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Abstract We studied the efficacy of tonsillectomy, or
tonsillectomy with adenoidectomy, in 187 children severe-
ly affected with recurrent throat infection. Ninety-one of the
children were assigned randomly to either surgical or non-
surgical treatment groups, and 96 were assigned accord-
ing to parental preference.

In both the randomized and nonrandomized trials, the
effects of tonsillectomy and of tonsitlectomy with adenoid-
ectomy were similar. By various measures, the incidence
of throat infection during the first two years of follow-up
was significantly lower (P<0.05) in the surgical groups
than in the corresponding nonsurgical groups. Third-year
differences, although in most cases not significant, also

ONSILLECTOMY has long been the most com-
mon major operation performed on children in
the United States,!-? yet indications remain uncertain
and controversial,>> and regional tonsillectomy rates
vary widely.® Among currently sanctioned indications
for tonsillectomy,’-19 recurrent throat infection is at
once the most frequently invoked'!!? and the most
problematic. Not only do opinions differ over how
many episodes, of what character, and over what peri-
od constitute grounds for tonsillectomy,>!'!"!* but one
standard pediatric textbook rejects recurrent throat
infection altogether as a valid indication.'* To some
extent, these differences of opinion reflect differences
in physicians’ training, experience, and personal atti-
tudes and values,*” but more fundamentally, they re-
flect the fact that the degree of benefit conferred by
tonsillectomy in reducing the occurrence of throat in-
fection has not been established.3*1%:16
In the few controlled trials that have been reported,
each of which involved tonsillectomy combined with
adenoidectomy, children who received surgery indeed
had lower rates of throat infection during the succeed-
ing two years than did control children, but even the
control children’s rates were not impressively high;
moreover, they declined from the first follow-up year
to the second.'’2° On their face, therefore, these re-
sults suggest that the benefits of tonsillectomy may not
be of sufficient magnitude to justify the operation’s
cost and risks.?! Viewed more closely, however, both
the conclusiveness and the generalizability of the tri-
als’ results appear doubtful for the following reasons:
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consistently favored the surgical groups. On the other
hand, in each follow-up year many subjects in the nonsur-
gical groups had fewer than three episodes of infection,
and most episodes among subjects in the nonsurgical
groups were mild.

Of the 95 subjects treated with surgery, 13 (14 per cent)
had surgery-related complications, all of which were read-
ily managed or self-limited.

These results warrant the election of tonsillectomy for
children meeting the trials’ stringent eligibility criteria, but
also provide support for nonsurgical management. Treat-
ment for such children must therefore be individualized. (N
Engl J Med 1984; 310:674-83.)

seriously affected children were excluded, many of the
subjects appeared not to have had unduly frequent or
clinically important previous episodes of throat infec-
tion and therefore not to have been at appropriately
high risk for such trials, and it is not clear that moni-
toring and documentation of illness during the trials
were adequate.3*13

We report here the results of two parallel clinical
trials of tonsillectomy, under certain circumstances
combined with adenoidectomy, in a group of children
whose histories of recurrent throat infection met strin-
gent criteria for frequency, clinical features, treat-
ment, and documentation and whose courses after en-
rollment in the trials were carefully monitored and
documented. Assignment to either surgical or nonsur-
gical treatment groups was made randomly in one of
the trials and according to parental preference in the
other.

METHODS
Recruitment of Subjects, Evaluation, and Eligibility

The trials were conducted at the Children’s Hospital of Pitts-
burgh between August 1971 and June 1982, as part of a comprehen-
sive study of indications for tonsillectomy and adenoidectomy.*?%23
Subjects were recruited from among hospital outpatients (whose
evaluation by the study team was made a prerequisite for tonsil or
adenoid surgery at the hospital) and from among children referred
by community practitioners or directly by parents. During the first
five years of the study each referred child received a standardized,
multiphasic evaluation.* Thereafter, such evaluations were per-
formed only in children who, on initial screening, were found to be
eligible or potentially eligible for one or more of the study’s trials of
tonsillectomy and adenoidectomy. Excluded from consideration for
any trial were two classes of children: those judged to require
prompt removal of large tonsils or adenoids because of proved or
suspected alveolar hypoventilation, sustained difficulty in swallow-
ing, or marked discomfort in breathing, and those disqualified be-
cause of prior tonsil or adenoid surgery, major physical or emotional
disease, structural middle-ear damage or sensorineural hearing loss,
hypogammaglobulinemia (IgG, IgA, or IgM level >2 S.D. below
the mean value for the child’s age), simultaneous enroliment of a
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sibling in the study, or inability to meet the projected schedule of
follow-up visits.

Eligibility for the tonsillectomy trials hinged on a history of recur-
rent episodes of throat infection (i.e., tonsillitis, pharyngitis, or ton-
sillopharyngitis). For a child to be eligible, his or her episodes had to
meet defined standards in each of four categories: frequency of oc-
currence, seven or more episodes in the preceding year, five or more
in each of the two preceding years, or three or more in each of the
three preceding years; clinical features, each episode characterized
by one or more of the following: oral temperature of at least 38.3°C,
cervical lymphadenopathy (enlarged [>2 cm] or tender cervical
lymph nodes), tonsillar or pharyngeal exudate, or positive culture
for group A beta-hemolytic streptococcus; treatment, antibiotics ad-
ministered in conventional dosage for proved or suspected strepto-
coccal episodes; and documentation, each episode and its qualifying
features substantiated by concurrent notation in a clinical record.

Children with histories that met all standards except documenta-
tion were followed prospectively. Those who had two or more ob-
served episodes of throat infection, with patterns of frequency and
clinical features consistent with the initial history, were considered
eligible for the trials.’® Each determination of eligibility was based
on independent assessments by a pediatrician and an otolaryngolo-
gist on the study team.

Some of the children who were eligible for the tonsillectomy
trials were also eligible for concurrent trials of adenoidectomy,
mainly because of recurrent otitis media or nasal obstruction or
both.* These children were considered candidates for tonsillecto-
my combined with adenoidectomy rather than for tonsillectomy
alone.

Consent, Randomization, and Assignment to Treatment

One or both parents of each eligible child (and the child, if he or
she seemed able to comprehend) were informed in detail about the
potential benefits and risks of surgery and about the trials’ rationale
and methods. Consent was then obtained to assign the child ran-
domly to either surgical or nonsurgical treatment. Parents were
advised that children initially assigned to nonsurgical treatment
could subsequently receive surgery at the parents’ request provided
that the eligibility criteria continued to be met. Children whose
parents gave verbal and written consent for random assignment
were stratified into three age categories — 3 through 4 years,
5 through 6 years, and 7 through 15 years — and assigned random-
ly, within categories and balanced within each block of four sub-
jects, to either a surgical (tonsillectomy or tonsillectomy with ade-
noidectomy, depending on eligibility) or corresponding nonsurgical
control group. Children whose parents withheld consent were
assigned according to parental preference; this assignment was
termed “nonrandom.”

Surgery and Related Management

Operations were performed as soon after assignment as practica-
ble. Subjects were given advance explanation and preparation and
were admitted to the hospital on the day before surgery. Parents

were urged to room-in. Surgery was performed by or under the .

supervision of a study-team otolaryngologist, with the patient under
general endotracheal anesthesia. A dissection-and-snare technique
was used for tonsillectomy; reverse adenotomes and curettes, under
both direct and mirror vision, were used for adenoidectomy.

Follow-up Procedures

Randomized and nonrandomized subjects were followed system-
atically in the same manner: a standardized telephone or in-person
inquiry was made biweekly concerning the day-by-day occurrence
of specified symptoms and events, including sore throat and absence
from school, and standardized clinical examinations were per-
formed at six-week intervals and at the time of respiratory illnesses.
Prompt reporting of symptoms and examinations for minor illnesses
other than uncomplicated common colds were encouraged. During
after-clinic hours and on weekends and holidays a study-team mem-
ber was on call. No fees were charged, and reimbursement was
offered for visit-related expenses. Data concerning symptoms and
events were recorded only if reported within 18 days after occur-
rence. A “sore-throat day” was defined as one on which a sore
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throat, even if mild or intermittent, reportedly lasted a total of one
hour or longer.

Virtually all data were obtained and all examinations were car-
ried out by study personnel, who used standardized methods and
forms for quantifying, rating, and recording observations and whose
interobserver reliability was assessed and maintained by means of
comparisons made systematically when practicable. (For example,
in 100 consecutive, paired, independent observations of tonsillar
size and erythema, respectively [five-point scales], and in 200 such
observations of lymph-node size [four-point scale], there was inter-
observer agreement in 83, 72, and 80 per cent, respectively, and
disagreement by one point in the rest.) Occasional observations by
other health professionals were incorporated in the data set if they
were well documented. Visits for routine examination and for minor
illness were conducted by pediatric nurse practitioners using stand-
ardized procedures and algorithms. For other illnesses, and at rou-
tine visits every six months, each subject was examined by a pedia-
trician. Data forms for each visit were verified independently to
ensure accuracy of recording and conformance to diagnostic defini-
tions.

Definition and Classification of Episodes of Throat Infection

Definition of a throat-infection episode was based on specified
criteria that are not presented in full in this report because of their
considerable detail (but are available from the authors). For exam-
ple, when sore throat was present, diagnosis of an episode required a
clinical observation of redness of the tonsils or pharynx, or new
findings of cervical lymphadenopathy and a positive throat culture
for group A beta-hemolytic streptococcus; additional findings were
required when sore throat was not present. Symptoms or signs oc-
curring within a 30-day period were considered components of a
single episode provided that no interruption in their occurrence
exceeded 9 days. However, once standard antibiotic treatment had
been administered for an episode for 10 consecutive days, the fur-
ther persistence of symptoms or signs, or their recurrence after any
interval, was considered part of a new episode. Each diagnosed
episode was rated “mild,” “moderate,” or “severe” on the basis of a
scoring system (available from the authors) that involved both local
and systemic symptoms and signs. Cervical lymphadenopathy,
when not associated with an episode of throat infection, was termed
“isolated.”

Management of Episodes of Throat Infection

A throat culture was obtained whenever throat infection was di-
agnosed or suspected. Cultures were processed and evaluated for
the presence of group A streptococci by the hospital microbiology
laboratory, using standard methods. Cultures showing growth of
any degree were considered positive. Penicillin V (250 mg) — or in
the case of presumed allergy to penicillin, erythromycin (10 mg per
kilogram of body weight) — was prescribed four times daily for 10
days for all subjects with positive cultures and also for those whose
cultures were negative but who had been treated presumptively
from the outset and had improved markedly within 48 hours. When
throat infection or lymphadenopathy of recent onset persisted after
treatment, when culture-positive episodes recurred repeatedly, or
when compliance seemed doubtful, penicillin was prescribed in
larger doses or for longer periods or was administered intramuscu-
larly.

Data Analysis

Except where otherwise indicated, outcome data were derived
from subjects’ experiences in whole-year blocks in originally as-
signed treatment groups. The experiences of nonsurgical subjects
were counted from the day after assignment unless throat infection
was present at that time, in which case experience was counted from
the day after termination of the episode. The experiences of surgical
subjects were counted from the day after surgery.

Data from the randomized and nonrandomized trials were ana-
lyzed separately. Within each trial, data concerning the outcomes of
tonsillectomy and of tonsillectomy with adenoidectomy were also
analyzed separately; however, since none of the differences in out-
come between the two surgical groups (tonsillectomy alone and
tonsillectomy with adenoidectomy) and between the two corre-
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sponding nonsurgical groups were large or statistically significant,
the respective within-trial data sets were pooled. Accordingly, the
terms “surgery” and “surgical” hereafter refer to all subjects who
underwent either tonsillectomy alone or in combination with ade-
noidectomy.

All statistical tests were two-tailed. Chi-square tests incorporated
the Yates correction.?* Log-linear models?> were used to test for
interactions between treatment status (i.e., surgical or nonsurgical),
outcome, and selected characteristics of subjects. Chi-square tests
were used to test for significant associations between selected char-
acteristics of controls and their outcomes. Log-linear models and
life-table analyses?5?” were computed using the BMDP3F?® and
BMDPIL? statistical programs, respectively. Each life-table analy-
sis involved both Wilcoxon?” and Savage®® test statistics; when the
resulting P values differed, the larger of the two was used.

REsuLTS

Selection of Trial Subjects and Comparability of Treatment

Groups

The disposition of the 2043 children referred for
evaluation during the study period is shown in Figure
1. A total of 187 children satisfied the eligibility crite-
ria for the trials either initially or after variable periods
of observation. Figure 2 summarizes the initial assign-
ments to treatment groups and subsequent tenure
within or migration from these groups. Selected demo-
graphic and clinical characteristics of the subjects are
shown in Table 1.

Interval from Assignment to Surgery and Starting Points in
the Trials

Among subjects treated with surgery, the median
interval from assignment to surgery was 44.0 days

Referred to T&A Study
2043

Screened and
found ineigible
663
comprehensive evaluation -1490
Parents - 90
w}uwz\wma
Tonsilectomy \Memdecmw
with or without -
adenoidectomy 627
863
Entered other
Urgent Surgery tonsilectomy trials
59 31
Disqualified Never met protocol
62 criteria for tonsilectomy
431
180 | 7

Met eligibiity criteria for
Recurrent-Throat- Infection
Tonsillectomy Trials

Figure 1. Trial Subjects in Relation to Other Children Referred
for Study.

T & A denotes tonsillectomy and adenoidectomy.
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(range, 8 to 307) for those assigned randomly and 46.5
(range, 7 to 276) for those assigned nonrandomly. Op-
erations were performed within 90 days after assign-
ment in 81 per cent of subjects assigned randomly and
in 83 per cent of those assigned nonrandomly. Most
delays were due to intercurrent illness or postpone-
ment of operation until the winter, spring, or summer
recess from school. In neither the randomized nor the
nonrandomized trial were there significant differences
between surgical and nonsurgical groups in the distri-
bution of trial starting points by quartile of the year
(January through March, April through June, and so
forth). -

Comprehensiveness of Surveillance

One measure of the comprehensiveness of surveil-
lance for throat-related illness was the degree of adher-
ence to the trials’ schedule of appraisals. During the
first, second, and third follow-up years for subjects
randomly assigned to surgery, the mean numbers of
days for which specified follow-up information was
recorded were 332, 346, and 349, respectively, and the
mean numbers of examinations performed were 7.3,
8.1, and 7.9, respectively. For control subjects the cor-
responding values were 346, 349, and 350 days and
9.8, 9.1, and 8.8 examinations. Corresponding data for
nonrandomly assigned subjects were similar.

A second measure consisted of the proportions of
sore-throat days that were associated with concurrent
clinical examinations at which a diagnosis of throat
infection was either confirmed or ruled out. (“Concur-
rent” was defined as occurring within seven days of a
single sore-throat day or of the most proximate of a
series of sore-throat days, if evidence of infection was
found, and within one day, if evidence of infection was
not found.) During the first, second, and third follow-
up years the proportions of examination-associated
sore-throat days, excluding those occurring immedi-
ately after surgery, were 73.9, 66.1, and 68.1 per cent,
respectively, for the randomly assigned surgical group
and 82.2, 83.5, and 85.6 per cent, respectively, for
controls. Most of the remaining sore-throat days
seemed to represent symptoms that were of minor im-
portance (i.e., lasting one day or less) or attributable
to common colds (i.e., accompanied by coryza or
cough) or to other causes (e.g., varicella). The residual
proportions that were not accounted for were 1.5, 9.2,
and 3.1 per cent, respectively, for the randomly as-
signed surgical group and 4.5, 3.5, and 2.3 per cent,
respectively, for controls. Corresponding data for sub-
jects assigned nonrandomly were similar.

A third, indirect measure of surveillance was the
frequency with which evidence of throat infection was
found during examinations of children who did not
contemporaneously (from seven days before to seven
days after examination) report a sore throat. Such evi-
dence was found in only 13 (1.2 per cent) of 1101
examinations of randomly assigned subjects and in
only 7 (0.6 per cent) of 1100 examinations of nonran-
domly assigned subjects.
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Accepted Random Assignment
91

Surgery 43/ N\ 48 Control

Figure 2. Flow Diagram Showing
Assignment of Trial Subjects to

BeganCm'med Completed Lost to Began Completed Elected Lost
Met eligibility criteria for year ﬁyea, full year  follow-up year ﬁm full year  surgery 10Io~t~otp
R - - : . -
eme"es:fecht T"r‘iafelgtm Yt 43 O 38 5 48 2 3 7 4
187 Year2: 37 2 31 4 3 0 29 5 1
Year3: 30 3 22 5 29 4 20 4 1
- Declined Random Assignment

96

Surgery 52 £\ 44 No Surgery

Treatment Groups and Subsequent

Disposition. 5
Where the number who began a fol- year
low-up year is less than the number Year: 52 O
who completed the preceding year, .
the discrepancy is attributable to Year2: 44 7
subjects who had completed either Yewrd 32 8

12 or 24 months of follow-up expe-
rience at the time of analysis.

Occurrence of Observed Episodes of Throat Infection

Although a minimum of three years of follow-up
had originally been contemplated for all subjects, at
the time that these analyses were performed some sub-
jects had been followed for shorter periods, about one
quarter had been lost to follow-up, and about one
third of the subjects initially assigned to a nonsurgical
treatment group had been withdrawn from the group,
at their parents’ request, for treatment with surgery
(Fig. 2). In part to take these circumstances into ac-
count, the data were analyzed from various stand-
points.

Whole-Year Experiences

Table 2 shows data on the occurrence of observed
throat-infection episodes in randomly assigned sub-
jects during the first, second, and third whole years of
follow-up. The data are presented in four clinical cate-
gories of episodes: all combined, moderate or severe,
streptococcal, and “counting” (i.e., characterized by
one or more of the four qualifying clinical features of
episodes used in determining trial eligibility). Not in-
cluded in the table, by definition, are data derived
from experiences of less than a full year’s duration —
i.e., resulting from either limited follow-up or with-
drawal of a child from the control group, for surgical
treatment. This limitation notwithstanding, Table 2
shows that the surgical group had consistently lower
throat-infection rates than the control group, particu-
larly in regard to episodes rated moderate or severe.
On the other hand, the illness rates among subjects
‘who remained in the control group were not consis-
tently high — for example, during the first, second,

Completed Lost Cd‘lm Completed Elected Lost t

full year folo«t?m 3:2?‘55 e full year  surgery folcw?tp
44 8 44 1 34 6 3
34 3 34 O 28 4 2
15 9 25 b5 13 5 2

and third follow-up years the proportions of such
subjects who experienced more than one moderate or
severe episode were only 26, 24, and 5 per cent, re-
spectively. Table 3 shows that the results were sim-
ilar in subjects assigned nonrandomly. Fourth-year
throat-infection rates in both the randomized and
nonrandomized trials remained consistently lower in
the surgical groups, but the numbers of subjects were
smaller than in the third year, and the differences, as
in most of the third-year analyses, were not signif-
icant.

Life-Table Analysis

In both the randomized and nonrandomized trials,
comparisons of subjects with the four categories of
throat-infection episodes were carried out by means
of life-table analyses, using as end peints the time
of occurrence of the first, second, and third episodes,
respectively, during each of five follow-up periods:
first year, first two years, first three years, second
year, and third year. Unlike the analyses summarized
in Tables 2 and 3, these analyses incorporated data
from fractional-year experiences. Examples of the
120 comparisons are shown in Figure 3. Without ex-
ception, the comparisons favored surgical over non-
surgical treatment. Of the 60 comparisons involving
randomly assigned subjects, 48 showed significant dif-
ferences (P<<0.01 in 41; 0.01<P=0.05 in 7); the 12
third-year analyses accounted for 10 of the 12 nonsig-
nificant differences. In the nonrandomized trial, 46 of
the 60 comparisons showed significant differences
(P=<0.01 in 37; 0.01<P<0.05 in 9), and the 12 third-

The New England Journal of Medicine
Downloaded from www.nejm.org by JACK PARADISE on September 21, 2010. For personal use only. No other uses without permission.
Copyright © 1984 Massachusetts Medical Society. All rights reserved.



678 THE NEW ENGLAND JOURNAL OF MEDICINE

year analyses accounted for 8 of the 14 nonsignificant
differences.
Effects of Status Change and Loss to Follow-up

Table 4 shows that for each follow-up year of the
randomized trial, among both surgical and control

Table 1. Distribution of Selected Demographic and Clinical Char-
acteristics of 187 Subjects, According to Treatment Group.

RANDOMLY ASSIGNED NONRANDOMLY ASSIGNED

CHARACTERISTIC GRrOUPS GROUPS
SURGICAL CONTROL  SURGICAL NONSURGICAL
(N=43) (N=48) (N=52) (N=44

no. of patients (%)

Age (yr)
34 5(12) 715) 6 (12) 5(11)
5-6 11 (26) 10(21) 16 (31) 16 (36)
7-15 27 (63) 31(65) 30(58) 23 (52)
Sex
Male 21(49) 1940) 193D 29 (66)
Female 22 (51) 29(60) 33 (63) 15 (34)
Race
Black 5(12) 5(10) 3(6) 2(5)
White 38 (88) 43 (90) 49 (99 42 (95)
History of episodes of throat infection before entry *
=7in 1 yr 20 (47) 11(23) 18 (35) 13 (30)
=5/yr for 2 yr 5(12) 500 11 21) 6 (14)
=3/yr for 3 yr 18 (42) 32(67) 23 (44 25 (57)
Infection-free size of tonsils'> at entry
1+ 3(7) 5(10) 6 (12) 49
2+ 15 (35) 17 (35) 14 (27) 17 (39)
3+ 19 (44) 23(48) 23 (44) 22 (50)
4+ 6(14) 3(6) 9(17) 1(2)
Surgical trial
Tonsillectomy only 27 (63) 29 (60) 27 (52) 32 (73)
Tonsillectomy with 16 (37) 19 (40) 25 (48) 12 27)
adenoidectomy
Upper respiratory allergy according to specified algorithm ¥
Definite or probable 10 (23) 16 (33) 13 (25) 13 (30)
Possible or unlikely 3377 32(67) 39 (75) 31 (70)
Siblings 1
None 7(16) 5@10) 1427 11 (25)
Younger only 9 (21) 17 (35) 26 (50) 10 (23)
Older only 22(51) 18(38) 10(19) 17 (39)
Older and younger 5(12) 8 (17) 24 6 (14)
Parents’ socioeconomic status *
Executive or professional 4 (9) 12 (25) 14 27 10 (23)
Commercial, clerical, 11 (26) 19 (40) 21 (40) 23 (52)
or skilled workers
Semiskilled or unskilled 9(21) 3(6) 6 (12) 6 (14)
workers
Disabled, public assi e, 19(4) 1327) 10(19 5(11)

or unemployed
Other 00 1(2) 12 0 (0)

History of tonsil or adenoid surgery in parents

Neither parent 11(26) 7(15) 8 (15) 10 (23)
One parent 14 (33) 19 (40) 29 (56) 20 (45)
Both parents 17 (40) 20(42) 1427 13 30)
Unknown 12 2 (4) 1(2) 12
Referral source

Children’s Hospital clinics 24 (56) 19 (40) 29 (56) 17 39)
Community physicians, others 13 (30) 24 (50) 19 37 21 (48)
Parents directly 6(14) 5Q0) 4 (8) 6 (14)

*The distributions of randomly assigned surg
characteristic differed significantly (P<0.05).
TAvailable from the authors.
$The distributions of domly assigned surgical and ical subjects with respect to
this characteristic differed significantly (P<0.05).

I and control subjects with respect to this
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subjects who became lost to follow-up, the throat-in-
fection rates before their loss had generally been lower
than the corresponding rates among subjects who re-
mained in their originally assigned groups for the full
year. In contrast, the rates for control subjects with-
drawn by their parents from the control group to re-
ceive surgery had been consistently higher before
withdrawal than the rates for subjects who remained
in the control group throughout the year. Correspond-
ing data for subjects assigned nonrandomly were simi-
lar and showed identical trends. Thus, on the basis of
the numbers of subjects in each category and the re-
spective rates involved, if all subjects had retained
their original assignments and remained under sur-
veillance, the throat-infection rates would probably
have been higher for the nonsurgical groups and lower
for the surgical groups — and thus the measured effi-
cacy of surgery would have been greater — than the
data in Tables 2 and 3 and in the life-table analyses
indicate®'; moreover, these differentials would prob-
ably have been additive as the follow-up period be-
came longer.

Characleristics of Subjects in Relation to Outcome

In the randomized trial no significant interactions
were found between treatment status (i.e., surgical or
nonsurgical), outcome, and any of the following char-
acteristics of subjects: age, sex, frequency of episodes
according to history (seven or more the preceding
year, five or more in each of the two preceding years,
or three or more in each of the three preceding years),
tonsillar size on entry, specific trial eligibility (tonsil-
lectomy alone or with adenoidectomy), probable pres-
ence or absence of respiratory allergy, number of
siblings, and socioeconomic status. Similarly, no sig-
nificant associations were found between any of these
characteristics and the outcome in control subjects.
However, because the numbers of subjects in the re-
spective subgroups were small, the power of these
analyses to detect differences was limited. Within each
of the subgroups, throat-infection rates were invari-
ably lower for subjects treated surgically than for con-
trols, but not all the differences were significant. For
example, in the randomized trial the differences with-
in the 3- to 6-year age subgroup (3 to 4 years and 5 to 6
years combined) were significant for all combined epi-
sodes, those that were moderate or severe, and “count-
ing” episodes but not for streptococcal episodes during
the first year, whereas the differences within the 7- to
15-year subgroup were significant for each of the four
categories of episodes during both the first and second
years.

Secondary Outcome Measures

Table 5 summarizes data from the first three whole
years of follow-up for three secondary outcome meas-
ures of throat-related illness: the cumulative propor-
tions of visits at which “isolated” cervical lymphade-
nopathy was found, the numbers of parent-reported
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Table 2. Distribution of Randomly Assigned Subjects, According to Numbeér of Observed Episodes of Throat infection, Whole Follow-up
’ Year, Type of Episode, and Treatment Group.

. . No. oF Episobes ToTAL EPiSODES
TYPE OF ‘TREATMENT GROUP 0 ] 2 3 =4 No. oF PER SUBJECT
EPISODE *° (No. OF SUBJECTS) EPISODES P VaLug ¥
number of subjects range mean
Follow-ﬁp Yri .
All combined Surgical (38) 16 9 8 2 3 47 0-8 1.24 0 001
Control (35) 4 6 6 7 12 108 0-10 3.09 !
Moderate Surgical (38) 35 3 0 0 0 3 0-1 0.08 0.001
or severe Control (35) 12 14 S 2 2 41 0-7 1.17 o
Grohp A Surgical (38) 27 6 5 0 0 16 0-2 0.42 0.007
B-strep Control (35) 13 13 6 2 1 35 04 1.00 )
. Surgical (38) 22 8 4 3 1 29 04 0.76
Counting Control (35) 6 6 1 3 8 93 0-10 2.66 0.001
Follow-up Yr 2
All combined Surgical (31) 15 7 2 1 6 50 0-10 1.61 0 601
Control (29) 4 5 5 7 8 77 0-7 2.66 '
Moderate Surgical (31) 26 5 0 0 0 5 0-1 0.16 0.002
or severe Control (29) 12 10 2 4 1 30 04 1.03 .
Group A Surgical (31) 27 2 2 0 0 6 0-2 0.19 0.001
B-strep Control (29) 11 12 3 3 0 27 0-3 0.93 ’
. Surgical (31) 20 7 0 1 3 23 0-5 0.74
Counting Control (29) 4 8 4 6 7 65 0-7 224 0.001
Follow-up Yr3 .
All combined Surgical (22) 6 6 4 3 3 39 0-6 1.77 NS
Control (20) 6 4 2 3 5 44 0-6 2.20
Moderate Surgical (22) 16 6 0 0 0 6 0-1 0.27 NS
or severe Control (20) 13 6 0 1 0 9 0-3 0.45
Group A Surgical (22) 16 5 0 1 0 8 0-3 0.36 NS
B-strep Control (20) 12 4 2 1 1 15 04 0.75
. Surgical (22) 10 5 5 2 0 21 0-3 0.95
Counting Control (20) 7 3.6 1 3 33 06 1.65 NS
*B-strep denotes beta-h lyti P See text for definition of ing” episod:
1The three classes used were 0, 1-2, and =3 episodes, respectively; P values d ined by the chi-sq test with 2 degrees of freed NS denotes not significant (P>0.05).

sore-throat days, and the reported amount of school
missed at least in part because of sore throat. In most
instances the results appeared to be more favorable in
surgical than in nonsurgical groups, but dif-
ferences of notable magnitude were found mainly in
regard to isolated cervical lymphadenopathy. As in
the whole-year outcomes regarding observed episodes
of throat infection (Tables 2 and 3), these results in-
corporate the influence of subject migration and there-
fore probably understate differences attributable to

surgery.
Untoward Reactions

In the 95 subjects treated with surgery the mean
reported duration of postoperative sore throat was 4.9
days. Thirteen children had surgery-related complica-
tions, and six of them required one or more extra days
in the hospital. Four of the children had hemorrhage:
two before and two after hospital discharge. Bleeding
was easily controlled in all four, and none required
transfusion. Two children given succinylcholine to
prepare them for intubation had prolonged muscular
paralysis attributed to previously unrecognized cho-
linesterase deficiency; both required assisted ventila-
tion. One of the two also had pharyngitis, as did three

additional children, one of whom had pharyngitis in
conjunction with otitis media and bronchitis. One
child had severe nausea for two days, and one had
severe dysphagia for one week. Two children report-
edly had fever intermittently for two weeks but were
not examined.

One child treated surgically and four treated non-
surgically had erythematous rashes while receiving
penicillin prescribed for throat infection. No subject
was known to have rheumatic fever, glomerulonephri-
tis, or bronchial asthma.

DiscussION

In these parallel clinical trials designed to avoid,
insofar as possible, the limitations of earlier trials, ton-
sillectomy with or without adenoidectomy was un-
equivocally effective for two years, and was probably
effective for at least one additional year, in reducing
the frequency and severity of episodes of throat infec-
tion. On the other hand, a substantial proportion of
the subjects who did not undergo tonsillectomy had
relatively little throat infection.

Differences between the treatment groups in regard
to secondary outcome measures were less clear-cut
and of uncertain clinical importance. “Isolated” cervi-
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Table 3. Distribution of Nonrandomly Assigned Subjects, According to Number of Observed Episodes of Throat infection, Whole
Follow-up Year, Type of Episode, and Treatment Group.

TyPE TREATMENT No. oF EpIsoDES TotaL No. oF
OF Group 0 ! 2 3 >4 No. or EPISODES PER SUBJECT
EPISODE * (No. OF SUBJECTS) EPISODES P VaLUE t
number of subjects range mean
Follow-up Yr 1
All combined Surgical (44) 14 10 8 S 7 78 0-8 1.77 0.04
Nonsurgical (34) 6 4 5 3 16 105 0-12 3.09 :
Moderate Surgical (44) 33 10 0 1 0 13 0-3 0.30 NS
or severe Nonsurgical (34) 21 8 3 1 1 23 0-6 0.68
Group A Surgical (44) 34 7 2 1 0 14 0-3 0.32 0.02
B-strep Nonsurgical (34) 18 11 2 2 1 26 04 0.76 '
. Surgical (44) 17 18 2 5 2 46 0-5 1.05
Counting Nonsurgical (34) 7 9 3 5 10 82 0-10 2.41 0.02
Follow-up Yr 2
All combined Surgical (34) 12 9 9 3 1 40 04 1.18 0.001
Nonsurgical (28) 5 5 5 5 8 70 0-8 2.50 :
Moderate Surgical (34) 31 2 1 0 0 4 0-2 0.12 0.02 %
or severe Nonsurgical (28) 18 9 1 0 0 11 0-2 0.39 :
Group A Surgical (34) 31 3 0 0 0 3 0-1 0.09 0.001
B-strep Nonsurgical (28) 15 7 2 3 1 24 04 0.86 :
. Surgical (34) 18 10 6 0 0 22 0-2 0.65
Counting Nonsurgical (28) 6 8 6 5 3 48 0-5 171 0.001
Follow-up Yr 3
All combined Surgical (15) 3 7 2 1 2 22 04 1.47 0.04
Nonsurgical (13) 0 2 3 3 5 41 1-6 3.15 )
Moderate Surgical (15) 10 5 0 0 0 S 0-1 0.33 NS
or severe Nonsurgical (13) 7 3 1 2 0 11 0-3 0.85
Group A Surgical (15) 11 2 1 0 7 0-3 0.47 NS
B-strep Nonsurgical (13) 4 6 1 1 15 04 1.15
. Surgical (15) 7 S 1 2 0 13 0-3 0.87
Counting Nonsurgical (13) 2 2 4 3 2 29 0-5 2.23 NS

*[3-strep denotes beta-hemolytic streptococcus. See text for definition of “counting” episode.
1The three classes used were 0, 1-2, and >3 episodes, respectively; P values, determined by the chi-square test with 2 degrees of freedom. NS denotes not significant (P>0.05).

$One degree of freedom; the two classes used were 0 and =1 episode, respectively.

cal lymphadenopathy, which was more prevalent in
the nonsurgical groups, presumably entailed minor
discomfort and may have been indicative of otherwise
inapparent tonsillar inflammation. Sore-throat days
and sore-throat—associated school absence — meas-
ures used in earlier studies'’'®?° — were reported
more often for subjects treated nonsurgically, but the
underlying events were variable and of limited speci-
ficity, and most of the differences found between surgi-
cal and nonsurgical groups were not significant.
Inherent in these trials were certain sources of po-
tential bias. One source was the fact that for subjects
treated surgically but not for those treated without
surgery, a period routinely intervened between assign-
ment and the starting point in a trial. This raised the
possibility that seasonally related risks of illness in
surgical and nonsurgical groups may have differed, or
that a decline in the occurrence of throat infection with
" increasing age may have accounted, at least in part,
for the better outcomes observed in the surgical
.groups. However, as noted above, an analysis showed
that the seasonal distributions of starting points for
surgical and nonsurgical groups were similar, and the
data in Tables 2 and 3 show relatively little change in
the infection rates for nonsurgical groups from the first
follow-up year to the second.

Bias may also have resulted from the trials’ neces-
sarily nonblind circumstances. Subjects who under-
went surgery, their parents, and study personnel may
have assumed that tonsillectomy was efficacious, and
this in turn may have led to reduced awareness or
reduced detection of illness in surgical groups — a
possibility underscored by the somewhat lower level of
surveillance in these groups. The result would have
been to overstate the efficacy of surgery. On the other -
hand, as noted above, the tendency of more frequently
ill control subjects to be withdrawn by their parents to
receive surgery and of less ill subjects treated surgical-
ly to become lost to follow-up probably resulted in an
understatement of the efficacy of surgery, the magni-
tude of which was probably increased for each suc-
ceeding year of follow-up. Although the extent to
which these various potential biases operated cannot
be determined, it seems likely that their net effect was
an understatement of efficacy.

To what extent are the findings of these trials gener-
alizable to other children who would meet the strin-
gent eligibility criteria? First of all, our subjects appear
to have constituted a cross-section of children in the
affected age groups. Secondly, if the trials’ unusually
close monitoring and prompt application of treatment
were in themselves beneficial, subjects treated without
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Figure 3. Life-Table Analysis of Cumulative Proportions of Randomly Assigned Surgical (S) and Control (C) Subjects Who Had Three or
More Observed Episodes of Throat Infection of Any Type within Two Years (a), Two or More Moderate or Severe Episodes within Two
Years (b), Two or More Group' A Beta-Hemolytic Streptococcal Episodes within Two Years (c), Three or More “Counting” Episodes
within Two Years (d), Two or More “Counting” Episodes within the Second Year (e), and Two or More “Counting” Episodes within the
Third Year (f).

surgery may have benefited disproportionately, since
those treated surgically had less illness and therefore
less need for care. Thus, in comparable children not
being studied, the relative effectiveness of surgery may
be greater. Finally, the similarity between the out-
comes in the randomized and nonrandomized trials
suggests that the stringent eligibility criteria resulted
in a study population that was reasonably homogene-
ous in regard to risk. (Random assignment as an issue
in the design of clinical trials has been discussed exten-
sively by other authors.??3%) It thus seems reasonable
to assume that in other groups of children meeting the
same stringent criteria, tonsillectomy will produce ef-
fects comparable to those reported here.

Caution is needed in applying these findings and
assumptions to clinical decision making. The almost
uniformly favorable outcome in subjects who under-
went surgery, combined with the variable outcome in
those who did not, appears to justify but by no means
to mandate the performance of tonsillectomy in chil-
dren with comparable throat-infection experiences.
Decisions for or against tonsillectomy in such children
should take into account the potential adverse conse-
quences of surgery, including rare catastrophic or se-
vere events not encountered in these trials,!0-3% as well
as individual circumstances in relation to various
quality-of-life considerations.>® Thus, decisions may
reasonably be influenced by parents’ and children’s
respective preferences, anxieties, and tolerance of ill-
ness; school performance in relation to illness-related
absence; the accessibility of health-care services; out-

of-pocket costs; and the nature of available anesthetic
and surgical services and facilities.

Not addressed in these trials were two relatively
small but clinically important classes of children:
those who require tonsillectomy because of large ton-
sils causing severe obstructive symptoms, and those
with other tonsil-related problems, such as peritonsil-
lar abscess, presumed chronic tonsillitis, chronic cer-
vical lymphadenopathy, and “hot potato” voice, for

Table 4. Rates of Occurrence of Observed Episodes of Throat

Infection in Randomly Assigned Subjects, According to Their Re-

tention in or Withdrawal from the Originally Assigned Treatment
Group.*

SUBJECTS WITHDRAWN FROM
ORIGINAL TREATMENT GROUP

TREATMENT SUBJECTS REMAINING DURING YEAR
Group IN ORIGINAL
FoLLow-up ORIGINALLY TREATMENT GROUP  LOST TO CHANGED TO
YEAR ASSIGNED THROUGHOUT YEAR FOLLOW-UP SURGICAL STATUS

mean no. of episodes of throat infection per
subject-month of follow-up t

First Surgical (43) * 0.10 (38) 0.06 (5) NA
Control (46) 0.26 (35) 0074  0.61(7
Surgical (35) 0.13 (31) 0.0 4) NA

Second ¢ ntrol (35) 0.22 (29) 0.0 (1)  0.45(5)

Third Surgical (27) 0.15 (22) 0.0 (5) NA
Control (25) 0.18 (20) 020(1)  0.28 (4)

*Exciudes subjects remaining in originally assigned treatment groups, who were followed

for less than a full year. Numbers in p refer to bers of subjects. NA denotes not
applicable.
TDuring whole year for subj ining in original group, and during segment

of year before withdrawal for those withdrawn.
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Table 5. Isolated Cervical Lymphadenopathy, Sore-Throat Days, and Sore-Throat—Associated School Absence, According to
Foliow-up Year and Treatment Group.*

CERVICAL LYMPHADENOPATHY
FOUND AT NON-THROAT-
INFECTION VISIT

FoLLow-up TREATMENT

SORE-THROAT-ASSOCIATED

SORE-THROAT Days ¥ SCHOOL ABSENCE ¥

RANDOMIZED  NONRANDOMIZED RANDOMIZED NONRANDOMIZED RANDOMIZED NONRANDOMIZED
Year Group TRIAL TRIAL TRIAL TRIAL TRIAL TRIAL
% of visits no. of days per year no. of days per year
First Surgical 3.0 (38) 4.6 (44) 16.3x14.3 (31) 28.0+23.9 (42) 3.5+4.2 (29) 6.3x6.7 (41)
s Nonsurgical 12.2 (35) 14.2 (34) 18.9+14.6 (33) 20.8+20.2 (34) 6.7x6.9 (30) 7.4x8.6 31)
s d Surgical 3.1 (3D 5.6 (34) 10.8+13.4 (29) 13.4%£13.7 37 4.5£4.5 (28) 4.4%5.6 (25)
econ Nonsurgical 14.6 (29) 13.6 (28) 15.1%12.5 (27) 14.5+11.7 (28) 5.9+4.2 (26) 4.3%£3.9 (25)
Third Surgical 0.7 (22) 1.3 (15) 10.7x11.1 22) 8.8+ 7.0 (16) 5.1%5.7 (21) 4.0%5.9 (10)
1 Nonsurgical 12.5 (20) 4.6 (13) 19.0+20.2 (21) 16.1x11.5 (13) 5.9+6.2 (21) 7.2x7.8 (13)
*Values are presented as means *1 S.D. Numbers in p h denote bers of subj For bracketed pairs of values, P<0.05 by a chi-square analysis of distributions of subj
FLimited to subjects with at least 270 days of reportage in a follow-up year. Includs throat days i diately after surgery. Number of days for each subject for each follow-up year was

standardized on the basis of 365 days.

4

+

$Limited to subjects 5 years of age or older with at least 130 days of reported school

or

in a foll p year. School absence immediately after surgery was excluded. Number

of days for each subject for each follow-up year was standardized on the basis of a 180-day school year.

which the advisability of performing tonsillectomy re-
mains uncertain.

It must be emphasized that the findings in our sub-
jects cannot properly be extrapolated to children with
throat-infection experiences that are less extreme or
less well documented. Considering our difficulties in
finding sufficient numbers of eligible subjects for study
despite intensive efforts over an 1l-year period, the
results of our systematic reviews of collaborating pe-
diatricians’ practice records, and our observations in
clinical practice outside the study, we are confident
that children with experiences as extreme as those of
our trial subjects are exceptional. Accordingly, it
seems likely that many of the children who currently
undergo tonsillectomy have throat-infection experi-
ences that are less severe, at most conforming to the
more permissive guidelines of a number of current
quality-of-care standards.”'® To assess the reason-
ableness of these or similar standards, we have recent-
ly undertaken a clinical trial of the efficacy of tonsillec-
tomy in such less severely affected children.

We are indebted to the many Children’s Hospital house officers
and Pittsburgh-area practitioners who referred patients for the
study, especially Drs. Lee W. Bass, James G. Hawkins, Abdel-
Hamed Mahsoob, Maribel McKelvy, Howard A. Mermelstein,
Bernard 1. Michaels, William R. Nichols, K. Gopalkrishna Pai,
H. Richard Paul, Harvey M. Rubin, and Jerome H. Wolfson, who
also made their office facilities and patient files available, and
to the following people who assisted in this study: Andrea M. Fitz,
Margaret A. Martin, Karen A. Budziszewski, and Susan E. Bolling
(follow-up interviewers); Georgann C. Karantonis, Elaine L. Cur-
cio, Kathleen M. DiGaudio, Margaret T. Menninger, and Edwarda
O. Lee (nurse practitioners); Drs. Ellen M. Mandel, Carol F.
Truitt, Ophelia V. Mangubat, and Aurapin C. Sukanich (pediatri-
cians); Drs. Herman Felder, Kenneth M. Grundfast, Gregory J.
Milmoe, Gavin S. Douglas, Keith H. Riding, Timothy J. Reichert,
James S. Reilly, John S. Supance, Margaretha L. Casselbrant, Ga-
briel Marshak, and José A. Lima (otolaryngologists); Linda A.
Barto, Kathleen Delaney, Linda M. Keiser, and Sheryl M. Neely
(allergy nurses); Drs. D. Ryan Cook and Joseph J. Marcy (anesthe-
siologists); Drs. Bertram R. Girdany, Mutsuhisa Fujioka, and Lio-
nel W. Young (radiologic consultants); Drs. Bruce S. Rabin and
Philip Fireman (immunologic consultants); Dennis D. Smith, Re-

becca K. Shapiro, Gayle L. Tissue, Charlotte M. Heller, Eileen
Williams, Tamara S. Mikush, Beverly A. Styk, Clifford M. Tong,
and George J. Hudson (data processing); and Clyde G. Smith,
Carolyn M. Harman, Paul S. Kramer, and Denise K. Harr (admin-
istration).
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PREVENTION OF ACUTE MOUNTAIN SICKNESS BY DEXAMETHASONE

T. Scorr Jonnson, M.D., Paur B. Rock, D.O., Pu.D., CuarLEs S. FurLco, M.A,, Laurie A. Trap, B.S,,
RicHARrD F. Spark, M.D., anD Joun T. MaHER, Pu.D.

Abstract Acute mountain sickness is a syndrome that
occurs when unacclimatized persons ascend rapidly to
high altitudes. It is postulated that cerebral edema causes
its symptoms. Since dexamethasone is useful in treating
some forms of cerebral edema, we investigated its role
in the prevention of acute mountain sickness. Using a
double-blind crossover design, we exposed eight young
men to a simulated altitude of 4570 m (15,000 ft) on
two occasions. By random assignment, each subject re-
ceived dexamethasone (4 mg every 6 hours) or placebo
for 48 hours before and throughout the 42-hour expo-
sure. The presence of symptoms of acute mountain sick-

CUTE mountain sickness is a syndrome charac-
terized by headache, nausea, vomiting, insom-
nia, and lassitude. These symptoms occur over a peri-
od of one to five days when lowlanders ascend to high
altitudes.!"® The use of acetazolamide* and staging
(spending time at an intermediate altitude)® have
been recommended for the prevention of acute moun-
tain sickness, but are only partly effective. With an
increasing number of persons visiting areas of high
altitude for recreation and other pursuits, a reliable,
completely effective prophylactic therapy for acute
mountain sickness would be of great value.

The precise pathophysiology of acute mountain
sickness is unknown. The most widely accepted theory
holds that the symptom complex is due to the develop-
ment of cerebral edema that is probably vasogenic
in origin.""®7 Acute mountain sickness is seen as
part of the spectrum of altitude-induced illness that

From the Thorndike Laboratories and the Charles A. Dana Research Institute,
Department of Medicine, Beth Israel Hospital and Harvard Medical School,
Boston, and the Altitude Research Division, U.S. Army Research Institute of
Environmental Medicine, Natick, Mass. Address reprint requests to Dr. Johnson
at the Department of Medicine, Beth Israel Hospital, 330 Brookline Ave., Bos-
ton, MA 02215.

ness was established by two methods: a questionnaire
and an interview by a physician. Dexamethasone sig-
nificantly reduced the symptoms of acute mountain sick-
ness. During dexamethasone treatment, the cerebral-
symptom score (mean +S.E.) decreased from 1.09+0.18
to 0.26+0.08, and the respiratory-symptom score de-
creased from 0.64+0.09 to 0.31+0.06 (both, P<0.05). As
judged by the interviewing physician, the symptom score
decreased from 1.10+0.11 to 0.28+0.07 (P = 0.01). We
conclude that dexamethasone may be effective in pre-
venting the symptoms of acute mountain sickness. (N
Engl J Med 1984; 310:683-6.)

ranges from mild headache to life-threatening cerebral
edema.?

Dexamethasone, a potent synthetic glucocorticoid
with negligible mineralocorticoid activity, is effective
in the management of cerebral edema of diverse
causes.® We hypothesized that, if mild cerebral edema
arising from altitude exposure were responsible for the
symptoms of acute mountain sickness, then dexameth-
asone might be an effective prophylactic treatment for
this illness. To test this hypothesis, we administered
dexamethasone or placebo to eight volunteers and
then exposed them to a simulated altitude of 4570 m
(15,000 ft) on two occasions. The results of this trial
indicate that dexamethasone prevented the occur-
rence of acute mountain sickness.

METHODS
Subjects

The subjects were healthy men, 20 to 26 years of age, residing at
sea level. Potential subjects were excluded if they had been exposed
to high altitudes within the preceding six months or if they had any
physical illness or medical contraindication to altitude exposure or
to taking dexamethasone. All gave informed consent.

Twelve subjects completed the first, altitude-exposure, part of the
study, but four did not participate in the crossover phase. Three
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