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Abstract After the surgical procedure of tonsillectomy,

hemorrhage ranks among its serious postoperative compli-

cations. In this systematic review, we analyze hemorrhage

following tonsillectomies performed using the coblation

technique. 24 prospective, randomized, and controlled

studies were included in the meta-analysis. Data of 796

patients who had undergone coblation tonsillectomy were

analyzed. Hemorrhages occurred in 33 patients: 2 classified

as primary and 26 as secondary hemorrhages. 5 could not be

classified into either group. Overall, the total hemorrhage

rate for the coblation procedure was 4.1% with a 95% con-

fidence interval from 2.8 to 5.5%. The overall hemorrhage

rate of 4.1% found in this meta-analysis shows that coblation

is a safe and effective technique for tonsillectomies with a

secondary bleeding rate similar to what is reported for

comparable techniques such as bipolar diathermia.
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Introduction

According to recent statistics presented by German uni-

versity hospitals, approximately every 25th patient under-

going a tonsillectomy in these hospitals providing maximal

medical care must reckon with postoperative hemorrhage

(requiring reoperation) (from 1.0 to 9.7%, median 3.8%)

[1]. The German Federal Office for Quality Assurance

[Bundesgeschäftsstelle für Qualitätssicherung (BQS)]

reported a hemorrhage rate of 4.7% for all hospitals in

2003 [2]. Reports of fatal complications go through the

press time and again, making both patients and surgeons

feel insecure [3]. Also, postoperative pain compromises the

patient’s recovery since the adequate intake of food and

drink can often not be ensured, especially in children [4, 5].

This situation has led to the development of reportedly

‘‘gentler’’ surgical methods such as that of coblation, also

called radiofrequency-based plasma dissection [6]. Con-

trary to initially publicized euphoria, a Cochrane analysis

of morbidity was unable to establish clear positive evi-

dence toward lower peri-operative and postoperative stress

on the patient caused by pain and blood loss [7]. In con-

trast, the focus has recently turned to the frequency of

hemorrhages following coblation tonsillectomies. This

systematic review will not elaborate on the coblation pro-

cedure itself, as comprehensive reports can be found in the

literature [8]. Instead, a meta-analysis is to resolve the

conflict between the widely differing data on hemorrhage

rates in the literature [9]. A reliable assessment of the risk

for postoperative hemorrhage would provide valuable

support to both patients and surgeons. Even in a systematic

review by the National Institute for Health and Clinical

Excellence (NICE), contradictory results were found in

terms of the incidences of secondary hemorrhages requir-

ing reoperation for the various tonsillectomy procedures

[10]. The report expressed a high degree of uncertainty

about this assertion due to the low number of secondary

hemorrhages at an average of less than 1% of all opera-

tions. For coblation, a lower rate was determined in com-

parison to the bipolar dissection and hemostasis method

across all studies examined. The purpose of the analysis

described below is to give a solid estimate of the risk of
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hemorrhage following coblation tonsillectomy based on all

prospective, randomized, controlled studies published to

date.

Materials and methods

The objective of this systematic review with a meta-anal-

ysis was to collect and evaluate data on the hemorrhage

rate after tonsillectomies using the coblation procedure. For

this purpose, data were gathered from available publica-

tions on randomized, controlled, prospective studies:

hemorrhages following tonsillectomy were divided into

primary hemorrhages, which occurred within 24 h fol-

lowing surgery, and secondary hemorrhages, which

appeared after 24 h, but especially between the 5th and

10th day after surgery [9]. The hemorrhage rate was

recorded as a total result for the analysis and, if specified,

classified as primary or secondary hemorrhage. Studies

were taken into consideration only if they reported the

hemorrhage rate after tonsillectomy using the coblation

method. In order to answer the question posed by the meta-

analysis in a systematic manner, an overview of the liter-

ature available on this topic was compiled. The criteria and

set of topics were defined for conducting the systematic

analysis of the question at hand. The search terms were

determined with these aspects in mind. The terms were

combined with one another, and the identified literature

was gathered. The keywords were: electrocoagulation/

*methods, tonsillectomy, hemorrhage, coblation, cold

ablation, plasma dissection, Arthrocare, tonsillotomy cob-

lation technology, tonsillectomy/*methods, electrosurgery/

*methods, electrosurgery, tonsillectomy/instrumentation*,

postoperative complications/epidemiology*, tonsillectomy/

*instruments (Table 1). Data found concerning the

research term ‘‘tonsillotomy’’ was not evaluated as relevant

by the reviewers and excluded in this meta-analysis since

tonsillotomy has a different indication than tonsillectomy

and, thus the hemorrhage rates are not comparable.

The systematic review of the literature was carried out

using the following electronic databases: Medline; Embase;

HTA; NHS EED database; NLCM (National Library of

Medicine); Scirus; ISI web of Knowledge and Science, and

the user interface Pubmed. We also searched for assessments

on the following website: NHS Institute for Health and

Clinical Excellence (http://guidance.nice.org.uk/). The lit-

erature gathered in the search was then evaluated and data

were extracted. Three independent reviewers evaluated the

abstracts (R.M., S.A., K.A.). Figure 1 shows the inclusion

and exclusion of the references during the review process.

Table 1 Literature quest
Key words and term combinations for literature search

Tonsillectomy/*methods AND Coblation

Tonsillectomy/instrumentation* AND Postoperative Complications/epidemiology*

Electrosurgery/*methods AND tonsillectomy/*methods

Surgical Instruments/trends* AND tonsillectomy

Tonsillectomy/*instruments AND Coblation

Electrocoagulation/*methods AND tonsillectomy AND hemorrhage

Electrosurgery AND tonsillectomy AND hemorrhage

(Coblation OR coblation technology OR coblation laser therapy OR cold ablation OR Arthrocare OR

tongue coblation) and (tonsillectomy OR tonsillotomy OR tonsillectomy methods OR adenoidectomy)

and (hemorrhage OR haemorrhage OR bleeding OR blood loss OR bleeding frequency OR bleeding rate

OR bleeding risk OR hemorrhage frequency)

(Coblation OR cold ablation OR Arthrocare) AND (Tonsillectomy OR Tonsillotomy) AND Hemorrhage

Coblation AND Tonsillectomy

Coblation AND Tonsillectomy AND Hemorrhage

Exclusion of irrelevant  

studies after review of the 

abstracts: n = 104 

Inclusion of relevant 

studies in the systematic 

review:

n = 24

Study not included because 

the original Chinese literature 

was not available: n = 1

Total number of studies 
researched: n = 135

Acquisition of the full 
texts of all potentially 
relevant studies: n = 25 

Studies not included because 
they were reviews: n = 6

Fig. 1 Study inclusions and exclusions during the review process
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Table 2 Overview studies included in meta-analysis

References In- or outpatient # patients # TH

CTE

# PH

CTE

# SH

CTE

# ‘‘return

to theatre’’

Study

location

Temple and Timms [11] Outpatient 18 0 0 0 CTE: 0 UK

Control: 0

Shah et al. [12] Outpatient 17 1 0 1 CTE: 1 USA

Control: 0

Timms and Temple [13] Outpatient 10 0 0 0 CTE: 0 UK

Control: 0

Arya et al. [14] Unknown 14 0 0 1 Unknown UK

Hall et al. [15] In- and outpatient 28 2 – – CTE: 0 USA

Control: 0

Stoker et al. [16] Outpatient 44 4 1 3 CTE: 0 USA

Control: 0

Chan et al. [17] Outpatient 27 1 0 1 CTE: 0 USA

Control: 0

Chang [18] In- and outpatient 52 0 0 0 CTE: 0 USA

Control: 0

Philpott et al. [19] Inpatient 43 11 0 11 CTE: 0 UK

Control: 0

Arya et al. [20] Inpatient 19 1 1 0 CTE: 0 UK

Control: 0

Littlefield [21] Outpatient 17 1 0 1 CTE: 0 USA

Control: 0

Parsons et al. [22] In- and outpatient

(mostly outpatients)

47 1 – – CTE: 1 USA

Control 1: 2

Control 2: 1

Polites et al. [23] Inpatient 19 1 0 1 CTE: 0 Australia

Control: 1

Noordzij and Affleck [24] Unknown 48 1 0 1 CTE: 0 USA

Control: 2

Tan et al. [25] Inpatient 29 2 0 2 CTE: 2 Singapore

Control: 0

Shapiro and Bhattacharyya [26] Outpatient 23 1 0 1 CTE: 1 USA

Control: 0

Mitic et al. [27] Outpatient 20 0 0 0 CTE: 0 Norway

Control: 0

Chang [28] Unknown 69 1 0 1 CTE: 1 USA

Magdy et al. [29] Outpatient 60 0 0 0 CTE: 0 Egypt

Controls: 0

Hasan et al. [30] In- and outpatient

(mostly outpatients)

20 1 0 1 CTE: 1 Finland

Control: 2

Di Rienzo Businco and Tirelli [31] Unknown 21 0 0 0 CTE: 0 Italy

Control: 0

Roje et al. [32] Inpatient 36 0 0 0 CTE: 0 Croatia

Control: 0

Parker et al. [33] Inpatient 37 2 – – CTE: 0 UK

Control: 0

D’Eredita and Bozzola [34] Unknown 78 1 0 1 CTE: 0 Italy

Control: 0
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After two independent reviewers had extracted the data from

the included studies, the data were analyzed by means of a

statistical procedure.

Statistical methods

For the meta-analysis, the proportions of the individual

studies were Freeman–Tukey transformed [35] to enable

the application of the common methods for fixed and

random effects [6]. The pooled proportion was then cal-

culated by inverse transformation of the weighted averages

of the transformed proportions. In the forest plot, the pro-

portions are depicted with 95% confidence intervals

according to Clopper and Pearson [36], with the surface of

the squares (point estimates) being proportional to the case

number of the particular study. Funnel plots were tested for

asymmetry [37]. The analysis was conducted in R 2.9.2

[38] (Library meta [39]).

Results

Analysis of the literature

Overall, 24 randomized, prospective and controlled studies

were taken into consideration (Table 2). The studies varied

in terms of study population. For the analysis, subgroups

were therefore formed according to age (adults and chil-

dren) (Table 3).

Heterogeneity

In the subgroup of adult patients the studies showed a

moderate degree of heterogeneity in terms of the total

hemorrhage rate [I2 = 61.6% (26; 80.1)] (Fig. 2) and the

secondary hemorrhage rate [I2 = 67.6% (35.1; 84)]

(Fig. 4).

Publication bias (effects of smaller studies)

Funnel plots and tests for asymmetry yielded no conclusive

indications of relevant biases. If they indeed exist, then an

overestimation of the pooled proportions, i.e. hemorrhage

rates, appears to be plausible (few, upward-tending study

results).

Patients

The pooling of all included studies resulted in a total of 796

patients. These could be subdivided into two age groups,

one consisting of 461 children and the other of 335 adults.

With regard to the child study population, the studies had

various age limits. In our analysis, study participants

\18 years of age were classified as children. Only patients

whose age was certain were assigned to one of the age

groups. Only those studies with a clear assignment of

patients were included in the subgroup analysis.

Postoperative hemorrhage

Of all tonsillectomies performed using coblation, an overall

hemorrhage incidence resulted for 33 patients. Of these, 2

could be classified as primary and 26 as secondary hem-

orrhages. 5 patients could not be classified into either

group. Overall, the hemorrhage rate for the coblation pro-

cedure based on the 24 available studies was 4.1% (95% CI

0.028–0.055) when assuming the so-called fixed effect

model and 4.4% (95% CI 0.026–0.066) for the random

effects model across all studies analyzed (Fig. 2). If only

the results of the subgroup children are taken into account,

the hemorrhage rate is 2.9% (fixed effect model, 95% CI

0.016–0.047) and 3.0% (random effects model, 95% CI

0.016–0.048). Taking the results of the subgroup adults

into consideration, the result is 5.8% (95% CI 0.036–0.086)

for the fixed effect model and 6.4% (95% CI 0.027–0.114)

for the random effects model.

Primary hemorrhage

Of all 21 studies that classified postoperative hemorrhage,

the primary hemorrhage rate for the fixed effect model was

0.9% (95% CI 0.003–0.017) and 0.9% (95% CI

0.003–0.017) for the random effects model (Fig. 3). The

data analysis of all adult patient data results in a

Table 3 Overview

postoperative hemorrhage rates

over all studies

Age group Number of

studies

Primary

hemorrhage

Secondary

hemorrhage

Total

hemorrhage

Adults ? children 24 0.9% (n = 21) 3.6% (n = 21) 4.1% (n = 24)

95% CI 0.3–1.7 95% CI 2.3–5.1 95% CI 2.8–5.5

Adults 11 0.8% (n = 9) 6.2% (n = 9) 5.8% (n = 11)

95% CI 0.08–2.2 95% CI 3.6–9.4 95% CI 3.6–8.6

Children 13 1.0% (n = 12) 2.3% (n = 12) 2.9% (n = 13)

95% CI 0.3–2.1 95% CI 1.1–4.0 95% CI 1.6–4.7
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hemorrhage rate of 0.8% for both models (identical 95% CI

for both models, 0.0008–0.022). For the children, the use of

both models likewise yields hemorrhage rates of 1.0%

(with identical 95% CI 0.003–0.021).

Secondary hemorrhage

The analysis of all available data on secondary hemorrhage

results in a rate of 3.6% for the fixed effect model (95% CI

0.023–0.051) and 3.9% for the random effects model (95%

CI 0.021–0.063) (Fig. 4). When differentiating among the

age groups, the resulting secondary hemorrhage rate is

6.2% (fixed effect model, 95% CI 0.036–0.094) and 6.8%

(random effects model, 95% CI 0.023–0.134) for the adult

group. Upon inspection and evaluation of the secondary

hemorrhage rates of children, both models likewise yield

hemorrhage rates of 2.3% with identical 95% CI for both

models (95% CI 0.011–0.040).

Discussion

There is still no generally accepted definition of the term

hemorrhage with regard to post-tonsillectomy hemorrhage

available. Different authors may use varying definitions of

hemorrhage depending on their technique used for assess-

ing hemorrhage, e.g. macroscopic evaluation or by

microscope. Some publications focused solely on the need

to return to theater, meaning hemorrhage requiring reop-

eration, whereas other studies recorded all postoperative

hemorrhages. The discrepancies in definitions of secondary

bleeding led to a big variation in figures stated in various

publications. Thus, bleeding rate percentages have to be

interpreted carefully. This should also to be taken into

account when interpreting the results of this study.

Moreover, in Europe, no consensus concerning the term

‘‘inpatient’’ and ‘‘outpatient’’ with regard to the duration of

stay in hospital exists [40]. In Germany and Austria for

Fig. 2 Total hemorrhage rate,

test for heterogeneity:

v2 = 258.82, df = 37,

p \ 0.0001, I2 = 85.7%. Test

for overall effect: z = 11.8925,

p \ 0.0001
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example, some inpatients stay 5 days postoperatively in

hospital, whereas in the UK and Sweden an inpatient mostly

stays overnight after surgery. These differing treatment

patterns in various countries also have to be taken into

account when analyzing bleeding rates (Table 2).

In May 2005 the Royal College of Surgeons of England

published the data from the National Prospective Audit of

Tonsillectomy (NPTA), which analyzed over 40,514

operation records in England and Northern Ireland [41]. In

this report, four different applications of ‘‘electrosurgery’’

were discussed; in particular, the various applications of

diathermy such as dissection or hemostasis (bipolar with

forceps or scissors/monopolar) and coblation. These were

compared with cold steel dissection when used in combi-

nation with various hemostasic procedures (hemostasis

with ties and/or packs, with bipolar or monopolar dia-

thermy). The two most common surgical techniques

observed were cold steel dissection combined with bipolar

diathermy for hemostasis (35%), followed by bipolar dia-

thermy forceps (30%). Five percent of all patients under-

went an operation using the coblation procedure. In the

NPTA final report, focus was placed on postoperative

hemorrhage, classifying it into primary and secondary

hemorrhage rates. Comparing the two radiofrequency-

based techniques for tonsillectomy, overall postoperative

hemorrhage rates for bipolar diathermy and coblation were

identical (4.6%). The differences between both techniques

were mostly reflected by variations in the secondary

bleeding rates. While primary bleeding events are often

caused by insufficient intraoperative hemostasis, secondary

hemorrhage is frequently related to the rejection of the

wound surface and fibrinogen degeneration during wound

healing determined by the surgical technique used for

tonsillectomy [42]. According to the NPTA report, the

secondary bleeding rate with coblation was found to be

3.6%, falling between the hemorrhage rates reported for

Fig. 3 Primary hemorrhage

rate, test for heterogeneity:

v2 = 5.59, df = 20,

p = 0.9993, I2 = 0%. Test for

overall effect: z = 4.9947,

p \ 0.0001
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cold steel with bipolar diathermy (2.3%) and bipolar dia-

thermy forceps (4.4%). Regarding reoperation for postop-

erative hemorrhage, both electrosurgical tonsillectomy

techniques required a slightly higher rate of reoperation

than following the cold steel method with bipolar dia-

thermy (0.7 as opposed to 0.4%).

Divergent trends pertaining to the use of coblation and

bipolar diathermy could be found for different parts of the

United Kingdom [43]. The Wales Single-use Instrument

Surveillance Programme (SISP), which involved 3,690

patients who underwent tonsillectomy during the period

from February 2003 to March 2004, indicates that the

electrosurgery techniques were used less frequently than in

England and Northern Ireland. In the SISP registry report

secondary hemorrhage requiring return to theater after cold

steel dissection with bipolar diathermy was found to be 0%

(95% CI 0–2.7%). The rate of return to theater concerning

bipolar diathermy was 2.2%, with coblation (0.5%) lying

between cold steel with bipolar diathermy and bipolar

diathermy hemorrhage rates. When taking into account the

partially overlapping confidence intervals, it can be

assumed that coblation, compared to the classical surgery

technique and bipolar diathermy, is a safe method for

tonsillectomy.

Another point that deserves to be mentioned is that some

authors [44, 45] report about standardized premedication in

children, as well as intraoperative pain therapy and post-

operative treatment of pain with nonsteroidal anti-inflam-

matory drugs (NSAIDs). In a meta-analysis, Moiniche

et al. [46] observe that under this form of pain therapy,

reoperations due to hemorrhage are necessary at an average

of more than twice as often (OR = 2.33).

Possible sources of the heterogeneity of the total hem-

orrhage rates identified in the adult subgroup could lie in

the unequal degrees of surgeons’ operative experience, but

they could also be due to the varying patient compliance,

smoking habits, co-morbidity, condition of the tonsils, or

coagulation disorders.

Fig. 4 Secondary hemorrhage

rate, test for heterogeneity:

v2 = 39.61, df = 20,

p = 0.0056, I2 = 49.5%. Test

for overall effect: z = 7.1576,

p \ 0.0001
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Our data shows a higher hemorrhage rate in the adult

subgroup (5.8%) compared to the child subgroup (2.9%).

This finding is in line with previous studies [47–53] which

also demonstrate an age-dependence for post-tonsillectomy

bleeding. This age-dependence is attributed to the fact that

older patients have suffered from recurring infections of

the tonsils [53] and that patient noncompliance with regard

to postoperative management including dietary intake and

physical rest increases in the age group between 11 and

40 years [48, 51].

Parental supervision contributes directly to high com-

pliance rates, as children have less freedom of dietary

intake after tonsillectomy than adults have. Moreover, it

can be assumed that children suffer from less co-morbidity

than adults. These assumptions are also consistent with the

findings of Myssiorek et al. [50] and Carmody et al. [49]

who show that age is a significant risk factor for post-

tonsillectomy hemorrhages, since older patients more often

have a history of chronic tonsillitis and are allowed more

freedom of dietary intake postoperatively. Consequently,

this may lead to an increased risk of secondary hemorrhage

due to dietary trauma, as suggested by the increased inci-

dence of bleeding between days 5 and 12, a period when

eating increases as the odynophagia wanes away.

Very low hemorrhage rates were observed in individual

studies. Nevertheless, in one study an even more signifi-

cantly raised hemorrhage rate was observed. The latter [19]

was far beyond the 95% confidence interval of 2.8–5.5%

published in the literature, and might possibly have to be

interpreted in terms of an autodidactic learning process as

previously described in [54]. In light of this analysis, it

appears reasonable that as with any other surgical tech-

nique, sufficient and proper training is essential. In the

hands of trained surgeons, the coblation method does not

appear to generate a high hemorrhage rate.

Conclusion

Based on our findings from the meta-analysis, we conclude

that coblation is a safe and effective method for tonsil-

lectomy compared to other radiofrequency-based tech-

niques. Nevertheless, every bleeding, regardless of the

technique chosen for the tonsillectomy, is a life-threatening

event and needs to be treated with utmost care. This

analysis clearly showed that there is need for a consistent

definition of bleeding after tonsillectomies, as proposed by

the Austrian Survey on tonsillectomy.1
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