is indicated for recurrent throat
infections and for defining an episode of acute throat infection.* 3%

Table 2
The Paradise criteria for tonsillectomy™

Number of episodes with tonsillitis >7 episodes during the last year
>5 episodes yearly in the last 2 years
>3 episodes yearly in the last 3 years
Definition of an episode Sore throat + minimum 1 additional criterion
e  Temperature >38.3C
. Cervical lymphadenopathy
e  Tonsillar exudates
. Confirmed B-haemolytic

Streptococcus group A

The Paradise criteria are stringent, and some countries have lowered the
requirements for the number of episodes needed to qualify for
tonsillectomy.?® In Sweden the guidelines for surgical treatment of
recurrent tonsillitis are presented in table 3.
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Table 3
The Swedish guidelines for tonsillectomy (for infectious disease)”

Major criteria Minor Criteria
. Sore throat caused by tonsillitis . >3-4 episodes of

tonsillitis within 12-24

months
. Sore throat symptoms severe enough to . Recurrent fever in
affect daily activities children without known
focus
. Epidemiological investigation performed . Systemic disease
and failure of medical treatment with worsened by tonsillitis

antibiotics

To qualify for tonsillectomy all major + 1 minor criterion needs to be fulfilled.

1.4 Surgical methods and techniques

The surgical method of tonsillectomy involves dissection in the capsular
plane of the tonsils and is defined as a total removal of all tonsillar tissue
with the capsule, leaving the pharyngeal constrictor muscle to heal by
secondary intention. Tonsillotomy is the removal of tonsillar tissue in the
subcapsular plane and can be referred to by the synonyms subcapsular
tonsillectomy or partial tonsillectomy.* A variable amount of tonsillar
tissue is removed, often the obstructive segment medial to the faucial
pillars, leaving at least a rim of tonsillar tissue in the tonsillar fossa to
protect the surrounding tissue. * Both procedures can be performed in
combination with adenoidectomy, removal of the lymphoid tissue within
the mucous membrane of the roof and posterior wall of the
nasopharynx."

Tonsillectomy has been the method of choice regardless of indication for
several decades but is increasingly being replaced (from 2006-2007) in
several European countries by tonsillotomy for upper airway obstruction
in children.** > *7 4 Tonsillotomy has shown comparable symptom relief
and lower rates of postoperative haemorrhage and pain.* 444

Several different techniques are available for dissecting the tonsils.
Techniques are usually divided into cold and warm, based on whether
thermal energy is delivered to the surgical field to aid with dissection or
haemostasis. The gold standard, often used as reference when comparing
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haemorrhage rates between surgical techniques, is the cold steel
technique for dissection and haemostasis, and if necessary, surgical ties
are used to ligate bleeding vessels.*® Warm techniques can provide better
control of bleeding perioperatively and reduce operating time, whereas
several studies have shown that cold techniques result in lower rates of
secondary postoperative bleeding and pain.*#* A dose-response effect
between the amount of thermal energy delivered and the risk of collateral
tissue injury and necrosis leading to secondary haemorrhage seems
plausible 464

Table 4
Surgical techniques used for tonsillectomy/tonsillotomy in Sweden 2013-2015 (n=33 870).”’ Data
from the National Tonsil Surgery Register in Sweden

Dissection Haemostasis
Cold steel 41.0%  Compression with packs only 24.1%
Radiofrequency 38.0% Injection with epinephrine 3.4%
Diathermy scissors 14.3%  Unipolar diathermy 2.4%
Ultracision 1.0% Bipolar diathermy 44.8%
Other techniques 2.0% Ties 0.6%
Multiple techniques 3.7% Suture ligature 0.4%
Radiofrequency 5.3%
Other technique 5.3%
Multiple techniques 13.7%

In Sweden cold steel dissection (69.1/74.3%) combined with compression
and bipolar diathermy (56.2/47.9%) for haemostasis is the most
commonly used technique for tonsillectomy/adenotonsillectomy, while
radiofrequency (85.5/77.7%) in combination with compression and
bipolar diathermy (40.0/32.4%) is the most frequently used technique for
tonsillotomy/adenotonsillotomy.>

1.5 The effect of surgery

Estimating the effect of tonsil surgery can be done with different
measures depending on the indication for surgery.

Tonsillectomy/tonsillotomy for upper airway obstruction
In children with sleep-related breathing disorders (SDB) or obstructive
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sleep apnoea syndrome (OSAS) a reduction of the AHI to <1, as
measured by PSG before/after surgery, is often considered to be the
definition of a successful intervention. Alternative measures of effect are
patient satisfactory scores and quality of life evaluations. Friedman et al.
found a success-rate of approximately 60% (reducing AHI to <1) with
adenotonsillectomy (TEA) in paediatric patients in their meta-analysis
from 2009, while other studies have reported higher cure rates* > 3
Several studies have shown comparable success rates for tonsillectomy
and tonsillotomy with regard to the reduction in the AHI index, patient
satisfactory scores and quality-of-life end points.#' >

In adults, simple tonsillectomy can be relevant and successful in
decreasing the AHI index, but the effect seems to be highly dependent on
patient selection (higher chance of success with normal weight and large
tonsils).>3 3

Tonsillectomy for recurrent/chronic tonsillitis

The effect of tonsillectomy for recurrent acute tonsillitis is often
measured by the ability to reduce the number and/or severity of episodes
of throat infection or days with sore throat. The most comprehensive
meta-analysis to date, published by Burton et al. in 2014, concluded that
(adeno)tonsillectomy reduces the number of episodes with sore throat in
children, but the effect is only seen during the first year after surgery and
is of a modest size.’” Severely affected children seem to benefit more
from the procedure. Insufficient data were available to draw firm
conclusions on the effect in adults. The updated clinical guideline for
tonsillectomy in children developed by the American Academy of
Otolaryngology — Head and Neck Surgery Foundation published 2019
makes a strong recommendation for watchful waiting in children not
fulfilling the Paradise criteria, since mno clinically meaningful
improvements are shown in patients less affected.” Windfuhr et al.
emphasized, in another systematic review from 2016, that the role of
tonsillectomy for treating recurrent throat infections is unclear.?® The
evidence for the effect of surgery in reducing episodes of throat infection
lean heavily on the randomized controlled trials in children by Paradise et
al. 1984% and 2002%, Van Staiij et al. 2004 and Lock et al. 2010%. Only
two RCTs, Alho et al.* and Koskenkorva et al.”’, have investigated the
effect in adults.
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It is not obvious that the effect measures presented above are the only
way to evaluate the outcomes of surgery. Reported patient satisfactory
scores are generally high; according to the National Tonsil Surgery
Register in Sweden (NTSRS) 77% of patients reported that their
symptoms were gone after tonsillectomy for recurrent tonsillitis, while
06.9% reported that their symptoms were gone or almost gone (1997-
2008).%" Other studies have reported improvement in both disease-specific
and global quality of life, for children and adults, after tonsillectomy in
this setting.** %4

1.6 Complications

Pain, dehydration, postoperative nausea and vomiting, delayed feeding
and postoperative haemorrhage are the most common complications of
tonsil surgery.® % % Rare complications ranging from permanent
dysphagia, taste disturbance, direct carotid artery damage,
atlantooccipital luxation and death are described in the literature.®7*
Revisits to medical care facilities or readmissions for complications are
not uncommon.”

Table 5

Reported complications of tonsil surgery”

Common Rare

Throat pain Hypoxia or desaturation
Dehydration/fatigue Taste disturbance
Haemorrhage Pneumonitis or pneumonia
Fever Purulent neck infection
Nausea/vomiting Internal carotid injury

Delayed feeding Internal Jugular vein thrombosis
Infection (tonsillar bed) Respiratory failure

Atlantoaxial subluxation

Velopharyngeal insufficiency

Damage to the Temporomandibular joint
Injury to the lip, teeth, uvula, tongue
Tonsillar remnants req. revision surgery
Dysphonia

Blood transfusion

Death
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Postoperative pain

Tonsillectomy is described as one of the most painful minor surgical
interventions across all surgical specialties and seems to be particularly
unpleasant for adults.” ° A recent German study found female gender,
age<20 years, a lack of specific pain counselling, preoperative chronic
pain, and opioid administration in the recovery room to be independent
predictors of higher experiences of postoperative pain.”® Pain was
greatest for patients 18-20 years of age. The same study suggested that
many patients do not receive adequate pain management after
tonsillectomy. Most patients experience decreasing pain after the third
postoperative day, but different pain courses have been described in the
postoperative period.”” There is evidence for greater pain after the use of
diathermy compared to cold dissection, and lesser pain after tonsillotomy
compared to tonsillectomy.* ™ Cardozo et al. reported on a dose-response
relationship between the amount of applied diathermy energy
intraoperatively and postoperative pain.” Different regimens for pain
control are in use; most consist of paracetamol in combination with
NSAIDs, codeine, tramadol or morphine/oxycodon.® * Ericsson et al.
have previously published Swedish guidelines for the treatment of pain
after tonsil surgery in children, and recommend paracetamol in
combination with NSAIDs and if needed, clonidine in favour of
morphine, to avoid respiratory side effects.®> Codeine is not advisable in
children due to unreliable metabolism. 2

Postoperative haemorrhage

The most common and potential serious complication of tonsil surgery is
haemorrhage. Definitions of haemorrhage range from anamnestically
recorded blood-tinged sputum to haemodynamic failure from massive
bleeding or asphyxia due to blood in the airway.*® Postoperative
haemorrhage is divided into primary (before discharge or within 24
hours) and secondary haemorrhage (after discharge or after 24 hours).”> %4
%5 The rates of readmission, revisit to the hospital or reoperation to secure
haemostasis are measures often used to report the risk of haemorrhage.”
83 8 86 Accordingly, in papers II and IV of this thesis, secondary
haemorrhage is defined as admission/readmission for haemorrhage.
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Table 6

Reported haemorrhage rates after tonsillectomy (+/- adenoidectomy)

Year Primary Secondary Overall
Author (publ.)  Country haemorrhage haemorrhage haemorrhage
Bhattacharyya 2001 USA 0.7% 4.4% 5.1%
etal.®”
Windfuhr8 2005 Germany 2.86%"
Lowe et al.8® 2007 England, 0.6% 3.0% 3.5%

N. Ireland

Walker et al.®® 2007 Australia 0.4% 4.6% 5.0%
Kvaerner KJ® 2009 Norway 0.5%
Tomkinson et 2010 Wales 0.9% 2.6% 3.5%
al.®
Sarny et al.® 2011 Austria 15%
Tolska et al.®! 2013 Finland 1.3% 13.2% 14.5%
Ikoma et al.%? 2014 Japan 1.6 10.0 11.6%
Seshamani®® 2014 USA 6.37%
Séderman et 2015 Sweden 3.2% 9.4% 12.6%
al.®®
Windfuhr?* 2016 Germany 5.98%

*Including children operated with only adenoidectomy

Reported rates of postoperative haemorrhage varies between 0-29.1% in
the literature.”> This most likely reflects not only discrepancies in
definitions of haemorrhage and study designs, but also true differences
related to variations in surgical populations regarding risk factors for
haemorrhage.

Ideally studies on postoperative haemorrhage should describe both the
frequency and severity of the bleedings. Sarny et al. have published one
of the most comprehensive classification of haemorrhage events after
tonsil surgery in Austria, with frequencies, day of onset, severity with 7
categories ranging from patient-reported blood-tinged sputum to death
caused by bleeding, and information on risk factors for haemorrhage.® %
Several other publications as well have addressed risk factors for
postoperative haemorrhage after tonsillectomy.47-49 78 929596
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Table 7

Risk factors for postoperative haemorrhage

Patient factors Surgical factors
Male gender Infectious indication”
Increasing age Tonsillectomy > tonsillotomy

Warm technics for dissection
Warm technics for haemostasis

Experience of the surgeon”

* Discrepancy between studies

Patient factors

Several independent studies have found a higher risk of postoperative
haemorrhage in males compared to females and increasing risk with age.
Tombkinson et al. reported an adjusted OR of 1.9 for return to theatre due
to bleeding in males, and an OR of 1.5 and 3.3 in patients older than 12
years, for primary and secondary haemorrhage respectively.® Lowe et al.
presented a risk model for post-tonsillectomy haemorrhage (PTH) based
on data from the national prospective tonsillectomy audit in England,
showing a lower risk of haemorrhage in females (adjusted OR 0.82) and
a higher risk with increasing age (adjusted OR 1.02 per year).*® Data from
Sweden on readmissions for haemorrhage after tonsil surgery (all
methods) from 2013-2015 found rates of 5.3% in males, and 5.0% in
females; 2.7% in patients <18 years and 11.5% in patients > 18 years.*
However, these data were unadjusted for other risk factors for
haemorrhage. No definite explanation for the influence of age and gender
on the risk of haemorrhage has been presented.

Use of NSAID to treat postoperative pain has been suggested to increase
the risk of both primary and secondary haemorrhage. Riggin et al., found
no significantly increased risk of haemorrhage after administration of
NSAID in a large systematic review published 2013.%

A systematic review from 2017 found no difference in post tonsillectomy
haemorrhage rates (PTH) following paediatric tonsil surgery in children
on a restricted diet after surgery compared to children on unrestricted
diets.*®

INTRODUCTION 13



Surgical factors

The indication for surgery, surgical method, surgical technique and
experience of the surgeon could theoretically influence the risk of
haemorrhage and there are studies confirming that these variables matter;
to what extent, however, is a debate that is still ongoing. Lowe et al.
showed higher rates of postoperative haemorrhage in patients undergoing
surgery for recurrent/chronic tonsillitis and peritonsillar abscess
compared to patients being operated for upper airway obstruction.®
Sarny et al. however found no difference in the risk of haemorrhage
related to indications, but tonsillectomy for recurrent tonsillitis was
associated with a higher risk of serious bleeding.®> A large retrospective
study from Sweden failed to show any influence of indication on the risk
of primary haemorrhage.”

Introducing thermal energy to the operating field increase the risk of
secondary haemorrhage, according to most studies. Sarny et al.,
Tomkinson et al. and Lowe et al. all reported significantly higher
haemorrhage rates with all warm techniques compared to cold steel
techniques.* ® % In Sweden a large retrospective study by Soderman et
al. came to the same conclusion.#®

Tonsillotomy bleeds less than tonsillectomy; a recent systematic review
by Zhang et al. found a 79% lower odds of secondary haemorrhage after
tonsillotomy compared to tonsillectomy.* In Sweden, Odhagen et al.
observed a higher odds of readmission for haemorrhage after
tonsillectomy compared to tonsillectomy (Adjusted OR 3.91).

No consensus has been reached as to whether the experience of the
operating surgeon influences the risk of haemorrhage. Tomkinson et al.
found a higher risk of reoperation for primary haemorrhage when the
surgeon was a junior trainee, but found no difference with regards to
secondary haemorrhage risk.* Lowe et al. found no significant difference
in haemorrhage rates related to the grade of the surgeon, while Sarny et
al. found lower haemorrhage rates in operations performed by surgeons
undergoing training (registrars).®
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Aims

The overall aim of this thesis was to investigate whether tonsillectomy is
an effective treatment for throat infections and determine the rate of
secondary haemorrhage and mortality after tonsil surgery, as well risk
factors for bleeding. This will form the basis for a risk-benefit discussion
of the relevancy of tonsillectomy for recurrent throat infections.

Paper |

To investigate whether tonsillectomy reduces the number of medical care
visits for pharyngitis and tonsillitis in children and adults.

Paper lI

To determine the readmission and reoperation rates after tonsil surgery in
a national population over time and identify risk factors for haemorrhage.

Paper llI

To identify the mortality rate after tonsil surgery and causes of death.

Paper IV

To determine the inter-rater reliability (agreement) between two medical
care registers in reporting admission for haemorrhage. To describe a
method of combining data from two registers to improve coverage and
completeness of surgeries and haemorrhage events available for
calculating the rate of secondary haemorrhage.
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Patients and methods

3.1 Study design — level of evidence

The studies included in this thesis are based on data retrieved from
medical registers and are best described as retrospective cohort studies.
The defining characteristics of cohort studies is the tracking of patients
forward in time from exposure to outcome, in a prospective or
retrospective manner." Historically, well-designed retrospective cohort
studies have been defined as evidence grade III depending on the
preferred classification system and the nature of the problem being
investigated.'” The chosen study design is appropriate when studying
complications of an intervention (papers II, IV) and when evaluating rare
events (paper III)."* Single randomized -clinical trials are often
underpowered to adequately address adverse effects, and the reporting of
relative risks of harm caused by medical or surgical interventions are
found to be comparable between randomized and non-randomized
studies.' Observational studies, in general, are often more informative in
describing what is achieved in daily medical practice outside a controlled
research environment.> We have strived to transparently report all
results in papers I-IV in accordance with the well-recognized STROBE
statement."*

Randomised controlled trials (RCTs) are the preferred study design when
investigating the beneficial effect of a medical or surgical treatment
because they address confounding by indication and selection bias.™
RCTs with the aim of investigating the effect of tonsillectomy for
recurrent/chronic throat infections have been conducted, but they are few,
and they are limited by small sample sizes, heterogeneity in design, a
high degree of crossover or short follow-up. No retrospective cohort
study has previously been performed comparing the effect of
tonsillectomy with expectancy in a matched control group (I). To design
and conduct RCTs to investigate the effect of an already well-established
surgical method is challenging for ethical and practical reasons. Tonsil
surgery has been performed for over 3000 years, and no systematic
approach was undertaken to ensure the appropriateness or safety of the
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procedure when it was new. Until recently, no applicable system for such
evaluations existed. In 2009, the IDEAL framework was presented in the
Lancet with the aim of assisting in the assessment of new surgical
procedures.'” The vital importance of medical registers or databases in
this assessment was emphasized in an updated version published 2018."°
Pilot studies followed by RCTs are still considered the best way to
address the outcomes and adverse effects of new surgical procedures, but
evaluating trends in indications and outcomes and identifying rare events
and later outcomes is best achieved through medical registers."

All data in the papers included in this thesis are derived from Swedish
medical registers.

3.2 Utilized Swedish medical registers

The National Patient Register (NPR)

The NPR provides statistics on diseases and treatments in Swedish
specialized healthcare and is currently administered by the National
Board of Health and Welfare (NBHW), a government agency under the
jurisdiction of the Ministry of Health and Welfare. The NPR started as a
hospital discharge register in 1964. In the beginning, only psychiatric care
from a few counties was included. In 1983, approximately 85% of somatic
inpatient care nationwide was estimated to be included, and the register is
considered to be complete for all inpatient care since 1987."7 In 1997,
surgical day care procedures were included, and from 2001, reporting of
hospital-based outpatient procedures was mandatory. The register is
considered to currently (2011) cover close to 80% of hospital-based
outpatient care.”” The coverage of private caregivers is uncertain despite
reporting being mandatory by law. Primary care is not systematically
reported to the register. The NPR contains patient-related data, including
the unique personal identity number, medical data on diseases and
procedures as well as administrative data on admission, discharge, level
of care and healthcare provider. The coding of diseases and medical
conditions are currently based on a Swedish version of the ICD-10 coding
system and, historically, on the prior versions, ICD-9, ICD-8 and ICD-7.
Procedures are coded according to the NOMESCO codes for surgical
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procedures. In the validation of the inpatient section of the register
conducted by Ludvigsson et al. 2011, high PPVs (85-95%) for the
evaluated diagnoses were found."’

The National Tonsil Surgery Register in Sweden (NTSRS)

The NTSRS was founded in 1997 by the Swedish Association of
Otorhinolaryngology Head and Neck Surgery (SFOHH) with the
ambition to improve ENT care in Sweden. The register is administered by
a steering committee of academically and clinically active ENT
consultants on behalf of the SFOHH and is funded by the Swedish
Association of Local Authorities and Regions (SKL). The register was
revised in 2009 with the addition of new items on surgical technique and
patient-related outcome measures and currently contains approximately
50 variables for each patient and over 100 000 surgeries since the 2009-
revision.

Data retrieval in the register are based on questionnaires, with the
operating surgeons and the patients as respondents.” In summary, the
surgeons report on details of the surgical procedure, indications and
primary haemorrhage, while the patients report on admission for
haemorrhage (secondary haemorrhage), postoperative infection, pain and
symptom relief. A summary of the data-collection is shown in table 8 and
all three questionnaires are provided in the appendix.

The steering committee has published several yearly reports based on
statistics from the register and initiated improvement programmes in
individual clinics to reduce the rates of postoperative haemorrhage."*™"
Several studies based on data from the register have been published
within the last 10 years 2 42 44 48 50 6199 1214 A | participating surgical units
have access to their own data and the opportunity to compare outcomes
with other clinics and national numbers.
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Table 8
A summary of data collection in the National Tonsil Surgery Register in Sweden (NTSRS)

Questionnaires  Respondent Variables

Day of surgery  Surgeons Age, gender, main indication, surgical method,
surgical technique for dissection, surgical technique
for haemostasis, type of operation (primary or
reoperation), level of care (outpatient or inpatient),
primary haemorrhage (including intervention).

30 days Patients/ Contact to health care facility due to haemorrhage
caregiver (including number of days since surgery), admission

due to haemorrhage (including name of hospital),
reoperation due to haemorrhage, infection after
surgery (including information on which infection),
contact with health care facility due to infection,
contact with health care facility due to pain, days
with use of analgesics, question about received
information with regards to the surgical experience
(if not corresponding, what differed?), question
about access to the webpage
(www.tonsilloperation.se).

6 months Patients/ Question about symptom relief:
caregiver - My symptoms are gone
My symptoms have improved
My symptoms are unchanged
My symptoms have worsened
Question about other new complaints after surgery.

The Western Swedish Health Care Register (VEGA)

VEGA is a medical database containing information on all medical care
provided in the Viéstra Gdotaland region in Sweden and currently covers
1.6 million inhabitants. This database was created to ease the surveillance
of requested and provided medical care in the region. The register
includes information from both private and public caregivers, within
primary care and specialized inpatient and outpatient care. Reporting to
the register is a prerequisite for reimbursement from the regional health
care authorities, and hence, the coverage is considered close to complete.
However, no formal validation of the quality of coding or coverage has
been published. Data on specialized in- and outpatient care are equal to
the data reported to the NPR. Diseases or medical conditions are reported
to VEGA based on the Swedish version of the ICD coding system (ICD-
10 since 1997) and the reporting of procedures based on the NOMESCO
classification of surgical procedures.® Additional variables include the
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personal identity number of the patients, place of residence, information
on the general practitioner of the patient, and the date and place of
contact for medical care visits. The register is managed by the local
health care authorities. (information on the register is available in
Swedish at www.vgregion.se, or through personal contact to the county
council, Region Vistra Gotaland, head office)

The Cause of Death Register (CDR)

The CDR contains information on all deaths of Swedish residents, in
Sweden and abroad.™ Since 2012, the register also contains information
on deaths of non-Swedish residents in Sweden. The CDR is currently
administrated by the NBHW and each year cause-of-death-statistics are
published. The register is considered complete and 96% of the individuals
in the registers have a specific underlying cause of death recorded. Data
is available electronically back to 1952. The register is based on ICD
coding and contains data on place of birth, nationality, gender, marital
status, place of residence, date of death, underlying and contributing
causes of death, place of death, autopsy type, and data on surgery within
4 weeks of death.™ When a person in Sweden dies, a medical death
certificate must be submitted to the NBHW within 3 weeks, and this
certificate, together with additional information from the tax authority,
forms the basis for the data recorded in the register.
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3.3 Study design and subjects

Paper |

This is a comprehensive retrospective cohort study based on data from
the VEGA register. First, data for all patients with a medical care visits
coded as tonsillitis or pharyngitis from 2011 to 2017 were retrieved. From
this population, two groups were formed. All patients who underwent
tonsillectomy or adenotonsillectomy (only children) based on the
indication chronic tonsillitis (J350) between 2013 and 2016 constituted the
intervention group. A control group was created from patients who had
medical care visits for tonsillitis or pharyngitis from 2013-2016 but who
did not undergo tonsil surgery. One of the visits in the control group was
randomly classified as a fictious tonsillectomy to enable comparison with
the intervention group. The intervention and control groups were matched
.1 on gender and number of medical care visits in the 2-year period
before surgery/no surgery, and as close as possible on age (1:T on age
group). Patients with previously registered tonsil surgery between 2000
and 2012 were excluded from both groups. One medical care visit was
subtracted for patients in the intervention group to adjust for the visit
related to scheduling of the surgery. Only one medical care visit was
counted for each date and if conflicts occurred in coding, diagnostic
codes from visits in specialized care was prioritized over primary care
and acute tonsillitis codes were prioritized over acute pharyngitis codes.

The intervention and control groups were divided into three categories
based on the number of medical care visits for tonsillitis/pharyngitis in
the 2-year period before surgery/no surgery: Category A (I-3 visits),
category B (4-6 visits), category C (7+ visits). The follow-up period
ranged from one to three years.

The primary outcome variable in the study was changes in yearly mean
rates of medical care visits due to tonsillitis or pharyngitis before and
after (adeno)tonsillectomy compared to the rates in patients who did not
have surgery.
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Figure 2 Flow-chart of the study design in paper |

All patients with medical
care visits for
pharyngitis/tonsillitis
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I I
[ ] [
Intervention
Control group group
Exclusion (in total) n=1644 n=1644
n =247 750 '—l—l
Adults >15 yrs Children <15 yrs Adults >15 yrs Children <15 yrs
Previous tonsil -
n=1122 n=522 = =
surgery 2000-2012 n=1122 n=s22
(n=8242)
CategoryA ] [ Category A Category A Category A
Unknown gender n=786 n=281 n=786 n=281
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2013-2016
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Due to 1:1 matching
with intervention
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Qualifying ICD codes for medical care visit for pharyngitis or tonsillitis

J02 Acute pharyngitis

J020 Streptococcal pharyngitis

J028 Acute pharyngitis, other microorganisms

J029 Acute pharyngitis unspecified

Paper lI

JO3 Acute tonsillitis

Exclusion (in total)
n=4274

Surgical method not
TE/TEA children or TE
adults (n =2 809)

Indications for surgery
other than J350
(n=880)

Tonsil surgery 2000-
2012 (n =422)

No preoperative visit
when subtracting 1

preoperative visit for
booking of surgery

(n=163)

JO30 Streptococcal tonsillitis

J038 Acute tonsillitis, other microorganisms

J039 Acute tonsillitis unspecified

J350 Chronic tonsillitis

This is an observational retrospective cohort study investigating
readmission rates for haemorrhage, reoperation rates for haemorrhage
and risk factors for readmission/reoperation for haemorrhage in a
national population (Sweden) over 27 years. All tonsil surgeries
registered in the NPR from 1987 to 2013 were identified, including
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tonsillectomies + adenoidectomies and tonsillotomies + adenoidectomies.
Surgeries related to malignant disease, lymphoma or congenital
abnormalities were excluded. For all identified surgical events, data on
gender, age, date of surgery, indication, type of surgery, level of care,
length of stay for inpatient surgery, readmission (date and indication) and
reoperation for haemorrhage were collected. Patients were divided into
four indication-groups based on ICD-10 codes for the surgical event,
infection, obstruction, infection and obstruction (both indications) and
other indications. Haemorrhage after surgery was defined as readmission
to the hospital with an ICD-10 code suggesting bleeding from the head
and neck site within 31 days of surgery. Reoperation for haemorrhage was
defined as all events of return to the surgical theatre in patients
readmitted for haemorrhage. Data analyses were performed on the
complete cohort (1987-2013) and longitudinally by year.

Figure 3 Flow-chart paper 11

All patients with readmission for
haemorrhage after tonsil surgery

1987-2013

n =6 671 (256 053 operations)

Analyses of readmission rates and Y .
reoperation rates for haemorrhage on Longﬁu?;rtm:sl ?gf%s:;g;;zademlssmn
the complete cohort (1987-2013) 9

Analyses of risk factors for
readmission and reoperation for
haemorrhage

ICD10 codes defining haemorrhage (1997-2013)

T810, T811, T812, T817, R040, R041, R042, R048, R049, R571, R589, S015, S019,
S090, S118, S119, S150, S157, S158, S159, D629

ICD9 codes defining haemorrhage (1987-1997)

998A, 998B, 998C, 998D, 784H, 784W, 785F, 459A, 285B
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The primary outcomes were rates of readmission for haemorrhage related
to age, gender, indication, type or surgery, level of care and changes in
rates over time. Secondary outcomes were rates of reoperation for
haemorrhage and risk factors for readmission/reoperation for
haemorrhage.

Paper llI

The design of this study was an observational retrospective cohort study.
All tonsil surgeries performed in Sweden 2004-2011 were identified in the
NPR with a search based on the NOMESCO surgical codes™ for tonsil
operations including tonsillectomies and tonsillotomies with or without
adenoidectomies. All surgeries related to malignant disease or
lymphomas were excluded. All identified individuals were subsequently
matched with all deaths registered within 30 days of the surgical event in
the CDR. The matching was based on the unique personal identity
number available for all Swedish citizens. Deaths not related to the
surgical events were excluded. A detailed presentation of the fatal events
was made based on the information retrieved from the post mortem case
investigations through the NBHW.

The primary outcome of the study was the mortality rate after tonsil
surgery performed on benign indications in a national population. The
secondary outcome was cause of death.

Paper IV

This is a retrospective cohort study based on data from the NPR and the
NTSRS. Data on the number of tonsil surgeries and admissions for
haemorrhage were retrieved from both registers for the time period 2009-
2017. In the NPR, surgical events were defined by NOMESCO codes™
for tonsillectomy (EMBT10), adenotonsillectomy (EMB20), tonsillotomy
(EMB15 or EMB99) or adenotonsillotomy (EMB15+EMB30 or
EMB99+EMB30). Surgeries for non-benign indications were excluded,
and a maximum of one surgical event per 30-days was allowed to avoid
duplicate registrations and inclusion of acute reoperations in the dataset.
Admission for haemorrhage was defined as an admission to the hospital
between postoperative days 1 and 30, with an ICD-10 code suggesting
bleeding from the head and neck site.
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In the NTSRS, the surgical method for all registered surgeries is reported
by the operating surgeon, while patients report on admission for
haemorrhage by responding to a questionnaire sent out 30 days after
surgery. The mean response rate to the questionnaire was 54.1% during
the 9-year period of the study.

First, data on surgical events present in each register were matched,
meaning that registrations for the same surgical events were identified in
both registers. A maximum difference of 7 days in surgical dates was
accepted to count the events as a match. Subsequently, all surgical events
present in one or both of the registers were combined into a merged
cohort, which constituted all known tonsil surgeries in Sweden. The same
procedure was performed for admission events for haemorrhage, but in
addition combinations of a surgical events registered in one register with
data on admission for haemorrhage in the other were also included.

The primary outcome in the study was agreement between the registers in
reporting of haemorrhage events. The secondary outcome was
presentation of the merging process aimed at improving coverage and
completeness of the number of surgeries and admissions for haemorrhage
when calculating the rate of secondary haemorrhage.

Figure 4 Illustration of the combining of register-data. The merged cohort is represented by the
entire coloured area. The matched cohort is represented by the overlapping section of the circles

ICD10 codes defining haemorrhage in the NPR (2009-2017)
compared to paper |l (crossed out)

T810, T811, T812, T817, RB48, R041, R042, R048, R049, R571, R589, S645, S649,
S099, 8448, S119, 8450, S157, $458, S159, D629
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3.4 Statistics

Table 9

Overview of main statistical test/models used in papers I-IV

Description Statistical methods 1l 11l \%
Descriptive analysis
Continuous variables Mean, SD, median, min; max or Q1; Q3 X X X
Categorical variables Numbers (n), % X X
For comparison between two
groups:
Dichotomous variables Fisher's exact test X X
Continuity adjusted Chi-square test X
Continuous variables Fisher's non-parametric permutation test X
Ordered categorical variables Mantel-Haenszel chi-square test X
Non-ordered categorical var. Pearson chi-square test
Analysis of admission rates McNemar's test X
for haemorrhage
Analysis of change within Fisher's non-parametric permutation test
groups for paired observations
Analysis of the relationship Linear regression model X
between haemorrhage rates
in NPR and NTSRS
Cross sectional correlation Spearman’s correlation coefficient X
analysis
Estimate adjusted risk ratio Generalized linear model with binominal X
(RR) with 95% ClI interval distribution for the dependent variable,
and log-link function
Analysis of risk factors Univariable logistic regression analysis X
Selection of independent risk Stepwise multivariable logistic X
factors regression
Incidence of medical care Rate ratio, relative rate reduction and
visits for pharyngitis/tonsillitis number needed to treat (NNT)
Confidence intervals for Bootstrapping
continuous variables
Test of proportions Binominal test X
Analysis of agreement Cohen's kappa X

between registers
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All the statistical analyses were performed by the authors in close
collaboration with professional Statisticians.

Paper |

Change in the yearly mean medical care visit rates after
(adeno)tonsillectomy, and the comparison of the change in visit rates
between the surgical and non-surgical groups constituted the primary
analyses in paper L. In these analyses, tested with Fisher's non-parametric
permutation test, patients contributed their maximum duration of follow-
up years.

For testing differences between the intervention (surgery) and control
groups (no surgery) according to the variables listed under general
characteristics (results table 10), the choice of statistical test depended on
the type of data (table 9). The aim of the matching procedure was to
create control groups identical to the intervention groups in all aspects
except the intervention; hence, a p-value of T was the ideal. Fisher's non-
parametric permutation test was chosen for the continuous variables
mean age at surgery and average number of medical care visits in the 2-
year period prior to surgery/no surgery. The Mantel-Haenszel chi-square
test was used for the ordered categorical variables age group, number of
medical care visits in the 2 years prior to surgery/no surgery, category
and follow-up (number of whole years of follow up). Differences
between gender distributions in groups were tested with Fisher's exact
test for dichotomous variables. Differences in the distribution of health
care providers for the medical care visits were tested with Pearson chi-
square test for non-ordered categorical variables.

The subgroup analyses performed for children and adults, the different
categories based on the number of preoperative medical care visits, and
for the year of follow-up, were presented separately in a forest plot.
Absolute rates were given per 100 person years, and the rate ratios,
relative rate reductions and numbers needed to treat (NNTs) were
presented to enable comparisons of the effectiveness of the surgical
intervention in the different subgroups. P-values were given for the
calculations of the rate ratios. NNT was defined as the number of patients
needed to undergo surgery to save one medical care visit for tonsillitis or
pharyngitis.
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To determine if adenoid surgery affected the reported outcome in
children, sensitivity analyses were performed. The different variables
were tested with the chosen statistical tests presented above, depending
on the nature of the variable (continuous/ordered categorical/non-ordered
categorical/dichotomous), = comparing children who underwent
tonsillectomy with children who underwent adenotonsillectomy. No
statistically significant differences between the surgical methods were
observed and the groups were therefore pooled for the subsequent
analyses.

To investigate whether loss to follow-up, caused by the set time
restriction of the intervention-period (2013-2016) in relation to the
available data (until 31 Dec 2017), affected the composition of the
intervention and control groups the second and third year of follow-up,
dropouts were compared to the remaining patients in the study. In
addition, the remaining patients in the intervention and control groups
year 2 and 3 were compared. Relevant variables were tested as described
above.

Paper Il

Readmission rates for haemorrhage (secondary haemorrhage) were
calculated as all readmission events for haemorrhage divided by all
operations for each year and the entire period (1987-2013). Reoperation
rates were correspondingly calculated as all patients with a return to
theatre (RTT) following readmission for haemorrhage divided by all
surgeries. Data were presented as the mean haemorrhage rates and
reoperation rates for the period 1987-2013 with line charts showing the
trends in rates over time.

Longitudinal analyses were performed with calendar year used as a
continuous variable. Trends in proportions were tested with logistic
regression and included trends in the number of tonsil surgeries
performed and the distribution of indications, type of surgery and level of
care. Correspondingly, trends in haemorrhage rates for the same variables
were tested with the same method, logistic regression. Trends in mean
age at surgery were tested with Spearman’s rank correlation test
(correlation between counts and calendar year). Differences in
proportions between two time periods for both number of surgeries and
overall haemorrhage and reoperation rates, including subgroup analyses
for the variables indication group, type of surgery and level of care, were
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tested with Fisher's Exact test. A continuity adjusted chi-square test was
used to test the proportion of readmissions for haemorrhage out of all
readmissions, and the 5-year period from 1987-1991 was compared to the
5-year period from 2009-2013. A binominal test was used to test the claim
that outpatient care became the most prevalent level of care after 2010
(testing observed proportions against predefined proportions (50%)).
Trends in the continuous variable length of stay (LOS) were tested with
Fisher's non-parametric permutation test.

A univariable logistic regression was performed to identify tentative risk
factors for both readmission and reoperation for haemorrhage.
Statistically significant risk factors were then entered into a stepwise
forward multivariable regression model to identify independent risk
factors, and the results were presented as unadjusted and adjusted odds
ratios (ORs) with 95% confidence intervals (Cls). Calculations of
univariable relative risks with 95% Cls and area under ROC curves were
not presented in the published article, but these complementary analyses
have been performed and are presented in the results section.

Paper Il

In this paper, the objective was to present the incidence rate of mortality
after tonsil surgery in Sweden. The incidence rate was calculated as the
number of fatal events related to the surgery performed divided by the
total number of surgeries registered in the NPR 2004-2011 and was
reported with a 95% confidence interval. Case reports of the two fatal
events were presented.

Paper IV

The number of surgeries identified in the NPR and the NTSRS were
presented separately for each register and combined into a matched
cohort (surgeries present in both registers) and a merged cohort (surgeries
present in either register). Coverage was defined as the number of tonsil
surgeries found in each register divided by all identified tonsil surgeries
(merged cohort). Completeness was defined as the number of reporting
units in each register divided by all reporting units (to any register).

Admissions for haemorrhage were presented as unique admissions found
in each register, a matched cohort of admissions for haemorrhage with
the corresponding surgeries found in both registers, and a merged cohort
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of all known admissions for haemorrhage. Unique admissions found by
the merging process were also presented separately. Admission rates for
haemorrhage were calculated for each register separate and for the
merged cohort by dividing number of identified admissions for
haemorrhage by the number of identified surgeries. When calculating the
haemorrhage rates in the NTSRS and the merged cohort, only surgeries
where the patients had responded yes or no to the 30-day questionnaire
were included.

The relationships between the calculated haemorrhage rates per year
(2009-2017) in the two registers (9 observations) were tested with a linear
regression model. Equations for the regression lines as well as standard-
deviations for the residuals (Root MSE) and R* were presented.

Inter-rater reliability or agreement between reported haemorrhage events
in the registers was determined with percent agreement and Cohen's
kappa statistic. These calculations were performed on a matched cohort
of patients with surgeries and information on admission for haemorrhage
available in both registers (non-responders to the 30-day questionnaire
were not included).

McNemar's test was used to compare the admission rates in the registers
(paired categorical variables). For testing trends in unadjusted (for known
risk factors for haemorrhage) haemorrhage rates over time in the merged
cohort, the Mantel-Haenszel chi-square test was used, while Fisher's
exact test was chosen to test the difference in haemorrhage rates between
2009 and 2017 (difference in proportions).

In the subgroup analysis (haemorrhage rates for different surgical
methods in the merged cohort), estimates of relative risks (RRs) with
95% confidence intervals for admission for haemorrhage were calculated
with a generalized linear model with binominal distribution for the
dependent variable, and a log-link function.

Fisher's exact test was used to test if admission rates for haemorrhage in
the responders and non-responders to the 30-day questionnaire in NTSRS
differed through comparisons with the NPR.
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3.5 Ethical considerations

All studies were conducted in accordance with the Declaration of
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Results

4.1 Paper |

3 288 patients met inclusion and exclusion criteria and 1644 patients (522
children and 1122 adults) were included in the intervention and control
groups, respectively.

The general characteristics of the study population is presented in table
10. As a result of the matching procedure, no significant differences were
observed between the intervention- and control groups regarding the
matching variables: age group, gender and number of medical care visits
before surgery/no surgery (p=1.00). Visits to a primary care physician
were significantly more frequent in the control groups, but both groups
had overall most visits in primary care. The gender distribution was
skewed towards females in adults (68.6%) and was close to equal in
children. Three-quarters of the children were >5 years of age, while most
adults were younger than 40 years of age. Regarding the distribution of
medical care visits within each category, 84.8% of the children and
96.0% of the adults had <7 medical care visits in the observation period
before intervention/no intervention, and 53.8% of the children and 70.1%
of the adults had less than four visits. The mean follow-up time was 2.39
vs 2.52 years for the intervention vs control groups in children and,
correspondingly, 2.38 vs 2.44 years in adults. Significantly higher
number of patients in the control group for children had three years of
follow up (p = 0.0008), otherwise no statistically significant differences
were seen in length (years) of follow-up.
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Table 10

General characteristics of the study population

Children (TE or TEA)

Adults (TE)

Intervention
Group

(n = 522)

Control Group
(n=522)

Intervention
Group

(n=1122)

Control Group
(n=1122)

Age
0-4 137 (26.2%) 137 (26.2%)
5-6 126 (24.1%) 126 (24.1%)
7-14 259 (49.6%) 259 (49.6%)
15-39 1046 (93.2%) 1046 (93.2%)
40- 76 (6.8%) 76 (6.8%)
Age at surgery® 7.75 (3.49) 7.26 (3.36) 25.1 (8.7) 28.2 (9.7)
6.98 (1.70; 14.99) 6.97 (0.53; 14.99) | 22.1 (15.0;78.2) 26.9 (15.0; 88.7)
(7.45; 8.05) (6.97; 7.55) (24.6; 25.6) (27.7; 28.8)

Gender
male

Female

256 (49.0%)
266 (51.0%)

256 (49.0%)
266 (51.0%)

352 (31.4%)
770 (68.6%)

352 (31.4%)
770 (68.6%)

Medical care provider*
Primary care physician
Specialist (public care)

Specialist (private care)

1624 (80.8%)
316 (15.7%)
71 (3.5%)

1841 (93.5%)
105 (5.3%)
22 (1.1%)

2593 (79.8%)
530 (16.3%)
125 (3.8%)

3004 (93.5%)
178 (5.5%)
32 (1.0%)

Category (visits before
surgery/no surgery)

A: 1-3 visits 281 (53.8%) 281 (53.8%) 786 (70.1%) 786 (70.1%)
B: 4-6 visits 162 (31.0%) 162 (31.0%) 291 (25.9%) 291 (25.9%)
C: 7+ visits 79 (15.1%) 79 (15.1%) 45 (4.0%) 45 (4.0%)
Follow-up

1 year follow-up
2 years follow-up

3 years follow-up*

522 (100%)
419 (80.3%)
304 (58.2%)

522 (100%)
437 (83.7%)
357 (68.4%)

1122 (100%)
892 (79.5%)
659 (58.7%)

1122 (100%)
922 (82.2%)
697 (62.1%)

* Medical care provider and the continuous variable age at surgery were statistical different between
groups, p<0.0001. Significantly higher number of control-group children had 3 years of follow up. Age
(group), gender and category (visits before surgery/no surgery had p = 1.0.
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There was a significant decrease in the yearly mean medical care visit
rates in both children, (-1.80 (-1.90 to -1.69)), and adults, (-1.30 (-1.36 to
-1.24)), after (adeno)tonsillectomy. A significant decrease was also
observed in patients who did not undergo surgery, -1.51 (-1.61 to -1.41)
in children vs -1.18 (-1.24 to -1.13) in adults. There was a greater
decrease in visit rates in the surgical group compared to patients who did
not undergo surgery, regardless of age. The mean difference for the
change in rates between the intervention and control group was

-0.283 (-0.436 to -0.135) for children and -0.111 (-0.195 to -0.028) for

adults.

Table 11 The main results from paper I

intervention control differences
(surgery) (fictive surgery) (between groups)
children (<15 years)
n =522
yearly rate 1.93 1.89 0.041
of medical care visits (1.82; 2.04) (1.79; 1.98) (-0.107; 0.194)
before (2 years) 1.5(0.5; 8.5) 1.5(0.5;7)
surgery/fictive surgery
yearly rate 0.129 0.371 -0.241
of medical care visits (0.099; 0.165) (0.312; 0.433) (-0.313; -0.174)
after (up to 3 years) 0 (0; 4.33) 0(0;7)
surgery/fictive surgery
change in rate -1.80 -1.51 -0.283
before and after (-1.90; -1.69) (-1.61; -1.41) (-0.436; -0.135)
surgery/fictive surgery -1.5(-7;1) -1.33 (-7; 4)
p-value <0.0001 <0.0001 0.0002
adults (215 years)
n=1122
yearly rate 1.45 1.43 0.015
of medical care visits (1.39; 1.51) (1.38; 1.49) (-0.064; 0.094)
before (2 years) 1(0.5; 10.5) 1(0.5;7.5)
surgery/fictive surgery
yearly rate 0.152 0.248 -0.096
of medical care visits (0.132; 0.173) (0.213; 0.288) (-0.141; -0.054)
after (up to 3 years) 0(0; 3) 0(0; 8)
surgery/fictive surgery
change in rate -1.30 -1.18 -0.111
before and after (-1.36; -1.24) (-1.24; -1.13) (-0.195; -0.028)
surgery/fictive surgery -1 (-10.5; 1.5) -1 (-6.83; 6)
p-value <0.0001 <0.0001 0.0097

Continuous variables given in this table as mean (95%Cl), median (min; max)
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The results from the subgroup analyses are condensed into figure 5. The
rate ratios demonstrated an effect of surgery for all patients regardless of
the number of preoperative medical care visits: however, the results were
not statistically significant for all subgroups. Lower numbers needed to
treat were observed for patients with 7+ medical care visits prior to
surgery compared to patients with fewer visits, and significantly lower
NNTs were observed for the first two years after surgery for children and
the first year in adults. No systematic pattern in relative rate reductions
was observed across categories or follow-up years.

The dropout analyses showed a significantly higher number of dropouts
in the intervention groups and in category A patients in years 2 and 3 and
in females in year 2. However, for patients remaining for years 2 and 3,
no statistically significant differences were observed between the
intervention and control groups for the baseline variables, and the groups
were still considered comparable in years 2 and 3.

Figure 5 Forest plot for the subgroup analyses

Int. Contr.
Rate Rate
Int. Contr. 100 /100 Relative rate

Cat. Yr. n n Rate Ratio PY. P.Y. reduction NNT (95% CI)
All 1 522 522 —- 182 454 0.60(0.45-0.72) 4 (3-5)

2 419 437 —i— 88  26.8 0.67 (0.50-0.80) 6 (4-9)

3 304 357 — 79 165 051(0.17-0.75) 12 (7-47)
1-3 1 281 281 —a— 13.2 23.8 0.44 (0.16-0.66) 10 (6-35)

2 217 229 e 4.1 14.0 0.70(0.42- 0.89) 11 (7-24)

3 151 170 —_— 3.3 8.8 0.59(0.01-0.92) 19 (9-950)
4-6 1 162 162 —a— 17.3  58.0 0.70(0.52-0.83) 3(2-4)

2 133 142 — 12.8 345 0.62(0.33-0.81) 5(3-12)

3 98 130 —— 133 26.9 0.48(-0.01-0.79) 8 (4-NNTH)
T+ 1 79 79 —_—e 38.0 96.2 0.60 ( 0.23-0.83) 2(2-5)

2 69 66 15.9 545 0.69 (0.30-0.92) 3(2-8)

3 55 57 10.9 15.8 0.20 (-1.59- 1.00) 21 (5-NNTH)
All 1 1122 1122 . 23.0 320 0.28(0.12-0.41) 12 (7-29)

2 892 922 —.— 85 13.1 0.34(0.04-0.56) 22 (11-227)

3 659 697 —— 6.8 11.3 0.38(0.06-0.62) 23 (12-176)
1-3 1 786 786 -.- 20.7 21.0 0.00 (-0.27-0.23) 406 (18-NNTH)

2 615 631 —- 6.0 84 0.26 (-0.17-0.56) 43 (17-NNTH)

3 446 459 ——— 5.8 8.5 0.29(-0.22-0.63) 38 (15-NNTH)
4-6 1 291 291 —— 28.2 51.5 0.45(0.22-0.63) 5(3-11)

2 244 254 —a— 143 220 0.31(-0.26-0.66) 13 (5-NNTH)

3 187 207 —a— 8.6 155 0.42(-0.11-0.76) 15 (7-NNTH)
T+ 1 45 45 —_— 28.9  97.8 0.69(0.44-0.86) 2(1-3)

2 33 37 121 324 0.56(-0.35-1.00)  5(3-NNTH)

3 26 31 - 1.5 25.8 0.39(-1.38- 1.00) 8 (3-NNTH)

«— Intervention betterControl better —

T
[ 118 25 05 1 2 4
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0.0020
0.0020
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0.014
0.0020
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0.0040
0.078
0.0036
0.010
0.78
0.0020
0.042
0.024
0.92
0.26
0.25
0.0040
0.30
0.14
0.0006
0.24
0.49



4.2 Paper Il

Data on 264 667 tonsil operations performed from 1987-2013 were
retrieved from the NPR, and after exclusion of 8 614 due to errors in
coding (2 723) and non-benign indications for surgery (5 891), 256 053
patients were included in the statistical analysis. The gender distribution
was close to equal with a mean age of 15.3 years, while a higher
proportion of females and higher mean age was observed in the
tonsillectomy group compared to all other surgical methods. Upper
airway obstruction was the most prevalent indication (50.3%), and
tonsillectomy was the most prevalent surgical method (60.4%).
Adenotonsillectomies and tonsillotomies + adenoidectomies were mainly
performed in children for obstructive disease.

Table 12
General Characteristics of all tonsil operations (benign indications) in Sweden 1987-2013

Variables All patients TE TEA T TTA
All patients 256 053 154 569 73 877 6 311 21 296
(60.4%) (28.9%) (2.5%) (8.3%)
Gender
Female 131473 85 858 33 570 2921 9124
(51.3%) (55.5%) (45.4%) (46.3%) (42.8%)
Male 124 580 68 711 40 307 3390 12172
(48.7%) (44.5%) (54.6%) (53.7%) (57.2%)
Age 15.3 (13.2) 21.3(13.3) 6.26 (5.05) 10.6 (11.4) 4.78 (3.03)
12 (5; 21) 19 (13; 28) 5(3;7) 6 (4; 13) 4 (3;6)
Indication
Obstruction 128 898 39 940 62 316 5594 21048
(50.3%) (25.8%) (84.4%) (88.6%) (98.8%)
Infection 109 322 104 267 4 553 431 71
(42.7%) (67.5%) (6.2%) (6.8%) (0.3%)
Obstruction 10 063 3993 5879 97 94
and infection (3.9%) (2.6%) (8.0%) (1.5%) (0.4%)
Other 7770 6 369 1129 189 83
indication (3.0%) (4.1%) (1.5%) (3.0%) (0.4%)

For categorical variables n(%) are presented. Age (continuous variable) is presented as
mean (SD)/median (Q1; Q3). TE = tonsillectomy, TEA = adenotonsillectomy, TT =
tonsillotomy, TTA = adenotonsillotomy.
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The readmission rate for haemorrhage (1987-2013) was 2.61% (2.54 to
2.67), and the reoperation rate was 0.84% (0.81 to 0.88). The longitudinal
analyses showed a significant increase in the readmission rate for
haemorrhage, from 1.12% (0.89 to 1.40) in 1987 to 4.80% (4.43 to 5.19)
in 2013. Approximately 1/3 of all readmissions for haemorrhage required
reoperation; however, this rate increased significantly from 18% in 1987
to 43% in 2013. The increase in readmission rates was most pronounced
for adults who underwent tonsillectomy for throat infections, and
tonsillectomy had a readmission rate of 9.17% (8.42 to 9.97) in 2013
while infectious indications had a rate of 9.63% (8.75 to 10.56%).
Overall readmission rates for outpatient care was higher than for inpatient
care, however, after 2010, when outpatient care became the most
frequently used care-form, inpatient care had a higher risk of
haemorrhage. The proportion of all readmissions caused by haemorrhage
increased from 46.9% in 1987 to 68.4% in 2013. The median number of
days after surgery for readmission was 6 for the entire period (1987-
2013), 7 in 1987 and 6 in 2013. During the period 1987-2013, 8.3% of
the patients who experiences a readmission for haemorrhage were
admitted a second time for haemorrhage and less than 1% had more than
2 readmissions. Less than 1% of bleedings occurred after 3 weeks.

Figure 6
Days to readmission for haemorrhage in 1987 and 2013

1987:

204 mean: 8.0 (4.6) days

median: 7 (3-30) days
n:80

2013:
mean: 6.4 (3.2) days
median: 6 (1-20) days
n: 596

1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 20 22 28 30

Year of index operation @ 1987 m 2013
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Table 13

Readmission and reoperation rates for haemorrhage (1987-2017)

Number of Readmission rate for =~ Reoperation rate
operations haemorrhage for haemorrhage
All patients 256 053 2.61 (2.54; 2.67) 0.84 (0.81; 0.88)
Gender
Female 131473 (51.3%) 2.39 (2.31; 2.48) 0.75 (0.71; 0.80)
Male 124 580 (48.7%) 2.83 (2.74; 2.92) 0.94 (0.88; 0.99)
Age
<18 years 166 053 (64.9%) 1.54 (1.48; 1.60) 0.47 (0.44; 0.51)
>18 years 90 000 (35.1%) 4.57 (4.43; 4.70) 1.53 (1.45; 1.61)
Type of surgery
Tonsillectomy 154 569 (60.4%) 3.59 (3.50; 3.69) 1.18 (1.13; 1.24)
Adenotonsillectomy 73 877 (28.9%) 1.23 (1.15; 1.31) 0.37 (0.32; 0.41)
Tonsillotomy 6 311 (2.5%) 1.58 (1.29; 1.92) 0.59 (0.41; 0.81)
Adenotonsillotomy 21 296 (8.3%) 0.52 (0.42; 0.62) 0.12 (0.08; 0.17)
Indication
Obstruction 128 898 (50.3%) 1.54 (1.48; 1.61) 0.46 (0.43; 0.50)
Infection 109 322 (42.7%) 3.84 (3.73; 3.95) 1.28 (1.21; 1.34)
Obstruction and 10 063 (3.9%) 3.43 (3.08; 3.80) 1.24 (1.04; 1.48)
infection
Other indication 7770 (3.0%) 1.80 (1.52; 2.12) 0.58 (0.42; 0.77)
Level of care”
Inpatient 103 194 (68.9%) 3.52 (3.41; 3.64) 1.12 (1.05; 1.18)
Outpatient 46 683 (31.1%) 3.94 (3.76; 4.12) 1.63 (1.52; 1.75)
“Level of care was calculated 1998-2013 because outpatient care was first available in the NPR
from 1997.
Figure 7

Readmission rates for haemorrhage (1987-2017) with 95% confidence intervals including data on
reoperation rates for haemorrhage and readmission rates all causes
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The univariable regression identified male gender, increasing age,
tonsillectomy, infection or infection and obstruction as the indication for
surgery, outpatient surgery, length of stay (short) and a more recent year
for the index operation as risk factors for readmission and reoperation for
haemorrhage. The risk factors were entered stepwise into a multivariable
regression model, and all risk factors except level of care remained
statistically significant with comparable values for the odds ratios.
However, when adjusting for age in the multivariable model
adenotonsillectomy had higher odds of haemorrhage compared to
tonsillotomy. The risk factors for reoperation were the same as for
readmission with slightly different values and larger confidence intervals.
The AUC for the multivariable model was 0.75 for readmission and 0.80
for reoperation. As shown in table 14, the calculated relative risks for the
univariable model were very similar to the odds ratios, as expected when
the outcome is rare (<10%).

Table 14
Risk factors for readmission for haemorrhage
OR RR OR
Univariable Univariable Multivariable
model model model
Gender: Male vs female 1.19(1.13;1.25) 1.18 (1.13; 1.24)  1.30 (1.24; 1.37)
Age (per 10 years) 1.31(1.29;1.33) 1.29 (1.27;1.31) 1.32 (1.30; 1.35)
Type of surgery
Tonsillectomy 3.34 (3.13; 3.56) 3.25(3.05; 3.47) 3.31(3.07; 3.57)
Adenotonsillectomy 0.38 (0.36; 0.41)  0.39 (0.36; 0.42) 0.66 (0.61; 0.71)
Tonsillotomy 0.60 (0.49; 0.73)  0.60 (0.50; 0.73)  0.41 (0.34; 0.50)
Adenotonsillotomy 0.18 (0.15; 0.22)  0.18 (0.15; 0.22)  0.13 (0.10; 0.15)
Indication
Obstruction 0.41 (0.39; 0.43) 0.42(0.40; 0.44) 0.44 (0.42;0.47)
Infection 2.33(2.21;2.45) 2.28(2.17;2.39) 2.20(2.08; 2.33)
Obstruction and infection 1.35(1.21;1.50) 1.33(1.20; 1.48) 1.19(1.07; 1.34)
Other indications 0.68 (0.57; 0.80) 0.69 (0.58; 0.81) 0.56 (0.47; 0.67)
Length of stay (per day) 0.77 (0.76; 0.79)  0.78 (0.76; 0.79) 0.96 (0.94; 0.98)

Level of care”
Outpatient vs inpatient 1.12 (1.06; 1.19) 1.12 (1.06; 1.18)

Year of index operation (per year) 1.08 (1.08; 1.08) 1.08 (1.07;1.08) 1.09 (1.09; 1.09)

“Level of care was calculated from 1998-2013 because outpatient care was first included in the NPR
in 1997, and the variable was not an independent risk factor in the multivariable model. All p-values
for OR was <0.05, all p-values for RR was <0.0001.
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4.3 Paper lli

The search in the NPR from 2004 to 2011 identified 82 527 tonsil surgeries
performed on benign indications. The matching between the NPR and the
CDR identified six fatal events after tonsil surgery; four were excluded due
to a cause of death unrelated to the surgery performed.

The mortality rate after tonsil surgery in Sweden was calculated as
follows:

Number of deaths after tonsil surgery 1

Mortality rate =

Total number of surgeries 41263

0.0024235% with 95% confidence interval (0.0000614 to 0.0135020),
corresponding to a rate of 1/41 263 (1/7406 to 1/1 628 664).

Table 15
Case reports of the fatal events

Case | Case I/
Age 4 years 2 years
Gender male male
Indication for surgery Hypertrophy of the tonsils (J351) Hypertrophy of tonsils with
hypertrophy of adenoids
(J353)
Surgical method Tonsillectomy + adenoidectomy Tonsillotomy +
(EMB20) adenoidectomy
(EMB99+EMB30)
Surgical technique Adenoids: Not specified Adenoids: Cold steel
Tonsils: Coblation Tonsils: Coblation
Haemostasis Not specified Compression
bipolar diathermy
Postoperative Paracetamol Paracetamol
analgesics Ibuprofen Ibuprofen
Time of death 3 days after surgery 6 days after surgery
Cause of death Airway obstruction due to Airway obstruction due to
(autopsy) bleeding and bleeding

hemodynamic failure
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4.4 Paper IV

Combining data on the number of registered tonsil surgeries from the
NPR and the NTSRS gave a total population of 117 685 tonsil surgeries
performed in Sweden from 2009-2017 on benign indications, with a
mean of 13 076 surgeries performed annually. In building the merged
cohort, 24.6% of the surgeries were only identified in the NPR, while
5.4% were only registered in the NTSRS. The NPR had a mean coverage
of 94.6% and a completeness of 97.8%. The NTSRS had a mean
coverage of 75.4% and a completeness of 82.9%.

The admission rate for haemorrhage was calculated for each register
separately and for the merged cohort. The rate was 4.1% in the NPR,
5.1% in the NTSRS and 4.5% in the merged cohort, as illustrated in
figure 8. A significant decrease in haemorrhage rates in the merged
cohort was observed over time (p<0.0001), from 5.0% in 2009 to 3.2% in
2017.

Figure 8
Admission rates for haemorrhage in the NPR, the NTSRS and the merged cohort 2009-2017
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Figure 9
Admission rates for haemorrhage in the merged cohort quantified by surgical method 2009-2017
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In the subgroup analyses, a significantly higher mean admission rate for
haemorrhage (8.0%) was found for tonsillectomy compared to all other
surgical methods, with an RR of 5.17 (4.83; 5.52), p<0.0001.

In the drop-out analysis (comparing NTSRS data to NPR data) there was
a significantly higher admission rate for haemorrhage in responders to the
30-day questionnaire in the NTSRS compared to the rate in the non-
responders (4.3% (4.1; 4.5) vs 3.9% (3.7; 4.1%), p = 0.0095). The
response rate was marginally higher for patients with admissions for
haemorrhage (56.3%) compared to non-bleeders (54.0%), p = 0.0095.

The linear regression model performed to determine the degree of linear
correlation between the mean yearly admission rates for haemorrhage in
the NPR and NTSRS showed close correlations for all surgical methods
combined and for tonsillectomy. Moderate correlation was found for
adenotonsillectomy, while poor and no correlation were found for
adenotonsillectomy and tonsillotomy, respectively.
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Figure 10 Linear correlation mode (all surgical methods combined) The equation for the line: y =
1.007x — 0.013, R> = 0.848, Root MSE = 0.0004, p = 0.0004. The grey shaded area represents the
prediction interval for the model
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Percent and calculated agreement between the registers based on the
matched cohort of surgeries, with information on haemorrhage events
present in both registers, is presented in table 16. Strong agreement was
found for the reporting of admission for haemorrhage between registers
for all surgical methods. Significantly higher haemorrhage rates were
reported in the NTSRS compared to the NPR (p<0.0023). The 2x2
contingency table for the agreement analysis of all surgical methods
combined shows that more admissions were identified only in the
NTSRS compared to only in the NPR, 424 vs 63 or 18% vs 2.7% of all
admissions for bleeding in this matched cohort.
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Table 16

Comparing data on haemorrhage events in the NPR and the NTSRS

Surgical method

all surgical
methods
tonsillectomy
adenotonsillectomy

tonsillotomy

adenotonsillotomy

matched cohort Cohen’s Kappa haemorrhage
(number of agreement Coefficient rate
surgeries in both (%) (95% Cl interval) | NPR vs NTSRS
registers with data (p-value)
on haemorrhage)
n =44 554 98.9% 0.88 (0.87; 0.89) 4.3% vs 5.1%
p<0.0001
n= 18 808 98.4% 0.90 (0.89; 0.91) 8.1% vs 9.4%
p < 0.0001
n=6621 98.7% 0.83 (0.80; 0.87) 3.8% vs 4.6%
p < 0.0001
n=3019 99.6% 0.85 (0.77; 0.93) 1.3% vs 1.7%
p =0.0023
n=16 106 99.5% 0.69 (0.62; 0.75) 0.6% vs 0.9%
p < 0.0001
NTSRS
No admission Admission Total
for haemorrhage for haemorrhage

No admission
for haemorrhage

42 219 (94.76%)

424 (0.95%)

42 643 (95.71%)

NPR
Admission 63 (0.14%) 1848 (4.15%) 1911 (4.29%)
for haemorrhage
Total 42 282 (94.90%) 2272 (5.10%) 44 554 (100%)
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Discussion

Burton et al. concluded, in the latest updated Cochrane review (2014)
with the title “Tonsillectomy or adenotonsillectomy versus non-surgical
treatment for chronic/recurrent acute tonsillitis”, that there is evidence
for a modest effect of (adeno)tonsillectomy, defined as a reduction in the
number of episodes and days with sore throat, in children in the first year
after surgery.’’ The effect in adults is uncertain since insufficient
information is available. Burton, as well as Paradise et al. (the authors
behind the famous Paradise criteria), argue that the potential benefit of
surgery must be weighed carefully against the risk of complications.*” "
This reflection captures the essence of this thesis, which is to shed light
on the effectiveness of tonsillectomy for throat infections and the current
status of the most significant complication of tonsil surgery,
postoperative haemorrhage.

5.1 Is tonsillectomy an effective treatment for
recurrent/chronic throat infections?

Intuitively, the most relevant way to determine the benefit of a surgical
procedure is to evaluate to what degree the procedure leads to resolution
of the symptoms it was intended to treat. In recurrent throat infections,
this implies reducing either the number or the severity of throat
infections. This effect can be studied by asking the patients or caregivers
or, as in paper I, objectively by comparing medical care visits for throat
infections before and after intervention. The first approach will most
likely tend to overestimate the prevalence of infections, while the latter
will underestimate the prevalence, since not all patients seek medical
attention for every throat infection.''® '’

The main findings in paper [ were that tonsillectomy in both children and
adults reduced the number of medical care visits for tonsillitis and
pharyngitis, with a difference in the change in mean yearly rate between
the intervention and control group of -0.283 in children and -0.111 in
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adults. Patients who underwent surgery had fewer visits after surgery
compared to before, and fewer visits compared to non-surgically treated
patients. The effect of tonsillectomy in reducing medical care visits was
small with greatest reductions observed within the first year after surgery.
Overall a greater effect was observed in children compared to adults and
in patients with a higher number of medical care visits before surgery.

In children, the articles by Paradise et al. and Van Staaij et al. are often
referred to when discussing the effect of tonsillectomy for throat
infections.” ** ¥ Paradise et al. found in their early study (1984)* that
severely affected children, i.e those fulfilling the Paradise criteria,
experienced clinically relevant effects of the procedure, measured by a
reduction in the overall number of throat infections as well as the number
of moderate to severe episodes. In the randomized arm of the study, a
yearly mean number of throat infections of 1.54 was observed in the
surgical group ((adeno)tonsillectomy) vs 2.65 in the control group during
the three years of follow-up. The corresponding numbers for moderate or
severe episodes were 0.17 vs 0.88. Interestingly, in the conclusion the
authors emphasized that the study contributed evidence for an effect of
surgery in severely affected children but also for non-surgical
management since few infections were generally also observed in the
follow-up of non-surgically treated children. In their later study (2002)°°,
Paradise et al. found a similar reduction in the number of episodes with
throat infections in moderately affected children, with a mean yearly
number of infections of 1.58 after tonsillectomy vs. 1.66 in the
adenotonsillectomy group vs 2.63 in the control group during the three
years of follow up. The corresponding numbers for moderate to severe
episodes were 0.11 vs 0.09 vs 0.30, hence, substantial lower for the
control group compared to the severely affected children in their earlier
study. Based on these results, the authors concluded that the degree of
benefit with tonsillectomy do not justify the risks in moderately affected
children. Worth a comment is also that the criteria used for inclusion in
the later Paradise study was still more stringent than the
recommendations in general use at the time in the US.*®

Van Staaij et al. published a study on the effect of adenotonsillectomy
in children with mild symptoms of throat infections (a median of 3
infections the year before surgery) in the BM.J 2004.”” This study showed
a mean yearly number of throat infections (up to 24 months follow up) in
the adenotonsillectomy group of 0.56 vs 0.77 in the watchful waiting
group, with a mean difference of -0.21 (-0.36 to -0.06). The effect of
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surgery in reducing episodes of throat infections was greater in children
with 3-6 infections within the qualifying year (mean difference of -0.49)
compared to the effect in children with 0-2 infections (mean difference of
-0.03). The authors concluded that adenotonsillectomy has no major
clinical benefit over watchful waiting in children with mild symptoms of
throat infections.

The children in paper I were mainly moderately or less affected by
throat infections and therefore most comparable to the population in the
Van Staaij study. The category C (7+ infections) children can be
compared to the population in the later Paradise study, but not all of the
Category C patients would have fulfilled the inclusion criteria in this
study. In summary, the results in paper I support the findings and
conclusions in the presented studies; surgery has a small but not
clinically relevant effect in children not severely affected. The more
pronounced effect of surgery in patients with 7+ medical care visits
before intervention suggests that there might be a cut off where the
statistically observed effect reaches clinical relevancy, as suggested by
the Paradise criteria. However, no definition of what constitutes a
clinically relevant effect has been established, and with only 15.1% of the
children and 4.0% of the adults in paper I having had > 7 medical care
visits before intervention, the number of included patients in this sub-
category was too small to draw firm conclusion of the effect size in
severely affected patients.

Only two randomized controlled trials in adults, by Alho et al. and
Koskenkorva et al. were found eligible for inclusion in the Cochrane
review by Burton et al.’” Alho et al. reported less frequent episodes of
tonsillitis and pharyngitis after tonsillectomy in adults with >3 episodes
of pharyngitis within the last 6 months (mean 3.3 episodes) or >4
infections within the last year (mean 4.8), whereof all episodes needed to
be severe enough for the patient to seek medical attention, and at least
one episode had to be a confirmed group A streptococcal infection. At 90
days, a 30% reduction in the number of episodes with pharyngitis
requiring medical consultation was observed in the surgical group. In
patients with recurrent streptococcal pharyngitis a mean of 0.1 medical
consultations for pharyngitis were seen in the tonsillectomy group
(follow-up 170 days) compared to 0.9 in the control group (follow-up
164 days).

Koskenkorva et al. reported a reduction in the mean number of
medical visits for pharyngitis after tonsillectomy (mean of 0.1 visits
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+SD0.5) compared to watchful waiting (mean of 1.0 visits £SD1.4), with
a mean follow-up of 6.2 months for the tonsillectomy group and 5.7
months for the watchful waiting group. The patients in this study needed
to have at least 3 episodes of pharyngitis that affected daily activities and
were severe enough to seek medical attention, within the last 12 months.

Comparing the results for adults in paper I with the presented studies
is difficult because of the short follow-up in these studies. In paper I,
tonsillectomy showed a benefit in reducing medical care visits for adults
with > 4 medical care visits (in 2 years) but only for the first year of
follow-up. The effect was overall less pronounced for adults compared to
children, but for adults with 7+ visits (category C) similar to the effect
observed in children. In current clinical practice, the Paradise criteria
formulated based on studies in children are extrapolated to adults.
Evaluation of the correctness of this practice has not been possible due to
lack of evidence in adults; however, from paper I, there seems to be a
similar relationship between the number of preoperative visits and the
effect of tonsillectomy in adults as that seen in children.

The surgical group in paper 1 had remarkably few medical care visits
before surgical intervention: 53.8% of the children and 70.1% of adults
had less than four medical care visits during the preoperative 2 years,
with a mean of 3.85 visits in children and 2.89 in adults. When the
national guidelines in Sweden state that more than three or four
infections in a 12-24 months period are necessary to qualify for surgery,
this observation suggests unsatisfactory adherence to the guidelines. To
put this in a global perspective, the Swedish guidelines require fewer
infections compared to the Paradise criteria used in most countries with
published national guidelines, which, in comparison, would require 10
infections in a 2-year period before surgery. The lack of a relevant
number of infections could explain the small effect of tonsillectomy
found in paper I and raises concerns about the relevance of the current
clinical practice of tonsillectomy in Sweden.
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5.2 What is the risk of bleeding after tonsil surgery?

According to paper II, the readmission rate for haemorrhage in Sweden
increased from 1.12% in 1987 to 4.80% in 2013, with a mean readmission
rate of 2.61%. From 2009 to 2017, the mean admission rate for
haemorrhage based on merged data from the NPR and the NTSRS was
4.5% (IV), and a significant decrease was observed, from 5.0% in 2009 to
3.2% in 2017. Looking at NPR data alone (IV), a reduction from a peak of
4.9% in 2011 to a low of 2.8% in 2017 was observed.

Figure 11 Secondary haemorrhage rates in Sweden

6%
5%
4%
3%
2%
1%

0%
1987 1992 1997 2002 2007 2012 2017

= Paper [l (NPR) == Paper [V (NPR) Paper IV (merged)

Data from paper Il and IV are based on admissions or readmissions for
haemorrhage defined in most studies as secondary haemorrhage. The rate
of primary haemorrhage after tonsil surgery in Sweden from 1998-2007
was 1.3% (54 000 surgeries), with a significant decrease from 2.0% in
1997 to 0.96% in 2008.” Other studies have reported rates of primary
haemorrhage between 0.14% and 1.5%.""® The reason for the observed
decrease in primary haemorrhage rates could not be determined in the
Swedish study, but increase in the use of electrosurgery, changes in
anaesthesiology methods and choice of postoperative analgesic drugs
were suggested as possible contributing factors.”” Adding a primary
haemorrhage rate to the secondary haemorrhage rates found in papers II
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and IV would give a complete haemorrhage rate after tonsil surgery of
3.91% (+1.3%) 1987-2013 and 5.5% (+1.0%) 2009-2017.

The numbers presented above from papers Il and IV are not directly
comparable. The data from paper IV are based on merged data from the
two registers, NPR and NTSRS, while the data from paper II are based
on the NPR alone. The linear regression analysis in Paper Il showed that
NTSRS-based secondary haemorrhage rates are approximately 1% higher
than NPR rates. There are several possible explanations for this. In the
NPR, only true readmissions for haemorrhage occurring after discharge
were collected. This variable is somewhat different from the NTSRS
variable, which is admission to hospital without a specified time frame.
The NTSRS variable may thus also include primary bleedings, unplanned
admissions after scheduled day surgery being an example. Another
explanation for the discrepancy in reported rates could be participation
bias, the dropout analysis in paper IV showed that responders to the 30-
day questionnaire on admission for haemorrhage had higher rates of
secondary haemorrhage compared to non-responders, 4.1% vs 3.9%, and
patients with bleeding were somewhat more likely to answer the 30-day
questionnaire than non-bleeders (56.3% vs 54.0%). A third possibility,
illustrated by the higher number of admission events for haemorrhage
identified only in the NTSRS in the agreement analysis (IV), is that
NTSRS is a more sensitive source for identifying haemorrhage events
than NPR. Finding the true explanation for the differences in secondary
haemorrhage rates reported by the registers demands a proper validation
of both registers.

The rate of secondary haemorrhage seems to have increased in Sweden
until 2011 and thereafter decreased (figure 9). Neither paper Il or paper
IV was designed to provide an answer to why these changes have
occured, and careful interpretation of causal relationships is important in
retrospective studies.

Possible reasons for the increase in readmission rates from 1987 to
2011 discussed in paper Il could be many. The introduction of diathermy
and other warm techniques for haemostasis and dissection in the late 20"
century is one possible explanation. In 2012, bipolar diathermy was used
alone or in combination with other techniques for haemostasis in 55.9%
of all tonsil surgeries in Sweden.'” In the time-period 2009-2013, only
7.4% of tonsil surgeries in Sweden were performed with cold dissection
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and cold haemostasis.*® Several studies have shown that warm technique
is a risk factor for secondary haemorrhage.*® #7885 8895

Increased awareness of the risks associated with haemorrhage from
the throat could explain a higher readmission rate for haemorrhage.
Several studies published around the turn of the century suggested that
minor haemorrhage events can precede more serious bleedings and that
bleeding can be life threatening.'”” * ' One of the fatal bleeding events
identified in paper Il occurred after a prior minor haemorrhage. In
Sweden today, readmission is the standard of care for most cases of
postoperative haemorrhage after tonsil surgery regardless of the severity
of the haemorrhage. No publications have described how bleedings were
handled in 1987, but it is possible that a lower proportion of patients with
haemorrhage were readmitted.

The distribution of the postoperative day for which readmission for
haemorrhage occurred was similar when comparing 1987 to 2013
(figure 6) suggesting that the pathophysiology behind the bleedings has
not changed, despite increasing use of warm techniques.

Surprisingly, the decrease in length of stay (LOS) for inpatient surgery
at the index operation, from a mean of 4 days in 1987 to 2 days in 2013,
leaving the patients with more time available to experience secondary
haemorrhage due to earlier discharge, did not seem to have had major
impact on the observed increase in secondary haemorrhage rate
(Adjusted OR 0.96) (II).

A decline in surgical skills and experience related to the
reorganization of ENT-care in Sweden, with fewer tonsillectomies
available to each surgeon due to an increasing share being performed in
high volume outpatient centres, could have influenced both the training
of new specialists and the preservation of skills in existing specialists.
Conflicting evidence exists for the relationship between surgical
experience and the risk of haemorrhage after tonsil surgery.® % %

Intuitively, the main reason for the observed decrease in unadjusted
rates of secondary haemorrhage from 2009 to 2017 is trend shifts for
indications and surgical methods with increasing proportion of tonsil
surgeries being performed as (adeno)tonsillotomies for upper airway
obstructions in children, with significantly lower risk of PTH.* This
trend shift, however, was apparent before 2009 and should have
influenced the rates in paper Il as well. In addition, the risk of secondary
haemorrhage decreased the most for tonsillectomies (figure 9). It is
plausible that an increased awareness of the risks related to utilization of
warm techniques for dissection and haemostasis, guided by large studies
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from the NTSRS, as well as yearly reports issued from the register, has
influenced the haemorrhage rates®®'”'"" Quality improvement
programmes initiated and supported by the steering committee for the
NTSRS have shown that improving the haemorrhage rates at individual
clinics is possible.''” The main intervention in these programs were
recommendations for the use of cold techniques for dissection and
haemostasis.

Reported haemorrhage rates after tonsil surgery vary from 0-29.1% in the
literature.” Sarny et al. reported a haemorrhage a rate of 15% after
TEXAE including primary haemorrhage, based on the Austrian
multicentre audit initiated after 5 fatal events caused by bleeding in
children below the age of 6 in 2006 and 2007.* * Lowe et al. published
considerably lower numbers from the prospective National Tonsil Audit
in United Kingdom 2007, with an overall haemorrhage rate of 3.5%.
From Germany, Windfuhr** has reported a haemorrhage rate of 5.98%
after TEXAE in 2010 and 2013. Tomkinson et al. found a primary
haemorrhage rate of 0.1% and a secondary haemorrhage rate of 1.8%
after TEXAE based on data from the Surgical Instrument Surveillance
Program (SISP) in Wales, 2003-2008.% Blakely suggested, in a review
published 2009, an expected mean bleeding rate of 4.5%+9.4% (2SD)
after tonsillectomy as acceptable and that rates above this range justify
monitoring.'"®® The Swedish rate of secondary haemorrhage after
tonsillectomy of 8.0% (2009-2017) from paper IV are according to this
recommendation within the expected range.

Paper Il identified male gender, increasing age, infectious indication,
tonsillectomy as the surgical method and outpatient care as risk factors
for haemorrhage. Male gender and increasing age are known risk factors
for postoperative haemorrhage after tonsillectomy.* 2 8 839293 Infectious
indication, most often recurrent/chronic tonsillitis or peritonsillar abscess,
have been found by others to be a risk factor for PTH, however Sarny et
al. found no increased risk for recurrent tonsillitis, and lower risk for
abscess tonsillectomy compared to all indications.?> ® #2112 Most
studies on risk factors report solely for tonsillectomies, and for that
reason few studies have evaluated surgical method as a potential risk
factor. However, most comparisons between tonsillectomies and
tonsillotomies have showed significantly lower risk of PTH after
tonsillotomy. ' 4! 43123
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Surprisingly, outpatient surgery was found to be a risk factor for
secondary haemorrhage in the univariable, but not the multivariable
model. Previous studies agree on the safety of outpatient tonsil surgery
and generally no difference in PTH rates related to level of care have
been found.'”'* The explanation for this finding in paper II was
suggested related to a bias created when comparing a large group of
inpatient surgeries performed early in the study period, when
haemorrhage rates were low, with an outpatient group with higher
number of surgeries performed late in the study period, when
haemorrhage rates were higher.

Unfortunately, information on the surgical technique used is not
available in the NPR, hence the risk of PTH related to surgical technique
could not be determined. Most studies agree on a higher risk of
secondary haemorrhage after tonsillectomy performed with warm
techniques.*® * % %

5.3 Is tonsillectomy for recurrent/chronic throat
infections warranted?

In all surgical decision-making, the anticipated benefit for the individual
patient must be weighed carefully against the risk of complications or
adverse effects. Providing evidence-based estimates of expected positive
outcomes with regards to treating the pathology along with accurate rates
of complications is vital for obtaining a truly informed consent, when
surgery is indicated.

The effect of tonsillectomy is, as shown in paper I, modest with regard to
reducing medical care visits in moderately or less affected children and
adults. Children who underwent surgery had on average 0.283 fewer
visits per year compared to patients who did not undergo surgery, while
the difference in reduction was smaller in adults, -0.111. The relative rate
reduction the first year after surgery was 60% in children and 69% in
adults with 7 or more infections before surgery, but the confidence
intervals were large suggesting great insecurity in these estimates, and
more importantly, and the main argument against surgery in these
patients, is that the non-surgically treated patients had few medical care
visits already within the first year of observation. The relative rate
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reductions were based on already low rates in patients not receiving
surgery. These results have been confirmed by randomized controlled
trials.*® 3 > If, as suggested by Burton et al. in the Cochrane review 2014,
the surgical events were counted in as one additional medical care visit in
all surgically treated patients, the small observed effect of surgery would
have been eliminated.

Patients are generally satisfied with the benefit of tonsillectomy, and
there are several studies showing improvement in disease-specific and/or
global quality of life.®' © However, no study will ever have the ability to
confidently determine if the experienced effect is caused by the
intervention, the benign nature of the disease or is a consequence of a
regression to the mean. Again, a high degree of spontaneous resolution of
symptoms in non-surgically treated patients favours against surgery.

Paper IV described an 8.0% mean admission rate for haemorrhage after
tonsillectomy from 2009-2017 and adding primary haemorrhage would
give a rate of approximately 9.0%. Revisits or readmissions for
fever/dehydration after tonsillectomy are not uncommon.’® 7 * Rare
serious adverse events may happen, including fatal events. In paper 111
both fatal events were due to bleeding, a finding in accordance with most
previous reports, with mortality rates ranging from 1/ 1000 to less than
1/170 000." 70 72119127131 pain is inevitable after tonsillectomy, Paradise
et al. reported a mean of 4.9 and 6.3 days with pain in children, Alho et
al. 13 days in adults.’”*? 363 %2 Burton et al. found a reduction of 4-5 days
with sore throat after tonsillectomy children, counting in days of pain
related to the surgical procedure. The corresponding number in adults
were 10.6 days, but this estimate was not adjusted for the days of
postoperative pain.

Surgery often requires days off work or school in the postoperative
period, a recent Swedish study found an average of 6.2 days of work for
caregivers after tonsillectomy in children with an average indirect cost of
1010 EUR.'* There are on the contrary evidence for overall fewer days
of missed school or work in children after tonsillectomy, but only for the
first year after surgery.'*

In conclusion, if evidence-based medicine is the ideal, there seems to be
an unattractive risk-benefit balance for tonsillectomy as treatment for
recurrent throat infections in patients not fulfilling the Paradise criteria.
This reflection will, however, not change the fact that some patients
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continue to have recurrent episodes of acute tonsillitis until their tonsils
are removed. In the early Paradise study” approximately 15% of the
patients in the control group were withdrawn by their patients and
received surgery each of the three follow up years. These patients had
consistently higher number of throat infections compared to the
remaining patients in the control group. The results in paper I cannot be
generalized to severely affected patients (those fulfilling the Paradise
criteria) since the disease burden with regard to the number of medical
care visits was too low. Currently, we are not able to distinguish between
the patients who will improve spontaneously from those who will
continue to have infections. If the results in paper I is to be believed, a
reasonable compromise would be to prolong the period of watchful
waiting (for no longer than a year) for most patients not severely
affected.

A few retrospective studies have shown comparable effects of
tonsillotomy for treating recurrent tonsillitis.'**"*” With the knowledge of
the lower risk of bleeding and less postoperative pain with this procedure
compared to tonsillectomy, the risk-benefit calculations would be quite
different. However, further research is needed to determine the role of
tonsillotomy in treating recurrent tonsillitis.
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5.4 Limitations

All studies in this thesis are retrospective cohort studies. Historically, the
role of this study design is to monitor and investigate the clinical practice
provided and generate hypotheses that later can be tested in randomized
controlled trials. The study design does not offer any possibility to
control possible confounding factors; hence, potential causal
relationships must be carefully interpreted. Using medical care registers
based on coding of medical conditions and procedures is also
problematic. The quality of the output is no better than the quality of the
input. Errors do occur in diagnostic practice, and variables able to be
included in studies are limited to the variables available in the registers.

Paper |

There are four main concerns with the study design in paper .

The intervention and control groups had few medical care visits during
the follow-up period, and it is plausible that regression to the mean is part
of the explanation for this. The effect of this bias is anticipated to be
greatest for the patients with the highest number of preoperative medical
care visits. However, intergroup differences should be unaffected by this
phenomenon, and the long preoperative observation and long
postoperative follow up should minimize this bias. Using the mean yearly
visits rates of a three-year period of follow-up as a primary outcome
variable was aimed at reducing the risk of regression to the mean.”®

Due to the retrospective design and limited number of variables available
in the VEGA register, it was not possible to evaluate the circumstances
leading to the decision for surgery in the included patients; hence,
selection bias may have occurred. It is possible that the surgical group
comprised of more severely affected patients compared to the control
group, hence their selection for surgery. The number of medical care
visits is only one measure of disease burden; other studies have used days
with sore throat, days with fever, days off school or work, or quality of
life measures to complement the evaluation of morbidity and disease
severity. These variables are unfortunately not available in the VEGA
register. The aim of the matching procedure was to minimize selection
bias.

The quality of coding in the primary care sector in Sweden is not known.
Distinguishing between tonsillitis and pharyngitis can be difficult or

DISCUSSION 57



impossible, as these diseases can co-exist. A national guideline to aid in
diagnostic practice and treatment of throat infections in the primary care
setting exists; however, this guideline treats tonsillitis and pharyngitis as
one entity, pharyngotonsillitis.”® In paper I, the difficulties in diagnostic
practice were clearly demonstrated by the observed coding of tonsillitis
in surgical patients after removal of the tonsils. However, since both
pharyngitis and tonsillitis codes were included in the qualifying codes for
a relevant medical care visit, this bias was most likely of minor
importance.

Great controversy exists to whether chronic tonsillitis constitutes a
separate medical condition and if it does, there is no consensus regarding
the biological background for recurrent vs chronic tonsillitis. The French
guidelines for paediatric tonsillectomy define chronic tonsillitis as local
and regional signs of inflammatory disease related to the tonsils with
symptoms such as pharyngeal pain, halitosis, and cervical adenopathy.'*
Burton et al. suggest that chronic tonsillitis be defined as symptoms of
tonsillitis present for more than 3 months.’” Windfuhr et al. stated in a
clinical guideline for the management of tonsillitis and a systematic
review of indications for tonsillectomy (2016) that terms such as “sore
throat”, “chronic” and “recurrent acute tonsillitis” are poorly defined and
used inconsequently in the literature, and that the term “chronic
tonsillitis” should no longer be used.?3¢

The definition problems are exacerbated in paper I by the fact that
chronic tonsillitis has a unique code in the ICD10 coding system while
recurrent tonsillitis does not, hence a differentiation between recurrent
and chronic tonsillitis was not possible. Unfortunately, the new ICD-11
coding system does not seem to make the distinction any clearer.'* If
chronic tonsillitis is to be considered different from recurrent tonsillitis,
the reduction in medical care visits may not be the best way to estimate
the effect of tonsillectomy, and the results of paper 1 could underestimate
the true effect of the procedure.

Paper Il

All data in paper II were retrieved from the NPR. No published
validation of outpatient procedures in the NPR exists. An external review
and validation of inpatient data in the NPR was published in 2011 by
Ludvigsson et al., and in this article, the coverage of outpatient
procedures based on data from 1997-2007 was 80%, with missing data
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primary from private caregivers.”’ No description of how this proportion
was estimated has been found in the original reference, which instead
states that of the reported visits in outpatient care 80% have information
on a primary diagnosis."* However, paper IV included matched data on
the number of surgeries in the NPR and the NTSRS and found a coverage
rate of the NPR compared to merged data of 94.6%. This is the best
estimate we have on the coverage of tonsil surgeries in the NPR, and it is
probably close to the true number. The Swedish ENT community is small
and transparent, and by the authors knowledge no large volume units
offering tonsil surgery services fail to report to any register.

Papers II (and III and IV) are based on inpatient and outpatient data from
the NPR defined by ICD codes. The validation of inpatient care reported
by Ludvigsson et al. consisted of comparisons between ICD coding in the
NPR and information available in the medical records of the patients. The
study reported a positive predictive value (PPV) of diagnoses in the NPR
of 85-95%, but throat-infection related diagnoses or tonsil surgery were
not among the evaluated diagnoses. Different possible errors of
diagnostic practice were discussed in the article. Diagnostic error means
the patient received an ICD code that did not cover the complaint, and
translation error means that the code listed in the patient chart was not
correctly transferred to the NPR. Coding errors comprise the use of the
wrong ICD code for an otherwise correct diagnosis. All these different
coding-related challenges influence the quality of the output from the
NPR. In addition, the NPR is currently used to direct governmental
reimbursement for care provided, and there is a financial incentive for the
selection of diagnostic codes that offer the better reimbursement. The
positive predictive values of the diagnoses of the patients included in
paper 11, III, IV are probably in the higher end of the estimate provided
by Ludvigsson et al., since a readmission for haemorrhage required a
previously registered surgical event.

Readmission for haemorrhage was defined as readmission within postop
day 1 and 30 with an ICD-10 code suggesting bleeding from the head and
neck. The codes defining bleeding were found by manually going through
the list of all ICD codes, and were quality checked with their actual
observed frequencies in our cohort. It is possible that important codes
used for haemorrhage were left out, and also that haemorrhage events not
related to the surgery was erroneous included as PTH. The list of
qualifying codes used to define haemorrhage in paper Il was somewhat
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more extensive than the list used in paper IV. The codes left out in paper
IV were all S-codes, most often used to code injuries to the head/neck,
and they occurred in very low frequencies, hence this discrepancy is
unlikely to have influenced the results in any major way.

It is also possible that the admitting physician used the code for the
indication for surgery when readmitting a patient for haemorrhage. In
conclusion the NPR is not validated for tonsil surgery codes, and the
codes defining haemorrhage in paper II (and IV) were also not validated.

A large decrease in the number of tonsil surgeries was observed between
1996 and 2008. No obvious explanation for this was found, even after
contact with the NBHW. It is possible that a weakness in reporting or a
failure in data collection occurred, as a true decrease of this magnitude is
considered less likely. The ICD-10 was implemented in 1997, replacing
the ICD-9 coding system, and this could be a possible explanation for
reporting problems. An error in reporting the number of surgeries, if such
an error exists, could have a noticeable impact on the estimated
haemorrhage rates, calculated directly as the number of readmissions for
haemorrhage divided by the number of tonsil surgeries.

All studies of haemorrhage complications after surgery should include
both a description of frequency and severity. One of the main reasons for
the great variation seen in reported haemorrhage rates after tonsil surgery
is probably differences in definitions of haemorrhage.’* Unfortunately the
NPR does not contain information on the severity of haemorrhage
beyond information on reoperation. The value of information on severity
of PTH was impressively demonstrated by Sarny et al., which used this
information to issue a recommendation for readmission to hospital for all
patients experiencing a minor postoperative haemorrhage for 1 night, as
41% of patients with a minor bleeding episode experienced a second
severe bleeding episode the following day.*3

Many analyses were performed in paper II, and one could argue that
using 99% CI intervals when analysing the data would have been more
appropriate according to the principles of Bonferroni. Looking at the data
from the paper, however, this would have had no impact on the results,
given that most tests were highly significant.
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Paper llI

Studying exceedingly rare events is difficult and not practically possible
with RCTs. The study design in paper III was very simple and did not
involve any advanced statistical tests. The problem, however, is the
inherent instability of the mortality rate estimate. Missing one single fatal
event would drastically change the mortality rate, and for this reason
even with over 82 000 observations, the confidence interval was very
wide. Again, an advantage of being a small country with a small
transparent ENT community is that, when fatal events occur, they tend to
draw attention and rarely go by unnoticed.

Paper IV

Paper IV has several limitations. Data in the NTSRS rely on
questionnaires filled out by surgeons and patients. The questionnaires
have not been formally validated, and therefore, the quality of data in the
NTSRS is not known. The response-rate from 2009-2017 was 54.1%,
which is acceptable from an international perspective but far from
complete. The NTSRS had a mean coverage of 75.2% of tonsil surgeries
compared to the merged cohort. This means that data on admission for
haemorrhage was only available for 40.8% of the surgical population
defined by the merged cohort. Comparing responders and non-responders
to the NPR revealed a significantly higher haemorrhage rate in
responders compared to non-responders and patients with haemorrhage
were more likely to respond to the 30-day questionnaire. This introduces
a risk of attrition bias or participation bias.

Paper IV compared true readmissions for haemorrhage in the NPR with
admissions (without a specified timeframe) for haemorrhage in the
NTSRS. These variables may not be directly comparable. The importance
of this limitation is handled in the discussion.

In addition, the limitations related to the quality of coding and the
definition of postoperative haemorrhage in the NPR, as described in the
paper Il limitations, also apply to paper V.
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Conclusions

Tonsillectomy is not clinically effective in reducing medical care visits
for tonsillitis or pharyngitis in moderately or less affected children and
adults. Statistically, there was a small reduction in mean yearly number
of medical care visits after surgery compared to the reduction observed in
non-surgically treated patients. The effect of surgery was more
pronounced for children, for patients with a higher number of medical
care visits before surgery and for the first follow-up year. Most patients
had few medical care visits in the follow-up period regardless of surgical
intervention.

The readmission rate for haemorrhage from 1987-2013 was 2.61% while
the reoperation rate for haemorrhage was 0.84%. The rate increased from
1.12% in 1987 to 4.80% in 2013. The increase in readmission rate was most
pronounced for adults who underwent tonsillectomy for infectious
disease. Independent risk factors for haemorrhage were male gender,
increasing age, infectious indication and tonsillectomy as surgical
method.

The mortality rate after benign tonsil surgery in Sweden was 1/41 263
surgeries.

High inter-rater reliability for reporting of haemorrhage events between
the NPR and the NTSRS was found for all surgical methods. Merging of
data increased the number of surgeries and haemorrhage events available
for calculating the admission rate for haemorrhage in Sweden (secondary
haemorrhage rate).

In summary, the effect of tomsillectomy for recurrent/chronic throat
infections, if measured by a reduction in medical care visits, does not
seem to justify the risks associated with the procedure in patients
moderately or less affected.
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Future Perspectives

Ideally, a new RCT to evaluate the benefit and complication rates for
tonsillectomy performed for recurrent and chronic tonsillitis,
differentiated, is needed, at least in adults. A randomized controlled trial
of the clinical and cost effectiveness of tonsillectomy in adults is ongoing
in the UK (The NATTINA study, www.nattina.com).** The study closed
for inclusion in April 2018, with 453 participants from 22 sites in the UK,
and results are expected to be published 2020. The study included patients
> 16 years of age with recurrent tonsillitis fulfilling the Scottish SIGN
guidelines for the number of preoperative infections, which are identical
to the Paradise criteria."** The primary outcome measure will be the
number of sore throat days over a period of 24 months after surgery. The
secondary outcome measures will be frequency, severity, health and
economic impact of any sore throat episodes experienced, QOL
measurements, the number of adverse events, and qualitative feedback
from patients and clinicians.

Each of the ambitious Paradise studies took over 10 years to complete,
and it is unlikely that a new RCT evaluating tonsillectomy for recurrent
tonsillitis in children would be undertaken within the near future. A large
number of patients would need to be screened and included to enable the
necessary subgroup analyses, and a high level of crossover would be
expected, at least in severely affected children. The NATTINA study
offered patients deferred surgery to avoid cross over, but this may be
harder to achieve in children. However, an RCT comparing tonsillectomy
to tonsillotomy in children as treatment for recurrent throat infections is
not unlikely to see the light of day within a foreseeable future.

Based on this thesis there is a need to revise the Swedish
recommendations for performing tonsillectomy for recurrent tonsillitis.
The required number of qualifying infections should probably be raised to
the level of the Paradise criteria, since this is the only cut off with
evidence of a clinically relevant effect. Based on paper I, up to a year of
watchful waiting should be used for patients not fulfilling the criteria on
initial evaluation. In addition, the criteria should be formulated more
precisely with regard to the qualifying period for infections, and a clear
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differentiation between chronic and recurrent tonsillitis is desirable. There
are no relevant studies published on the effect of tonsillectomy on
chronic tonsillitis, so no recommendations for this entity can be made.

A standardized reporting system for postoperative haemorrhage after
tonsillectomy, preferable including timing, location and severity of the
bleeding would enable easier comparisons between reported rates and
can be useful in designing guidelines or algorithms for the treatment of
these patients.®3'45

The secondary haemorrhage rates in Sweden are decreasing according to
paper V. This is probably due to an increased focus on this complication
and more careful use of warm techniques for dissection and haemostasis.
This knowledge would not have been available without the NTSRS. An
increase in both coverage and completeness and response rate to the 30-
day questionnaire would lead to even better data output from the register.
Most importantly, however, validation of the NTSRS is planned and
expected to be initiated 2020.
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TOI‘ISi"Operation Personnummer:
peroperativ Namn:

enkat. e-post:

Reviderad version 161110 Datum nar enkéten fylls i:
* obligatoriskt Operationsdatum*:

Huvudindikation* (endast ett alternativ)

[] Luftvagsobstruktion/snarkning
/hypertrofa tonsiller

[ ] Upprepade tonsilliter

[ ] Peritonsillit

[] Kronisk tonsillit

[] Systemkomplikation till tonsillit

Operationsteknik

[ ]Kallt stal

[]Radiofrekvens

[ ]Diatermisax

[ ]Ultracision

[ ]Dissektion med bipolar diatermi

Blédningskomplikationer
Postoperativ blédning som kravt atgard?
Om ja, vilken atgard?
[] Cyklokapron/Octostim

Vardform
[] Dagkirurgi [] Slutenvard

Tonsillektomi a chaud
[] Ja [] Nej
Operationsmetod*
[] Tonsillektomi EMB10
[] Tonsillektomi + abrasio EMB20
[] Tonsillotomi EMB15
[] Tonsillotomi + abrasio EMB15 + EMB30

Blodstillningsmetod (utéver kompression)
[] Infiltrationsanestesi med adrenalin
[] Unipolar diatermi
[] Bipolar diatermi
[] Ligatur
[] Suturligatur (omstickning)
[] Radiofrekvens

[JJa [INej

[] Stillande av blédning i narkos

[] Transfusion [ ] Annat
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) Tonsilloperationsregistret,
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PATIENTENKAT

Fylls i 30 dagar efter tonsilloperation

Reviderad version (180301)

Du/ditt barn har blivit opererad fér halsmandlarna fér ca 30 dagar sedan. For att kunna forbéattra
varden ar det viktigt att fa veta om komplikationer har uppstatt efter operationen. Vi ar angeldagna
om dina/ditt barns svar dven om allt har varit besvarsfritt. Om du ar vardnadshavare eller annan
anhorig vill vi att du besvarar fragorna som du tror att barnet upplever sin situation.

Tack pa forhand for Din medverkan!

NaMIN: e Patientens personnummer: .........c.cccvvvevninnn..

00Ty =T T PPN
(6 manader efter genomford operation kommer du aterigen tillfragas att besvara en enkat. Om du onskar att den
skickas via epost, ange har aktuell epostadress.)

Du som fyller i enkaten ar [] den som opererats ] anhdrig/annan

Har du kontaktat sjukvarden pa grund av blddning fran halsen? []Ja [ ]Nej
Om Ja, hur manga dagar efter operationen borjade det bloda? ........cccovviviiiiiiiiiiiiin,

Har du blivit inlagd pa sjukhus pa grund av blédning fran halsen? [JJa [INej
Om Ja, pa vilket sjukhus blev duinlagd? ........c.oiiiiii i
Utfordes ytterligare operation p g a blédning? [JJa [ INej

Uppstod nagon infektion under vardtiden eller inom 30 dagar efter
operationen? []Ja []Nej
Om Ja, vilken sorts INfEKtION? ......c.oei e

Har du kontaktat sjukvarden pa grund av infektionen? [JJa [ INej
Har du fatt antibiotikabehandling pa grund av infektionen? [JJa [ ]Nej
Har du kontaktat sjukvarden pa grund av smarta efter operationen? []Ja [ ] Nej

Hur manga dagar efter operation tog du smartstillande lakemedel? ..........cooiiiiiiiiiiiiiine.
Hur manga dagar efter operation borjade du dta vanligmat? .........ooooiiiiiiiiiiiiieee

Har informationen som du fatt, stdmt med hur du upplevde operationen

och tiden efter? [JJa [ ]Nej
OM NEj, Vad StAMAE INTE? .. vttt e e et et e et et e et e e e e e te e eaeeaaeaeanas

Har du tagit del av patientinformationen pa www.tonsilloperation.se? [Jsa [ ]Nej
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PATIENTENKAT

Fylls i 6 manader efter tonsilloperation

Reviderad version (161110)

Du/ditt barn har blivit opererad fér halsmandlarna for ca 6 manader sedan.
For att kunna forbattra varden ar det viktigt att fa veta hur dina/ditt barns besvar
har fordndrats efter operationen. Om du ar vardnadshavare eller annan anhorig
vill vi att du besvarar fragorna om hur du tror att barnet upplever sin situation.
Tack pa forhand for Din medverkan!

1IN 08 0

Patientens PersONNUMMIET: ... .u it e e e ee e e e a e enaees

Du som fyller i enkdten &r ] den som opererats [] anhérig/annan
Satt kryss i den ruta som bast stimmer in pa Din/Ditt barns situation:

|:| Besvaren ar borta

[] Jag har blivit ganska bra fran mina besvar

] Jag har kvar mina besvar

[] Mina besvar har forvarrats

Har Du/Ditt barn fatt andra besvar? [lJa [ Nej

OM A, VIl KT e

Tonsilloperationsregistret
ONH-registret, Registercentrum Véstra Gétaland,
413 45 Géteborg
‘ ordférande Joacim Stalfors
Jjoacim@stalfors.se
Tonsilloperationsregistret







 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
      

        
     D:20191018095626
      

        
     AllSame
     0
            
       D:20160905152841
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     0
     550
     152
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     1
     2
     1
     2
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
      

        
     D:20191018095647
      

        
     AllSame
     0
            
       D:20160905152841
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     0
     550
     152
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     2
     1
     2
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
      

        
     D:20191018095754
      

        
     AllSame
     0
            
       D:20160905152841
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     0
     550
     152
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     2
     1
     2
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
      

        
     D:20191018095839
      

        
     AllSame
     0
            
       D:20160905152841
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     0
     550
     152
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     13
     14
     13
     14
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
      

        
     D:20191018095932
      

        
     AllSame
     0
            
       D:20160905152841
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     0
     550
     152
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
      

        
     D:20191018100032
      

        
     AllSame
     0
            
       D:20160905152841
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     0
     550
     152
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     8
     7
     8
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
      

        
     D:20191018100119
      

        
     AllSame
     0
            
       D:20160905152841
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     0
     550
     152
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     14
     13
     14
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20191018094518
      

        
     32
            
       D:20160905152841
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     1
     0
     No
     325
     247
     None
     Right
     14.1732
     0.0000
            
                
         Both
         185
         AllDoc
         200
              

       CurrentAVDoc
          

     Uniform
     28.3465
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     94
     93
     94
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.614 x 9.528 inches / 168.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20191018135621
      

        
     32
            
       D:20160907150051
       685.9843
       168x242
       Blank
       476.2205
          

     Tall
     1
     0
     No
     325
     247
     None
     Right
     14.1732
     0.0000
            
                
         Both
         185
         AllDoc
         200
              

       CurrentAVDoc
          

     Uniform
     28.3465
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     154
     153
     154
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all odd numbered pages
     Request: bleed left 0.00, right 8.50, top 0.00, bottom 0.00 points
     Bleed area is outside visible: no
      

        
     D:20191018135720
      

        
     0.0000
     1
     0.0000
     0.0000
     0
     481
     266
     8.5039
     Margin
            
                
         Odd
         AllDoc
              

       PDDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     154
     152
     77
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all even numbered pages
     Request: bleed left 8.50, right 0.00, top 0.00, bottom 0.00 points
     Bleed area is outside visible: no
      

        
     D:20191018135720
      

        
     0.0000
     1
     8.5039
     0.0000
     0
     481
     266
     0.0000
     Margin
            
                
         Even
         AllDoc
              

      
       PDDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     154
     153
     77
      

   1
  

 HistoryList_V1
 qi2base





