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Future of pediatric tonsillectomy and perioperative outcomes
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A B S T R A C T

Objective: Although commonly performed, pediatric tonsillectomy is not necessarily a low risk procedure

due to potentially life threatening perioperative complications. There is paucity of literature on lethal

anesthesia and surgical complications of tonsillectomy. In this article, we have reviewed both minor and

serious complications following tonsillectomy. Hemorrhage, burn injuries, respiratory complications,

postoperative nausea and vomiting, and pain management are discussed. We have highlighted our practice

of pain management at Cincinnati Children’s Hospital after tonsillectomy recent warning about codeine by

the FDA on children undergoing tonsillectomy. We describe post-tonsillectomy outcomes including

postanesthesia care unit stay, post discharge maladaptive behavioral outcomes and finally effective ways to

identify children at risk for anesthesia and a few preventive strategies.

Methods: In addition to literature review, the LexisNexis ‘‘MEGATM Jury Verdicts and Settlements’’

database was reviewed from 1984 through 2010 for deaths and complications during and following

tonsillectomy. Data including year of case, cause of death, surgical, anesthetic and postoperative opioid

related complications, injury, case result, and judgment awarded were collected and analyzed.

Results: The results of this analysis are presented with an emphasis on hemorrhage and on anesthesia

and opioid related claims and their characteristics. Two hundred and thirty-three claim reports were

reviewed. There were 96 deaths (41%) and 137 perioperative injuries (59%). Deaths were primarily

related to surgery (n = 46, 48%) with post-tonsillectomy bleed the most frequent cause (n = 38, 40%)

followed by opioid toxicity (n = 17, 18%) and anesthesia complications (n = 9, 9%). Non-fatal injuries

included, postoperative bleeding (n = 59, 25%), impaired function (n = 29, 12%), anoxic events (n = 20, 9%)

and postoperative opioid toxicity (n = 20, 8.6%). Anoxic event was noted to have the highest monetary

award with a mean award at $9,017,379. Injuries (including anoxia) had higher mean monetary awards

than deaths.

Conclusion: Tonsillectomy in children carries a high risk of perioperative complications and malpractice

claims. Though postoperative bleeding is the most common complication associated with malpractice

claims, anoxia related to anesthesia and opioids had the greatest overall risk from a monetary

standpoint.

� 2012 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Tonsillectomy is the second most commonly performed
surgical procedure on children in the United States with over half
a million procedures performed in 2006 [1]. Ambulatory tonsil-
lectomy procedures, in particular, have almost doubled over the
last decade with only <3% of tonsillectomies being done in the
inpatient setting [2]. The common indications for tonsillectomy
include recurrent throat infections and sleep-disordered breathing
(SDB) [3]. The incidence of tonsillectomy shows a bimodal age
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distribution, with the first peak between ages 5 and 8 years and a
second peak between ages 17 and 21 years [4].

Over time, more children are diagnosed with SDB and treated
with tonsillectomy [4]. Sleep disordered breathing can range from
primary snoring to the presence of obstructive sleep apnea (OSA).
The prevalence of primary snoring is 4.5–7.7% [5]. The prevalence of
OSA in children is in the range of 1–4% [6]. Primary snoring is a
significant risk factor for hyperactive behavior, inattentive behavior,
daytime sleepiness, and is also an independent risk factor for poor
school performance [5]. The presence of OSA also reduces the quality
of life determinants. The quality of life of children with OSA is
comparable to those with a chronic condition like juvenile
rheumatoid arthritis [7]. The severity of sleep apnea is important
as it can predict the risk of postoperative adverse outcomes [8].

Tonsillectomy in children is associated with significant health
benefits, including prevention of the sequel of obstructive

http://dx.doi.org/10.1016/j.ijporl.2012.10.016
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breathing such as behavioral problems, improved neuro-cognition
and quality of life scores [9]. Adenotonsillectomy also improves
right ventricular performance and reduces mean pulmonary artery
pressure in children with significant adenotonsillar hypertrophy
[10]. However, tonsillectomy can be associated frequently with
inadequate postoperative pain, nausea and vomiting, need for
extended monitoring in children with SDB, delayed discharge from
hospitals and not uncommonly with unexpected hospital admis-
sions following outpatient tonsillectomy and emergency room
visits for postoperative problems. Tonsillectomy is also associated
with morbidity that includes postoperative bleeding, prolonged
pain, risks of anesthesia and surgery, and occasionally mortality
from bleeding and opioid related respiratory depression; these
mortalities and morbidities in children represent significant
societal and economic burden and they are frequently associated
with litigations.

2. Objective

Although the number of tonsillectomy procedures is increasing,
there is a wide variation in the management of patients across the
globe and also within hospitals in the United States and other
countries. The purpose of this review is to focus on both minor and
severe perioperative complications and focus on surgical, anesthe-
sia and analgesia related outcomes. Serious perioperative com-
plications and malpractice claims involving deaths and
complications following tonsillectomy with an emphasis on
anesthesia and opioid related claims and their characteristics is
reviewed. The identification of high-risk children for anesthesia
and poor perioperative outcomes, and the best-practice based on
evidence-based guidelines where available are discussed.

3. LexisNexis ‘‘MEGATM Jury Verdicts and Settlements’’

Two hundred and thirty-three claim reports were reviewed.
There were 96 deaths (41%) and 137 perioperative injuries (59%).
Deaths were primarily related to surgery (n = 46, 48%) with post-
tonsillectomy bleed the most frequent cause (n = 38, 40%) followed
by opioid toxicity (n = 17, 18%) and anesthesia complications
(n = 9, 9%). Non-fatal injuries included, postoperative bleeding
(n = 59, 25%), impaired function (n = 29, 12%), anoxic events
(n = 20, 9%) and postoperative opioid toxicity (n = 20, 8.6%). Anoxic
event was noted to have the highest monetary award with a mean
award at $9,017,379. Injuries (including anoxia) had higher mean
monetary awards than deaths.

4. Postoperative complications

4.1. Hemorrhage

Post-tonsillectomy bleeding (PTB) is divided into primary
(reactionary) and secondary hemorrhage. Primary (within 24 h
of surgery) ranges from 0.2% to 2.2% and secondary hemorrhage
from 0.1% to 3% [11]. Hemorrhage contributes to substantial
morbidity and mortality by resulting in longer observation times,
admission or readmissions, and legal claims due to inadequate or
negligent care. A recent publication based on the LexisNexis legal
claims database examined in detail surgery related complications
associated with tonsillectomy. This database demonstrated that
postoperative bleeding and soft tissue injuries including burns
were common causes for malpractice claims [12]. Hemorrhage is
considered to be one of the most serious complications of
adenotonsillectomy and most commonly occurs between post-
operative days 5 and 10 as a result of premature separation of the
scab and is often unrelated to surgical technique [13]. A systematic
review of PTB demonstrated that the incidence of bleeding has
remained constant in several studies, suggesting that despite the
disproportionate attention PTB receives, these cases may not be
easily preventable [14].

In our review of the LexisNexis database, PTB represents a
significant portion of the malpractice claims against otolaryngol-
ogists. In the two cases with the highest malpractice payments, the
complication was not directly related to blood loss but to airway
complications as a result of the bleeding. A 5.35 million dollar
settlement was reached for ‘‘difficult intubation secondary to
bleeding’’ resulting in anoxic brain injury and a 3 million dollar
settlement was reached because of death secondary to aspiration
of blood (personal communications: Sadhasivam, MD, 2012). This
indicates that while postoperative bleeding remains an important
source of malpractice, blood loss may not be the only complication
and an important focus should continue to be a safe and stable
airway.

4.2. Burn injuries

Burn injuries during tonsillectomy had been reported as the
most common single-cause of surgical malpractice claims [15].
Defective electro cautery device tips, operator error, conduction
through a metal instrument, and lack of insulation in a cautery
device were the most commonly identified causes of burn [16].

4.3. Respiratory complications

Despite being a common procedure, tonsillectomy can be
associated with significant morbidity and/or death, particularly in
the setting of hypoxic events [17,18]. The incidence of fatal
respiratory events following tonsillectomy in children is twice that
of adults, and these events occur more frequently in younger
children and those with co-morbid conditions [17,19,20]. Children
with OSA pose a special problem in the perioperative management
of tonsillectomy. Respiratory complications are more common in
children with OSA and the rate of complications is inversely
proportional to age. Children younger than 2 years of age had
adjusted odds of 4.3 (95% CI: 1.7–11) for the occurrence of
respiratory complications [21]. Recurrent hypoxia in children with
OSA may alter central opioid responsiveness making them more
sensitive to the effects of opioids [22].

4.4. Postoperative nausea and vomiting

Postoperative nausea and vomiting (PONV) is a distressing
complication following tonsillectomy and may cause prolonged
discharge from PACU. Prophylaxis with one or more anti-emetics
and/or dexamethasone is shown to be effective. Serotonin (5-
hydroxytryptamine; 5-HT3) antagonists such as ondansetron are
commonly used antiemetic drugs for prophylaxis in children
because of their greater efficacy in preventing vomiting than
nausea. It is frequent to combine this drug with dexamethasone
and results in greater efficacy [23]. The panel by American
Academy of Otolaryngology – Head and Neck surgery guidelines
made a strong recommendation that clinicians should administer a
single, intraoperative dose of intravenous dexamethasone to
children undergoing tonsillectomy [24].

4.5. Post-tonsillectomy pain management

Tonsillectomy is associated with significant postoperative pain
and inflammation [25]. Oral opioids such as codeine are
frequently used to manage pain after hospital discharge. There
are many reported deaths (Table 1) [26–28] and unreported
deaths following tonsillectomy due to respiratory depression
from opioids in variations in liver microenzyme, CYP2D6 and



Table 1
Pediatric case reports of adverse effects following codeine.

Reference author (year) Age Codeine dose Indication CYP2D6 Codeine morphine

serum levels

ADR/(confounders)

Shipton (1984) [29] 3 years Est. 18 mg

(1000 mg salicylic

acid)

Accidental NR NR Coma reversed with naloxone

(seizure x 2, black bloody emesis)

Kintz (1991) [30] 19 years NR Abuse NR C = 22.1 mcg/ml

M = 0.18 mcg/ml

Death (blood ETOH 1.25 g/L)

Magnani (1999) [31] 29 days 0.63 mg/kg/dose Cough NR C = 0.48 mcg/ml

M = 0.04 mcg/ml

Death (severe bronchitis,

bronchiolitis)

Voronov (2007) [27] 29 months 1.75 mg/kg/dose

(5 doses)

Post TA pain *1/*2A EM

(reported

as UM)

NR Apneic, nonresponsive (sleep

apnea history)

Ciszkowski (2009) [28] 2 years 10–12.5 mg q 4–6 h

(1–3 mg/kg/d)

Post TA pain Duplicate

function

allele

UM

C = 0.70 mcg/ml

M = 0.032 mcg/ml

Death (hx sleep apnea; wheezing a

nd fever postoperative day 1;

bronchopneumonia

on autopsy)

Hermanns-Clausen

(2009) [33]

3.25 years

(Twins)

10 drops/dose

(up to 23.5 mg/dose)

once a day � 6 days

Cough *1/*1

EM

Twin 1

C = 0.179 mcg/ml

M = 0.033 mcg/ml

Twin 2

C = 0.587 mcg/ml

M = 0.144 mcg/ml

Twin 1 – apneic + emesis, coma

Twin 2 – death (emesis, aspiration)

Kelly LE (2012) [26] 4 years 8 mg/dose, 4

doses at home

Post TA pain *1/*2

UM

M = 17.6 ng/ml Death 1 day after hospital discharge

(sleep apnea history, over weight)

Kelly LE (2012) (26) 3 years 15 mg/dose,

4 doses at home

Post TA pain *1/*1

EM

M = 17 ng/ml Severe bradypnea, oxygen desaturation

65%, re-intubation and ventilation,

naloxone 1.5 mg – successful resuscitation

(sleep apnea history)

Kelly LE (2012) [26] 5 years 12 mg/dose,

6 doses in

24 h at home

Post TA pain UM from

pharmacokinetic

studies

C = 79 ng/ml

M = 30 ng/ml

Death within 24 h of discharge

(sleep apnea history, over weight)

NR: not recorded; C: codeine; M: morphine; TA: tonsillectomy with adenoidectomy; EM: extensive metabolizer; PM: poor metabolizer; UM: ultra-rapid metabolizer.
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relatively excess opioid doses with inadequate monitoring had
been associated with some of the deaths (Fig. 1). Ultrarapid
metabolizers and some extensive metabolizers of CYP2D6
produce relatively more active opioid metabolites resulting in
life threatening adverse effects, especially in young children.
Young and obese children with history of sleep apnea are at higher
risk of developing serious opioid related respiratory depression.

In our review of the LexisNexis database between 1984 and
2010 for death and injury claims following tonsillectomy, to
identify risk factors by category, we specifically looked at
Fig. 1. Codeine and CYP2D6 metabolism. This figure illustrates different metabolic

genotypes of CYP2D6 and phenotypes of codeine effects. CYP2D6: cytochrome P-

450 family enzyme type 2D6; PM: poor metabolizers; IM: intermediate

metabolizers; EM: extensive metabolizers; UM: ultrarapid metabolizers. The bell

shaped curve illustrates approximately distributions of CYP2D6 phenotypes, PM,

IM, EM and UM in the U.S population. At extreme ends, we have clinical problems

with the use of codeine and potentially with other opioids metabolized by CYP2D6

such as tramadol, oxycodone and hydrocodone. PMs have inadequate pain control

from lack or very minimal conversion of codeine (pro-drug) to morphine. UM are

likely to have more side-effects from higher morphine concentrations compared to

other types for a given dose of codeine. Optimal analgesia is a balance of

effectiveness and safety clinically more likely achieved between the two tail ends.
anesthesia and opioid related claims with tonsillectomy (personal
communication: Sadhasivam, MD, 2012). To our surprise, 18% of
death claims and 5% of injury claims (hypoxic brain injury) were
due to opioids. Though, many opioids had been associated with
these claims, the opioid most commonly associated with these
claims was codeine because of its frequency of use in this
population and its unpredictable life threatening risk in ultrarapid
metabolizers even when it is given on an as needed basis.

Around the clock use of safe analgesics following tonsillectomy
is an effective way of treating pain following tonsillectomy. There
are many deaths related to opioids in children [29–31], especially
with codeine following tonsillectomy [27,28,32,33] in young
children due to relative overdose and/or CYP2D6 ultrarapid
metabolizing status. Three recent deaths in children suggest that
codeine and potentially other opioids metabolized by the CYP2D6
pathway cannot be considered safe analgesics for young children
after tonsillectomy, especially those with sleep apnea [26]. These
recent deaths in children following tonsillectomy and a case of
severe respiratory depression who received codeine [26] are
discussed more in detail in Table 1. The children were aged from 2
to 5 years and received codeine in the typical dose range. The
children developed signs of morphine toxicity after a few doses of
codeine on the first or second postoperative day. The children who
died were found to have evidence of being ‘ultra rapid
metabolizers’ and the child who had life-threatening respiratory
depression event was an extensive metabolizer of codeine (Table
1) [26]. These children had their serum morphine levels above
therapeutic levels [26,28]. This suggests that overnight hospital
stay alone may not be able to effectively detect all children at
increased risk of death and life-threatening opioid complications.

Due to limited access to diagnostic tests and insurance coverage
despite reports of deaths with codeine in ultrarapid metabolizers,
CYP2D6 polymorphisms are not routinely screened before
prescribing codeine. Discharging these children home with
codeine and other opioids with unpredictable responses without
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adequate monitoring and safety instructions can mean that a high-
risk patient may go unnoticed. The FDA after reviewing deaths
related codeine in children undergoing tonsillectomy recently
came up a safety warning to prevent serious harm from codeine
after tonsillectomy and other procedures [34] especially in
children with sleep apnea.

Tramadol, oxycodone and hydrocodone are also metabolized by
CYP2D6 similar to codeine [35]. Metabolites of hydrocodone and
oxycodone from CYP2D6 pathway, hydromorphone and oxymor-
phone are about 5 and 14 times respectively more equipotent than
morphine (codeine’s active metabolite). Unlike codeine, oxyco-
done and hydrocodone as parent drugs have analgesic activity and
would be beneficial in CYP2D6 poor metabolizers; however, in
ultrarapid metabolizers, without knowing their CYP2D6 genotype,
prescribing around the clock (ATC) oxycodone and hydromor-
phone in young children at home setting may not be safe practice.
There are certain subset of patients who are at higher risk of
oversedation and respiratory depression such as patients with
sleep apnea, morbid obesity, snoring, no recent opioid use,
postoperative upper abdominal or thoracic surgery or any surgical
incision that impairs breathing, increased opioid dose require-
ments, concomitant use of sedatives like benzodiazepines,
antihistamines, diphenhydramine, sedatives or other central
nervous system depressants, preexisting cardiopulmonary disease
or major organ failure, and smoking.

Despite increasing evidence for the clinical value of genetics
guided pharmacotherapy, pharmacogenetic tests are not readily
being adopted into clinical practice due to inconsistent evidence,
limited access to pre-operative genetic testing and absence of peer-
reviewed guidelines to facilitate transitioning from ‘‘the bench to
the bedside’’. In response to these challenges, the Clinical
Pharmacogenetics Implementation Consortium (CPIC) was devel-
oped to create peer-reviewed, evidence-based, freely accessible
guidelines. The CPIC’s most recent guideline highlights the
importance of genotyping before prescribing codeine and other
opioids metabolized by the CYP2D6 [36].

Two recent cases of codeine related death or life threatening
respiratory depression occurred despite overnight care in hospital.
These children were given age-appropriate codeine doses and
within the recommended weight-adjusted dose of 0.5–1 mg/kg
every 4–6 h (maximum 6 mg/kg/day) [26].

Pediatric OSA is a common condition that presents high rates of
analgesic complications for postoperative pain management.
Three recent patients who had serious complication or death
strongly suggest that codeine, and potentially other opioids
metabolized by the CYP2D6 pathway, cannot be considered safe
analgesics for young children after tonsillectomy especially in
children with sleep apnea [26].

In our own CYP2D6 genotyping study in children (>6 years)
undergoing tonsillectomy, we observed significantly more adverse
effects with codeine at home even when it was administered on as
needed basis (unpublished data: Sadhasivam, MD 2012). The
authors would strongly suggest doing CYP2D6 testing before
prescribing ATC codeine, hydrocodone, tramadol and oxycodone as
all are at least partially metabolized by CYP2D6 pathway,
especially in young children with OSA and other respiratory
comorbidities. Alternatively, using other analgesics (i.e. non-
opioids and possibly oral morphine with appropriate doses) will
lead to safer outcomes following tonsillectomy in young children.

5. CCHMC pain management protocol after tonsillectomy

An alternative and less expensive approach would be to use
safer opioid and non-opioid analgesics in young children [37]. In
our institution, we changed our tonsillectomy practice (in children
<6 years) more than a year ago based on many reported and
unreported deaths related to opioid pharmacogenetics
[25,27,28,32,33] and also on our prospective pharmacogenetic
research in children undergoing tonsillectomy and receiving
morphine in the hospital and codeine at home [38,39]. We
currently use ATC acetaminophen (maximum 75 mg/kg/day),
dexamethasone once a day for 3 days and ibuprofen as needed
beginning from postoperative day 2 (maximum 2 doses per day).
Our practice is not to administer ketorolac in children, due to
increased likelihood of bleeding in the first 24 h after tonsillectomy
as compared to morphine [40]. Routine antibiotic administration is
not recommended and the impact of antibiotic on pain was not
suitable for meta analysis [24,41]. Despite our high volume, we
have not seen any increase in incidence of inadequate pain control,
postoperative bleeding or serious life threatening complications.

6. Prolonged PACU stay

The stay in PACU following tonsillectomy is estimated to be
about 90 min [42]. A study done on 755 children showed that the
occurrence of perioperative adverse events are 1.5 times more
likely in ENT procedures as compared to the other ones. This was
inversely related to age and increased with the performance of
tracheal intubation with no muscle relaxants [43]. The delay in
discharge happens in 1.3–1.6%, readmission in 3.9–12%, and return
to the operating room due to hemorrhage in 1% of patients
following tonsillectomy [44,45]. Oxygen desaturation, reduced age
and PONV were good predictors for prolonged stay in PACU. In
addition to patient safety concerns, prolonged stay consumes
PACU resources, increases parental anxiety and affects operating
room flow [46].

7. Post-discharge maladaptive behavioral outcomes

Children experience new onset behavioral changes in the form
of temper tantrums, nightmares, bed-wetting, attention-seeking
and fear of being alone after outpatient tonsillectomy. A simple
real time scale, PACBIS (perioperative adult child behavioral
interaction scale) was developed to assess immediate periopera-
tive behaviors of both patients and their families after tonsillecto-
my. The PACBIS scale reliably predicts post-anesthetic emergence
agitation in the recovery room and predicts children with greater
degrees of postoperative pain and maladaptive behaviors at home.
This scale has potential to facilitate real-time behavioral inter-
ventions to improve coping behaviors and reduce distress
behaviors of patients and parents in order to reduce children’s
post-discharge pain and maladaptive behaviors [47,48].

8. Identifying children at risk for anesthesia and preventive
strategies

A Swedish registry of 54,968 patients from 1997 through 2008
reported that 13.9% of patients required an unplanned visit to the
clinic postoperatively [49]. Evidence based guidance for postoper-
ative disposition of children following tonsillectomy is still lacking
[24].

Perioperative respiratory adverse events remain one of the
major causes of morbidity and mortality during tonsillectomy.
Currently, high-risk children for the presence of sleep apnea are
frequently identified using polysomnography. Although consid-
ered by many to be the ‘‘gold standard’’ for evaluating the severity
of sleep apnea, polysomnography is an imperfect tool as it is
expensive, not-practical for all patients, can be associated with a
long wait times and involves significant family and health system
resources [50].

Questionnaires for identifying children with OSA are available.
A simple 22-point based validated sleep questionnaire has a high
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sensitivity (81%) and specificity (87%) when 8 or more responses to
the 22-point questionnaire are positive [51]. The questionnaire
evaluates subjectively the child’s current and past sleep problems
based on parental response. The performance of the questionnaire
does not vary with participant age and has good internal
consistency and reliable test retesting [52].

Magnetic resonance imaging sleep studies can be used to guide
management of children with obstructive sleep apnea (OSA)
refractory to conservative therapy. Dexmedetomidine provides an
acceptable level of anesthesia with a high yield of interpretable
studies of the patient’s native airway. The need for artificial airway
support was significantly less with dexmedetomidine than with
propofol [53].

Decisions on premedication administration are made according
to an algorithm developed at our institution and takes into account
age, level of child preoperative anxiety, history of previous
anesthesia, attendance at the preoperative tour and the time
spent in the preoperative area [54].

9. Conclusion

Tonsillectomy is a procedure with significant morbidity and
mortality. Due to lack of evidence-based guidance for selection of
appropriate patients for outpatient tonsillectomy, significant
variation for postoperative outcomes and disposition exists [55].
Arbitrary criteria for hospitalization after tonsillectomy include
age younger than 3 years, presence of severe obstructive sleep
apnea and/or associated co morbidities such as Down’s syndrome,
prematurity and morbid obesity. Identification of risk factors for
prolonged recovery a priori may make outpatient surgery less cost-
effective than overnight admission [56]. Post-tonsillectomy
bleeding and unpredictably higher metabolism of opioids such
as codeine especially in children with OSA have been associated
with deaths and life-threatening complications. Better periopera-
tive risk reduction strategies and monitoring of high-risk patients
are critical in avoiding serious complications after pediatric
tonsillectomy.
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