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CHAPTER 7 | Long-Term Efficacy and Cost-Effectiveness of Laser Tonsillotomy vs Tonsillectomy

ABSTRACT

Importance The current treatment for adult tonsil disease, tonsillectomy (TE), may
involve a burdensome recovery.

Objective To evaluate long-term efficacy (1- and 2-year efficacy) and cost-effectiveness
of carbon dioxide (CO,) laser tonsillotomy (TO) vs TE.

Design, Setting, and Participants A prespecified secondary analysis of a randomized
clinical trial was conducted in 5 Dutch hospitals. Participants included adults with per-
sistent tonsil-related symptoms enrolled from January 25, 2018, to December 17, 2019.
Data analysis was performed from January 5, 2025, to April 9, 2025.

Interventions Tonsillectomy under general anesthesia vs CO, laser TO under local
anesthesia.

Main Outcomes and Measures Intention-to-treat analysis on primary (persistent
symptoms, defined as an answer of yes to the question of whether symptoms were still
present, reported at 1 and 2 years) and secondary (symptom severity, patient satisfac-
tion, quality-adjusted life-years [QALYs], and cost-effectiveness) outcomes.

Results In total, 98 patients were assigned to TO and 101 to TE; 98 were analyzed per
group. The TO and TE groups were similar (69 [70%] vs 67 [68%] female; mean [SD] age,
29 [10] vs 30 [8] years). The most common symptom was sore throat with fever (34% vs
34%), with a baseline mean (SD) severity score of 57 (19) vs 59 (17) mm. At 1 year, 51.8%
of patients assigned to TO had persistent symptoms vs 25.2% assigned to TE (odds ratio
[OR], 3.2; 95% Cl, 1.6-6.4; P<.001); at 2 years, 45.2% vs 19.7% had persistent symptoms
(OR, 3.4; 95% Cl, 1.7-6.7; P<.001). Symptom severity decreased significantly in both
groups but was lower after TE at 1 year (14.8 vs 23.0 mm; mean difference, —8.1 mm; 95%
Cl, -14.8 to —1.5 mm; P=.02) and 2 years (10.8 vs 19.6 mm; mean difference, —8.8 mm;
95% Cl, —14.7 to —2.9 mm; P=.001). Patient satisfaction was similar between groups;
mean VAS scores were 79.0 (95% Cl, 72.2-85.9) mm for TE and 69.3 (95% Cl, 63.4-75.3)
mm for TO at 1 year and 64.1 (95% Cl, 55.7-72.5) mm and 64.4 (95% Cl, 56.9-71.8) mm
at 2 years. Similar proportions of participants would recommend the procedure at 1
year (79% TE vs 76% TO) and 2 years (71%, both). Both TE and TO demonstrated high
cumulative QALYs at 2 years (EuroQol 5 Dimension: mean, 1.89 vs 1.84; mean differ-
ence, 0.05, P=.06; EuroQol Visual Analogue Scale: mean, 1.83 vs 1.81, mean difference,
0.02; P=.38). Tonsillotomy had lower overall costs ($869 vs $2363 for TE), with societal
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cost savings of $1925 (P=.001), and a 71% probability of cost-effectiveness at $25 907
per QALY (85%-93% in sensitivity analyses).

Conclusions and Relevance The findings of this trial suggest that both CO, laser
TO and TE under general anesthesia significantly reduced long-term symptoms, with
greater reduction after TE. TO had lower cost and similar patient satisfaction. Based on
these findings, CO,-laser TO appears to be a safe, effective, and cost-effective method for
long-term relief of tonsil-related problems with excellent patient satisfaction.
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INTRODUCTION

Tonsillectomy (TE) is a widely performed surgery under general anesthesia for adults
with tonsil-related conditions such as recurrent tonsillitis, tonsillolithiasis, and airway
obstruction, particularly when conservative treatment is ineffective. While TE is effec-
tive, it is invasive and associated with complications such as postoperative bleeding,
infection, and substantial pain."” Given its invasive nature, there is growing interest in
less-invasive alternatives, such as carbon dioxide (CO,) laser tonsillotomy (TO), which
can be performed under local anesthesia.?

Short-term studies suggest that CO, laser TO offers safer, faster recovery and reduced
postoperative pain compared with TE.** The short-term results of the TOMTOM trial sug-
gest that 77% of patients who underwent CO, laser TO fully recovered within 2 weeks,
compared with 57% of those who underwent TE, with a median time to return to work
of 4.5 vs 12.0 days. Postoperative complications were also lower, with hemorrhage rates
of 2% for CO, laser TO compared with 12% for TE.* Although tonsil-related symptoms
persisted more frequently after CO, laser TO (57% TO vs 35% TE), symptom severity was
greatly reduced and patients report similarly high satisfaction in both study arms.® Lim-
ited data on long-term outcomes and cost-effectiveness of CO, laser TO leave uncer-
tainty about the role of CO, laser TO in clinical practice. This study compares the 1- and
2-year efficacy and cost-effectiveness of CO, laser TO and TE under general anesthesia in
adults in the TOMTOM study.

METHODS

Study design and patients

This prespecified secondary analysis of original data examines a randomized clinical
trial (TOMTOM study) that was conducted in 5 Dutch teaching hospitals. The present
study adheres to the Consolidated Standards of Reporting Trials (CONSORT) reporting
guideline. Results for the primary outcome of the TOMTOM trial have been previously
reported.’ Approval by the local medical ethics committee (METC Zuid-West Holland)
was obtained. Patients were recruited from January 25, 2018, to December 17, 2019. All
patients provided written informed consent; no financial compensation was provided.
Adults with chronic or recurrent tonsillitis, halitosis, tonsillolithiasis, dysphagia, and
sleep apnea were included if their symptoms were unresponsive to conservative treat-
ments. Key exclusion criteria included Friedman grade 4 tonsil size, contraindications to
anesthesia, and pregnancy. Full patient inclusion and exclusion details are provided in
the trial protocol (Supplement 1) and in eMethods in Supplement 2.
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Randomization

Patients were randomized to either CO, laser TO or TE using computer-generated strati-
fication based on primary tonsil concern. Patients could undergo additional surgical
treatments if clinically necessary for a pragmatic and ethical trial design. Data collection
continued even if patients opted out of their assigned treatment.

Procedures

The CO, laser TO procedure was performed under local anesthesia with xylocaine and
adrenaline, following standard safety protocols. A step-by-step video protocol for this
intervention has been previously published.® Classic TE was performed under general
anesthesia using standard dissection and electrosurgical techniques. Procedure proto-
cols and postoperative pain medication details can be found in Supplement 1 (Chapter
10 of this thesis).

Data collection

Outcomes were collected via digital questionnaires at 1 and 2 years post surgery,
measuring tonsil-related symptoms, quality of life (EuroQol 5 Dimension [EQ-5D], range
1 [representing full health] to 0 [representing death]; EuroQol Visual Analogue Scale
[EQ-VAS], vertical visual analogue scale with values between 1 [best imaginable health]
and 0 [worst imaginable healthl),” health care use, Work Productivity and Activity Impair-
ment,® and patient satisfaction with treatment (visual analog scale [VAS], range 0-100
mm, with higher scores indicating greater satisfaction). Recovery times were collected at
2 and 6 weeks. Missing data were handled using multiple imputation. More details can
be found in eMethods in Supplement 2.

Economic evaluation

A cost-utility analysis was conducted from a societal perspective, at 2023 price levels,
with a 2-year horizon. Utility reflects the value of quality of life (scale 0-1) and was cal-
culated using the Dutch tariff for the EQ-5D° and EQ-VAS data.”® A cost-price analysis
was performed for both procedures. All costs were analyzed in euros and subsequently
converted to US dollars using the 2024 Organisation for Economic Co-operation and
Development Purchasing Power Parity for gross domestic product (€0.772=$1). Quality-
adjusted life years (QALYs) were derived from the area under the utility curves over
the follow-up period. EQ5-VAS scores were analyzed as 0-1 scores. Other tonsil-related
health care, absenteeism, and presenteeism at work were patient-reported. Three sensi-
tivity analyses were performed in which costs were limited to health care costs (instead
of societal costs), patients without registered TE or CO, laser TO were assumed to have
had TE (instead of assuming no procedure), and QALYs were calculated from the EQ-
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VAS (instead of the EQ-5D index score). Full economic evaluation details are available in
eMethods in Supplement 2.

Statistical analysis

Data analysis was conducted from January 5, 2025, to April 9, 2025. The target sample
size was determined for previously published short-term outcomes of this study.’ Based
on prior short-term outcomes,* the target sample size was 190 patients (95 per group)
to achieve 80.2% power at a .05 significance level. This allowed for the detection of a
median recovery time of 8.0 days for CO, laser TO, compared with 13.5 days for TE, with
a 14-day observation period.

Baseline characteristics were summarized as means (SDs) or counts (percentages). Long-
term outcomes were analyzed on an intention-to-treat basis, using unpaired t tests for
pooled means and logistic regression for binary outcomes. Changes from baseline were
assessed with paired t tests. All tests were 2-sided, with a significance level of P<.05.
Analyses were conducted using SPSS, version 27 (IBM Corp), with annual external data
monitoring ensuring data quality. Additional statistical methods are presented in the
protocol in Supplement 1.

RESuULTS

Patient inclusion and disposition

Of the 199 patients randomized, 98 were assigned to CO2 laser TO and 101 to TE. After
excluding 3 patients in the TE group due to informed consent discrepancies, 196 pa-
tients were included in the final analysis (Figure 1). The CO2 laser TO and TE groups were
similar (TO: 69 [70%] female, 29 [30%] male vs TE: 67 [68%] female, 31 [32%] male; mean
[SD] age, 29 [10] vs 30 [8] years).
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295 Assessed for eligibility

J—

—
A

99 Excluded

199 Randomized

45 Did not meet inclusion criteria
54 Declined to participate

>

3 Excluded from long-term analysis
3 Incomplete informed consent form

98 Randomized to CO, laser TO
97 Received intervention
1 Did not receive intervention
1 Withdrawal per patient request

98 Randomized to TE
66 Received intervention
32 Did not receive intervention
21 Withdrawal per patient request
9 TE in nonparticipating center
1 Unable to undergo surgery for health reasons
1 Pregnancy after inclusion

i

6 Lost to follow-up because of unanswered
questionnaires
2 1-y Postoperative
4 2-y Postoperative

40 Lost to follow-up because of unanswered
questionnaires
20 1-y Postoperative
20 2-y Postoperative

l

l

96 Available for analysis before multiple imputations
1-y Postoperative

94 Available for analysis before multiple imputations
2-y Postoperative

78 Available for analysis before multiple imputations
1-y Postoperative

78 Available for analysis before multiple imputations
2-y Postoperative

FIGURE 1. TRIAL FLOW DIAGRAM. CO, INDICATES CARBON DIOXIDE; TE TONSILLECTOMY; AND TO, TONSILLOT-

OMY.

Baseline characteristics were comparable between the TO and TE groups in terms of
chief tonsil symptoms, with sore throat with (34% vs 34%) and without fever (32% vs
32%) being the most common, followed by tonsillolithiasis (33% vs 32%). The self-re-
ported severity of tonsil symptoms (mean [SD] severity score) was similar between
groups (mean [SD], 57 [19] mm for TO vs 59 [17] mm for TE), and most patients rated
their symptoms as moderate or severe. Smoking status also showed a similar distribu-

tion between groups, with approximately 18% to 14% current smokers, 25% to 16%
former smokers, and 58% to 47% never smokers for CO2 laser TO vs TE (eTable 1 in
Supplement 2). A total of 163 patients (82%) received their assigned treatment.
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Demographic characteristics

Tonsil symptoms

Quality of life and work/activity impairment

ETABLE 1. BASELINE DEMOGRAPHIC AND CLINICAL CHARACTERISTICS IN TONSILLOTOMY AND TONSILLECTOMY
GROUPS.
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In the CO2 laser TO group, 17 patients required a second treatment for residual symp-
toms, 9 switched to TE for recurrent symptoms. In the TE group, 32 did not undergo the
assigned procedure, and 9 patients reported to have received TE at nonparticipating
centers. The primary reason for withdrawal in the TE group was patients opting out after
randomization (Figure 1). More censored patients were noted in the TE vs TO group for
full recovery (35 vs 22), return to work (8 vs 5), and analgesic use (16 vs 3).

In the CO,-laser TO group, 17 required a second treatment for residual symptoms, nine
switched to TE for recurrent symptoms. In the TE group, 32 did not undergo the assigned
procedure, and 9 patients reported to have received TE non-participating centers. The
primary reason for withdrawal in the TE group was patients opting out after randomiza-
tion (Figure 1). More censored patients were noted in the TE group for full recovery (35
vs. 22), return to work (8 vs. 5), and analgesic use (16 vs. 3).

Efficacy

One year after surgery, 25.2% of TE patients reported persistent symptoms compared to
51.8% in the CO,-laser TO group (odds ratio [OR] [95% Cl]13.2[1.6 to 6.4], P <.001) (Figure
2). At two years, 19.7% of TE patients versus 45.2% of CO,-laser TO patients reported
persistent symptoms (OR 3.4 [1.7 to 6.7], P<.001).
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\I‘ Efficacy
Percentage (95% Cl) P value?
Persistent symptoms
ly
TE 25.23(14.88-35.59) — <001
C0, laser TO 51.84 (41.74-61.93) —
2y
TE 19.72(10.91-28.54) — <001
CO, laser TO 45.18 (35.15-55.22) —
Severity of persistent symptomsP
ly
TE 14.87 (9.90-19.83) —— 0
CO, laser TO 23.01(18.59-27.43) —a—
2y
TE 10.77 (6.48-15.05) —a— 003
€O, laser TO 19.55(15.59-23.52) -
Patient satisfaction
Satisfied with procedure
1y
TE 79.06 (72.24-85.87) — 36
C0, laser TO 69.31(63.36-75.26) —— ’
2y
TE 64.11 (55.68-72.53) —
CO, laser TO 64.36 (56.93-71.80) — 96
Would recommend procedure
1y
TE 78.78 (68.31-89.24) — 67
C0, laser TO 75.96 (67.30-84.62) —
2y
TE 71.31(65.23-77.39) —a— 9
CO, laser TO 71.12 (64.42-77.82) ——
Zb 4‘0 6‘0 8‘0 160
Percentage (95% Cl)
Work and daily activities
Percentage (95% Cl) P value?
Overall work impairment
1y
TE 1.45(0.75-2.15) - 20
CO, laser TO 2.06 (1.46-2.66) ——
2y
TE 1.66 (1.01-2.31) —— 89
CO, laser TO 1.59 (1.02-2.16) ——
Interference with daily activities
1y
TE 1.10(0.67-1.54) S o
€0, laser TO 1.84 (1.44-2.25) .
2y
TE 1.27 (0.81-1.73) —— 33
CO, laser TO 1.58 (1.16-2.01) ——
2 4 6 8 10

Percentage (95% Cl)

FIGURE 2. LONG-TERM OUTCOME MEASURES.

ONE- AND 2-YEAR MEASURES OF EFFICACY (A) AND WORK AND DAILY ACTIVITIES (B). WORK IMPAIRMENT WAS
ASSESSED ONLY IN EMPLOYED PATIENTS. TE, TONSILLECTOMY; TO, TONSILLOTOMY.

P VALUES ARE BASED ON INDEPENDENT T TESTS FOR CONTINUOUS VARIABLES AND LOGISTIC REGRESSION FOR
BINARY OUTCOME VARIABLES.

*MEASURED ON A VERTICAL VISUAL ANALOGUE SCALE WITH VALUES BETWEEN 100 (BEST IMAGINABLE HEALTH)
AND O (WORST IMAGINABLE HEALTH).
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Symptom severity in patients with remaining symptoms decreased significantly in both
groups, but remained lower after TE at both 1 year (mean VAS score, 14.8; 95% Cl, 9.9-
19.8 vs mean, 23.0; 95% Cl, 18.6-27.4 mm; mean difference, —8.1; 95% Cl, —-14.8 to —1.5
mm; P=.02) and 2 years (mean VAS score, 10.8; 95% Cl, 6.5-15.1 vs mean, 19.6; 95% Cl,
15.6-23.5 mm; mean difference, —8.8; 95% Cl, —=14.7 to —2.9 mm; P =.001). Symptom se-
verity significantly decreased from baseline after 1 year in both the CO2 laser TO group
(mean baseline, 56.6 vs 1 year, 23.0 mm; mean difference, 33.6; 95% Cl, 28.5-38.7 mm;
P<.001) and the TE group (mean baseline, 59.2 vs 1 year, 14.9 mm; mean difference,
44.3; 95% Cl, 38.1-50.5 mm; P<.001). Among patients with persistent symptoms at 1
year, self-reported severity shifted toward mild and moderate after CO2 laser TO (mild
26.4%, moderate 22.0%, severe 3.5%) and TE (mild 18.0%, moderate 4.7%, severe 2.5%).

At 2 years, symptom severity continued to decrease in both groups: CO2 laser TO (mean
baseline, 56.6 vs 2 years, 19.6 mm; mean difference, 37.1; 95% Cl, 31.2-43.0 mm; P <.001)
and TE (mean baseline, 59.2 vs 2 years, 10.8 mm, mean difference, 48.4; 95% Cl, 42.8-54.0
mm; P <.001). Patients with persistent symptoms after 2 years experienced mostly mild
and moderate symptoms in both the CO2 laser TO (mild 28.4%, moderate 14.7%, severe
2.1%) and TE (mild 9.0%, moderate 9.4%, severe 1.4%) groups.

Patient satisfaction

There was no significant difference 1 year after surgery in patient satisfaction (mean
score, 79.0; 95% Cl, 72.2-85.9 mm for TE and mean, 69.3; 95% Cl, 63.4-75.3 mm for TO;
P=.36) and 2 years post surgery (mean VAS score, 64.1; 95% Cl, 55.7-72.5 mm for TE and
mean, 64.4; 95% Cl, 56.9-71.8 mm for TO; P=.96). Almost equal percentages of patients
would recommend their surgery to others at both 1 year (TE, 79% vs TO, 76%; OR, 0.8;
95% Cl, 0.4-1.9; P=.67) and 2 years (both 71%; OR, 1.0; 95% Cl, 0.5-2.1; P=.92).

Work and daily activities

Work impairment was minimal in both the CO2 laser TO and TE groups at 1 year (TO:
mean, 2.1%; 95% Cl, 1.5%-2.7%; vs TE: mean, 1.5%; 95% Cl, 0.8%-2.2%; mean difference,
—0.6%; 95% Cl, —1.5%-0.5%; P=.20) and 2 years (TO: mean, 1.6%; 95% Cl, 1.0%-2.2%
vs TE: 1.7%; 95% Cl, 1.0%-2.3%; mean difference, 0.1%; 95% Cl, —0.8% to 0.9%; P =.93).
Absolute interference with daily activities was similarly low in both groups at long-term
follow-up, but was statistically lower in the TE group at 1 year (TE: mean, 1.1%; 95% Cl,
0.7%-1.5% vs TO: mean, 1.8%; 95% Cl, 1.4%-2.2%; mean difference, —0.7%; 95% Cl, —1.3%
to —0.1%; P=.02) but not 2 years postoperatively (mean, 1.3; 95% Cl, 0.8-1.7 mm after
TE vs 1.6; 95% Cl, 1.2-2.0 mm after TO; mean difference, —0.3; 95% Cl, —0.9 to 0.3 mm;
P=.33).
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Utilities and QALYs

All postbaseline health-related quality of life utility measures showed small differences
between the TE and CO2 laser TO groups (Table 1; eFigure in Supplement 2), mostly
without statistical significance. Over 2 years, the cumulative QALY difference was 0.05
according to the EQ-5D (TO vs TE: means, 1.89 vs 1.84; P =.06; mean difference, 0.05; 95%
Cl, —0.00 to 0.11) and 0.02 according to the cumulative EQ-VAS (TO vs TE: means, 1.83 vs
1.81; P=.38; mean difference, 0.02; 95% Cl, —0.03 to 0.07).
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Table 1. Utilities and QALYs, Over Time and by Randomization Group

Utility measures.

Tonsillotomy Tonsillectomy

Characteristic {n = 98) (n = 98) Difference (95% CI) P valug
EQ-5D utilities
Baseline 0.87 0.90 0.03(-0.01100.07) 15
6wk 0.93 0.95 0.02(-0.01 10 0.05) 17
6mo 0.92 0.94 0.02 (-0.02 to 0.06) 36
12mo 091 0.94 0.03(-0.01 10 0.07) 21
24mo 0.93 097 0.04(-0.00 to 0.07) .03
EQ-5D QALYs
Year 1 0.92 0.94 0.02 (-0.01 10 0.05) 14
Year 2 0.92 0.95 0.03 (0.0010 0.06) 05
Both 1.84 1.89 0.05(-0.00t00.11) .06
EQ-VAS wtilities
Baseline 0.90 0387 -0.02 (-0.06 10 0.01) 2
6wk 091 091 0.00 {-0.04 to 0.04) 94
6mo 0.89 092 0.03 (-0.01 to 0.07) .20
12mo 091 0.92 0.01(-0.02 t0 0.04) 65
24 mo 0.91 092 0.01(-0.01100.04) .36
EO-VAS QALYs
Year 1 0.90 091 0.01(-0.02 10 0.04) 40
Year 2 0.91 0.92 0.01 (=0.01 t0 0.03) 44 Abbreviations: EQ-5D, EuroQol 5 Dimension; EQ-VAS,
Both 161 183 0.02(-0.0310 0.07) 38 i;“;‘f‘:;:;‘f;:;‘_"*“ Scale: QALYS. qualty-

1.0

g
E
=}
0.85-
—&—— EQ-5D Tonsillectomy
0.8- ——0 —- EQ-5D Laser tonsillectomy
—@&—— EQ-VAS Tonsillectomy
——0—- EQ-VAS Laser tonsillectomy
0.75

T
0 6 26 52 104

Time since randomization (in weeks)

EFIGURE. UTILITIES OVER TIME, BY RANDOMIZATION GROUP.

Costs

Costs per CO2 laser TO procedure were estimated at less than half the costs of the TE pro-
cedure (5869 vs $2363) (eTable 2 in Supplement 2). The difference in average surgery
costs per patient was estimated at $304 (95% Cl, $74-$534) (Table 2). This relatively small
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difference was due both to untreated patients in the TE group and repeated treatment
in the CO2 laser TO group.

ETABLE 2: COST PRICE OF THE TONSILLECTOMY AND CO,-LASER TONSILLOTOMY PROCEDURES (IN €)

Pre-procedure 10-minute outpatient visit' 197 197
Pre-operative anesthetic assessment 89

Operating room’ - 60 minutes 841

Day-care admission - bed occupancy 120 minutes 585

Outpatient personnel® - 45 minutes 136
Alterations to the outpatient treatment room* 15
Laser equipment® 123
Laser maintenance® 29
Laser materials 59
Post-procedure 10-minute outpatient visit 112 112
Total costs per procedure 1824 671

1. A pre-procedure outpatient visit was also counted for patients who did not undergo either procedure, but not for
repeat CO,-laser tonsillotomy

2. Including personnel

3. Physician plus an assistant

4. Assuming 25,000 euro, distributed over 2000 patients during 20 year

5. Assuming 105,000 euro, distributed over 1000 patients during 10 year

6. Assuming 2,500 euro annually, distributed over 100 patients

Table 2. Average 2-Year Tonsil-Related Health Care and Societal Costs Per Patient, by Randomization Group

(n=98) Tonsillectomy (n = 98) Differences
Variable % Volume Costs (SD), $ % Volume Costs (SD), $ Costs, $ Pvalue
Tonsillectomy 9 0.09 185 (580) 76 0.76 1519 (865) 1334 <.001
CO,-laser tonsillotomy 98 1.19 1030 (472) 0 0.00 0(0) -1030 <.001
Total surgery costs 99 1.29 1215 (754) 76 0.76 1519 (865) 304 .01
Pain medication 56 NA 10 (28) 34 NA 9(31) =il 73
Antibiotics 25 NA 9(25) 6 NA 1(9) -8 .01
General practitioner 37 0.94 52 (95) 32 0.71 39(79) -13 38
Speech therapist 5 0.20 10 (47) 2 0.19 9(82) 0 .96
Alternative care 3 0.09 9 (60) 1 0.02 3(22) -6 27
Company physician 4 0.10 13 (75) 0 0.01 1(26) -12 17
Emergency department 4 0.06 27 (136) 6 0.06 27 (109) 0 .99
Hospitalization® 3 0.21 168 (1315) 7 0.13 102 (573) -65 .67
Total nonsurgery health care NA NA 299 (1567) NA NA 192 (624) -106 .55
Total health care costs NA NA 1514 (1760) NA NA 1711 (1053) 197 .35
Absenteeism from work® 73 22 810 (1083) 72 5.8 2154 (3163) 1345 .003
Presenteeism at work® 56 0.7 254 (636) 47 1.7 637 (1334) 383 .03
Total productivity 76 29 1063 (1328) 73 75 2791 (3574) 1728 .001
Total societal costs (SD) NA NA 2578(2223) NA NA 4503 (3777) 1925 .001

Abbreviation: NA, not applicable.
2 Volume is in hospital days.

® During 6 weeks after the initial procedure. Volume is in working day equivalents.
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Other health care costs were consistently higher in the CO2 laser TO group, but these
differences were not statistically significant and were limited in size. The difference in
total health care costs was estimated at a nonsignificant and small amount of $197 (95%
Cl, —$223 t0 $618).

Both absence from work and reduced productivity while at work were significantly
higher in the TE group during 6 weeks after the initial procedure, with an estimated
combined cost difference of $1728 (95% Cl, $766-$2690). As a result, the total societal
costs were also significantly higher in the TE group, by $1925 (95% Cl, $854-52997).

Cost-effectiveness

Figure 3 shows the probability that CO2 laser TO is cost-effective compared with TE,
depending on the willingness to pay per QALY. For this relatively mild condition, the
appropriate cost-effectiveness threshold in the Netherlands is $25 907 per QALY." At
that threshold, CO laser TO is 71% likely to be cost-effective compared with TE. The
estimated cost-utility ratio is $36 269 per QALY (95% Cl, $11 658-infinity), favoring the
less-expensive CO2 laser TO.

Three sensitivity analyses were conducted to account for potential biases. In the first
sensitivity analysis, only health care costs were considered, excluding productivity costs
(SA1 in Figure 3). At a threshold of $25 907 per QALY, this reduced the likelihood of CO2
laser TO being cost-effective to 6%, highlighting the importance of productivity costs in
cost-effectiveness.

In the TE group, 24% of patients had no registered TE, likely due to dropouts after not
being assigned the CO2 laser TO. These patients may have received TE at a more conve-
nient hospital. In the second sensitivity analysis, all unregistered cases were assumed
to have received TE, which increased the surgery cost difference by $472, resulting in a
total difference of $776 (95% Cl, $627-$926). This raised the likelihood of CO2 laser TO
being cost-effective from 71% to 85% at a $25 907 per QALY threshold (SA2 in Figure 3).

In the third sensitivity analysis (SA3 in Figure 3), QALYs were calculated using the EQ-
VAS instead of the EQ-5D, reducing the QALY advantage for TE. This increased the prob-
ability of CO2 laser TO being cost-effective to 93% at a $25 907 per QALY threshold, with
an estimated cost-utility ratio of $91 969 per QALY (95% Cl, $24 611-infinity), favoring
the less-expensive CO2 laser TO.
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FIGURE 3. COST-EFFECTIVENESS ACCEPTABILITY CURVES
COST-EFFECTIVENESS ACCEPTABILITY CURVES SHOW THE PROBABILITY THAT CARBON DIOXIDE (CO2) LASER TON-
SILLOTOMY (TO) IS COST-EFFECTIVE COMPARED WITH TONSILLECTOMY (TE), DEPENDING ON THE WILLINGNESS
TO PAY PER QUALITY-ADJUSTED LIFE-YEAR (QALY). DIFFERENT CURVES SHOW THE BASE-CASE ANALYSIS AND
3 SENSITIVITY ANALYSES. TO CONVERT EUROS TO US DOLLARS, THE 2024 ORGANISATION FOR ECONOMIC CO-
OPERATION AND DEVELOPMENT PURCHASING POWER PARITY FOR GROSS DOMESTIC PRODUCT (€0.772=51) AP-
PLIES. SAT: ONLY HEALTH CARE COSTS; SA2: ASSUMING UNREGISTERED CASES RECEIVED TE; AND SA3: EUROQOL
5 DIMENSION (EQ-5D) AND EUROQOL VISUAL ANALOGUE SCALE (EQ-VAS).

DiscussIiON

To our knowledge, this secondary analysis of a randomized clinical trial is the largest
to compare long-term outcomes of CO2 laser TO and TE in adults. Previous findings
reported that CO2 laser TO led to faster, less-painful recovery and lower postoperative
hemorrhage compared with TE. Although symptom persistence was higher with CO2
laser TO at 6 months, both groups experienced reduced symptom severity, improved
quality of life, and high patient satisfaction.” At 1- and 2-year follow-ups, patients who
underwent TE reported fewer and milder symptoms than those who received CO2 laser
TO. Both groups with residual symptoms experienced significant symptom reduction
to clinically nonrelevant levels after 2 years (VAS <20 mm). Satisfaction, willingness to
recommend surgery, and work productivity impact were similar across both time points.
While CO2 laser TO had slightly lower QALYs, it significantly reduced surgery and pro-
ductivity costs, with a 71% to 93% likelihood of being cost-effective. These findings are

150



consistent with the 6-month data, where 57% of patients in the CO2 laser TO group and
35% of those in the TE group had persistent symptoms, with 13% of patients in the CO2
laser TO group needing a second treatment.’ Both groups showed reduced symptom
severity at 6 months, which continued through the 1- and 2-year follow-ups. Quality of
life improvements also persisted. Although patients in the TE group had slightly higher
satisfaction at 6 months, this difference diminished over time. A similar percentage of
patients in both groups would recommend their surgeries. These results address gaps
in the literature, which emphasize short-term benefits of TO but with limited evidence
on long-term outcomes.>'> The higher occurrence of residual symptoms after CO2 laser
TO is likely due to incomplete tonsil removal, unlike TE. Retaining the tonsillar bed with
major nerves and blood vessels allows CO2 laser TO to be performed under local anes-
thesia and reduces postoperative bleeding, which lowers the need for surgical revision
due to hemorrhage and reduces postoperative pain and recovery time.” However, the
management of postoperative bleeding may vary across institutions, particularly in the
threshold for performing surgical revisions. This highlights the importance of consider-
ing institutional practices and patient preferences when counseling on TO vs TE. Some
patients required a second procedure within 6 months, resulting in significant and last-
ing symptom improvement, underscoring the importance of adequate tissue removal
for successful CO2 laser TO.

To date, few studies have compared the long-term efficacy of TE and TO in adults.
A review reported no significant difference in outcomes over up to 6 years in 5 of 6
studies, although variations in surgical methods, indications, and criteria complicated
comparisons, and some studies lacked quality.’ A previous nonrandomized cohort study
reported 72.5% of patients were symptom-free 1 year after CO2 laser TO vs 97.2% after
TE, with similar satisfaction.” Outside the adult context, longer-term follow-up in children
support the durability of TO. A 12-year follow-up study in children found no significant
differences between TO and TE in disease-specific quality of life, throat infections, or
satisfaction rates, with most patients free from tonsil-related issues." Similarly, a 6-year
randomized study in children comparing CO2 laser TO with TE found equally stable
outcomes in snoring, apneas, and infections, with no significant differences between
groups. Patient satisfaction and health improvements were high in both study arms."

The cost-effectiveness of TO in adults has been minimally studied, with some research
suggesting it may be more cost-effective than TE."'® However, to our knowledge, this
study provides the only systematic evaluation of TO cost-effectiveness in adults to date.
In contrast, TE vs conservative management for recurrent tonsillitis in adults has been
extensively studied, with a large randomized clinical trial showing TE to be both clini-
cally effective and cost-effective compared with conservative management.2 While our

151



CHAPTER 7 | Long-Term Efficacy and Cost-Effectiveness of Laser Tonsillotomy vs Tonsillectomy

study lacked a conservative management arm, it is plausible that immediate CO2 laser
TO is also cost-effective compared with conservative management. In this study, the
costs for CO2 laser TO were considerably lower than for TE (5869 vs $2363). However,
due to additional surgeries in the TO group, the total cost difference was reduced to
$304. This likely underestimates the true cost difference, as some patients in the TE
group may have received TE elsewhere during the study period. Given that over 100 000
tonsillectomy procedures are performed annually in the US alone, the potential cost
savings demonstrated by CO2 laser TO could have substantial societal and health care
system implications.'” Beyond cost savings from avoiding general anesthesia, CO2 laser
TO frees operating rooms for procedures requiring anesthesia. This logistical advantage
is useful, especially with the growing global backlog of surgeries.' To our knowledge,
this is the largest randomized clinical trial and the first to evaluate the cost-effectiveness
of CO2 laser TO in adults, showing a 71% likelihood of being cost-effective compared
with TE ata $25 907 per QALY threshold. Sensitivity analyses highlight the importance of
productivity costs, as focusing solely on health care costs reduces this likelihood to 6%,
while accounting for patients with unregistered TE increases it to 85%. These results rely
on the EQ-5D tool for health-related quality of life measurement, which may not fully
capture tonsil-related issues. The EQ-VAS, reflecting patients’ overall health perceptions,
could provide a more comprehensive assessment.'”? Using the EQ-VAS to calculate
QALYs raises the likelihood of CO2 laser TO being cost-effective to 93%.

While there are many different methods used for TO surgeries, we chose to use a CO2
laser. The CO2 laser efficiently cuts and evaporates tissue with photothermal hemosta-
sis, minimizing surrounding tissue damage, edema, and scarring compared with other

methods.?"*

LIMITATIONS

This study has limitations. The TE group had a higher withdrawal rate, but since with-
drawals were not based on treatment outcomes, bias is unlikely. Baseline characteristics
of treated (both within and outside the study) and withdrawn patients showed no sig-
nificant differences, suggesting minimal withdrawal bias. The higher TE withdrawal rate
may reflect reluctance toward more invasive surgery, and the intention-to-treat analysis
mirrors clinical practice patient burden and treatment effect. Sensitivity analysis assum-
ing all withdrawals received TE elsewhere increased the surgical cost difference. Patients
were asked about additional treatments during follow-up, but not all who opted out of TE
completed questionnaires, potentially missing some TE treatments conducted outside
the study. Multiple imputations addressed potential missing data bias. Further limita-
tions are that nonsurgical health care and productivity were patient-reported and could
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be subject to bias, as patients were aware of their treatment allocation. The study setting
may not reflect other health care systems with different cost-effectiveness thresholds
than the $25 907 per QALY used. Dutch postprocedure management practices and costs
may not be entirely generalizable internationally due to differences in health care sys-
tems and guidelines, although the core findings, such as quicker recovery, reduced need
for general anesthesia, and cost-effectiveness, are likely applicable in similar settings.
Additionally, we did not specifically analyze the potential impact of procedural timing
on absenteeism. While this factor could influence the results, any effect is likely minimal.

CONCLUSION

Based on results of this randomized clinical trial, CO2 laser TO appears to be ideal for
adult patients prioritizing quicker recovery and less postoperative discomfort. It suits
those unable or unwilling to undergo general anesthesia, need minimal disruption to
daily activities, or are apprehensive about the invasiveness of TE.

In addition, CO2 laser TO is recommended for patients with mild to moderate recur-
rent tonsil-related symptoms, where full tonsil removal may not always be necessary.
Although some residual tissue and symptoms may remain, TO significantly reduces
symptom severity to clinically nonrelevant levels, with low postoperative risk and low
health care cost. Its reduced need for in-hospital care and preservation of tonsillar struc-
ture might align better with health care goals of individual patients.

For patients who wish to avoid the possibility of a secondary procedure, traditional TE
may be the more appropriate choice. Careful patient selection and counseling about the
potential for residual symptoms and a secondary procedure are essential to optimizing
outcomes and satisfaction. This personalized approach, backed by the major economic
benefits demonstrated in this study, underscores the value of integrating CO2 laser TO
into treatment strategies for persistent tonsil-related afflictions in adults.

This study’s long-term follow-up showed that CO2 laser TO was less effective than TE in
fully resolving tonsil issues but led to a substantial decrease in symptoms for all patients
with residual symptoms, resulting in similar patient satisfaction. A slight advantage in
2-year QALYs was noted with TE, but CO2 laser TO was less costly, with lower societal
costs due to reduced work absence and productivity loss. Based on these findings, CO2
laser TO appears to be a safe, effective, and cost-effective method for long-term relief of
tonsil-related problems with excellent patient satisfaction.
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EMETHODS IN DETAIL

Study design and participants

The TOMTOM study (Netherlands Trial Register, Identifier: NL6866 [NTR7044]), conducted
in 5 Dutch teaching hospitals, adhered to CONSORT guidelines and received approval
from The Hague's Research Ethics Committee. Short-term follow-up results of this study
were previously published.' Patients were recruited from January 2018 to December
2019.

The study included adult patients with chronic or recurrent tonsillitis, halitosis, tonsil-
lolithiasis, dysphagia, and sleep apnea attributed to tonsillar problems. Tonsil symptoms
had to be inadequately responsive to conservative treatment methods, necessitating
surgical intervention as per the prevailing treatment guidelines in the Netherlands.?
Exclusion criteria comprised inability to complete all trial procedures and follow-up
visits, inability to keep the mouth open continuously for at least 5 seconds or relax the
jaw for 30 minutes, Inadequate exposure of the entire tonsil on physical examination,
including Friedman grade 4 (kissing) tonsils. With kissing tonsils, the laser must be
directed straight toward the back of the throat during the initial phase of the laser treat-
ment, increasing the risk of damaging the posterior pharyngeal wall due to the lack of a
protective buffer of tonsil tissue. history of peritonsillar abscess, coagulation disorders
(including anticoagulant use), contraindications for local or general anesthesia, evident
tonsil asymmetry or signs suggesting potential (pre-)malignant oropharyngeal neo-
plasms, immunodeficiency, and pregnancy. Patients provided written informed consent.

Randomization

Computer-generated random numbers were used for assigning patients randomly to
either CO,-laser TO or TE, with stratified randomization based on their primary tonsil
concern. Patients were allowed to undergo additional surgical treatments if clinically
necessary to maintain a pragmatic and ethical randomized clinical trial design, and
those who opted out of their assigned treatment were requested to allow continued
data collection on tonsil symptoms and subsequent surgeries.

Procedures

CO2 Laser Tonsillotomy under Local Anesthesia

CO,-laser TO was performed in ambulatory intervention rooms, adhering to standard
laser safety guidelines.® Prior to surgery, each patient received oral acetaminophen
(1 gram). Local anesthesia of the tonsil was achieved with xylocaine (2%) containing
adrenaline (1:80,000 units), up to a maximum of 5.4 mL. For patients with a significant
residual gag reflex, xylocaine (10%) was sprayed on the peritonsillar area. Patients were
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instructed to breathe deeply; during exhalation, with the tongue depressed, the tonsil
crypts were evaporated in a sweeping motion until complete cryptolysis was achieved.
In case of bleeding, coagulation was performed by adjusting the laser out of focus. A
step-by-step video protocol for this intervention has been previously published.* All
CO,-laser TO procedures were conducted at the primary clinical study center, with par-
ticipating centers located within a two-hour driving distance, facilitating patient access
to treatment.

Patients assigned to CO,-laser TO were instructed to gradually diminish their gag reflex
by brushing their tongue base and tonsils with a toothbrush during regular teeth brush-
ing two weeks before surgery.

Classic Dissection Tonsillectomy

Classic dissection tonsillectomy procedures were conducted at all study centers.
Patients were placed in a supine position and administered general anesthesia with
endotracheal intubation. A Mclvor retractor was then applied, and the superior pole
of the tonsil was grasped using an Allis clamp. To expose the tonsil an incision on the
anterior pillar of the tonsil was made and the tonsil was removed using a tonsil clamp
and scissors. Hemostasis was achieved with gauze and gentle pressure for 5 minutes. If
necessary for complete hemostasis electrosurgery was performed on bleeding vessels.
Afterwards, patients were monitored in the postanesthetic care unit and discharged on
the same day.

Postoperative Pain Medication

Patients were provided postoperative pain relief with acetaminophen, 500 mg, as
needed, up to 4 times daily (max 1000 mg per dose). If required, diclofenac, 50 mg, was
also administered up to 3 times daily for the initial 3 days post-surgery. Tramadol was
prescribed if acetaminophen and diclofenac did not provide adequate pain control.

Data collection

Data on tonsil-related symptoms, quality of life (measured with the 5-level EuroQol 5-Di-
mensions survey [EQ-5D]° including the visual analogue scale [EQ-VAS]), healthcare use,
work productivity and activity impairment (measured with the Work Productivity and
Activity Impairment [WPAI] questionnaire®), and overall satisfaction with the received
treatment (assessed on a 0-100 mm Visual Analog Scale [VAS]) were collected one and
two years after surgery through digital questionnaires. In addition, at two and six weeks,
patients were asked when they felt fully recovered and when they returned to work.
For the effectiveness analysis, patients who had not fully recovered, returned to work,
or ceased analgesic medication within 14 days post-surgery were censored at that time
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point. This approach ensured that short-term recovery comparisons were limited to
the predefined 14-day window. Patients with recovery times longer than 14 days were
included in the long-term follow-up analysis, and their economic impact was assessed
based on six-week follow-up data to capture extended recovery experiences. To handle
missing data, multiple imputation was used to create 100 completed datasets, using
logistic, ordered logistic and linear regression models with predictive mean matching.”
Predictors were randomization, sex, age, EQ-5D utilities over time and the VAS for se-
verity of throat complaints over time. Additionally, for repeated measures, that same
measure at other timepoints was used as predictor. In case of insufficient variation in the
data, fewer predictors were used.

Economic evaluation

A cost-utility analysis was performed from a societal perspective, at price level 2023, with
a two-year time horizon. Utility reflects the value of quality of life, on a scale anchored at
0 (=as bad as death) and 1 (=perfect health). Utility was calculated using the Dutch tariff
for the EQ-5D® and the EQ-VAS with power transformation.’ Quality-adjusted life years
(QALYs) were calculated by the area under the utility curves over the follow-up period.
The frequency of CO,-laser TO and TE was assessed from the hospital administrations.
A cost-price analysis was performed for both procedures. Other tonsil-related health-
care use was reported by patients and valued using Dutch reference prices, without
discounting.'® Absenteeism from work was calculated by the patient-reported time to
return to work. Presenteeism at work was calculated by the time between self-reported
return to work and return to normal self, multiplied by the degree of impediment to
work according to the WPAI. Both absenteeism and presenteeism were valued at €286
per full day.'® Cost-effectiveness acceptability curves were calculated as the one-sided
p-value for the difference in net benefit, depending on the willingness to pay for a QALY
(NB = WTP X\ QALY — Costs). Three sensitivity analyses were performed, in which costs
were limited to healthcare costs (instead of societal costs), patients without registered
TE or CO,-laser TO were assumed to have had TE (instead of assuming no procedure),
and QALYs were calculated from the EQ-Visual Analog Scale (EQ-VAS, instead of the EQ-
5D index score).

Statistical analysis

The target sample size was determined for previously published short-term outcomes
of this study." The calculation based on data from a prior non-randomized prospective
study."" Using a 2-sided log-rank test with a total sample size of 190 patients (95 in each
group), the study achieved 80.2% power at a .05 significance level. This allowed for the
detection of a CO,-laser TO median functional recovery time of 8 days, assuming the TE
group median survival time was 13.5 days, within a total observation time of 14 days.
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Baseline demographic and clinical characteristics are presented as means with SDs, or as
counts and percentages. Long-term clinical outcomes at one- and two-year after surgery
were performed on an intention-to-treat basis (randomized patients analyzed according
to randomization). Pooled means were compared months after surgery were compared
using unpaired t-tests and proportions of binary outcomes were compared using logistic
regression. Within the CO,-laser TO and TE groups, changes from baseline were assessed
using paired t-tests. Two-sided P values were computed, and a significance level of .05
was used for all testing. Statistical analyses were performed using SPSS, version 27 (IBM).
External data monitoring was performed yearly to ensure data quality.

Patient Involvement

Members of the Patient Advisory Board of the Hagaziekenhuis hospital were actively
involved in the development of the research questions, questionnaires, and recruitment
strategy. They provided valuable feedback on the clarity and relevance of the study
materials and consent forms. During data analysis, their perspectives helped interpret
the results, ensuring that the findings aligned with patient experiences and priorities.

Role of the funding source

There was no funding source for this study.
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