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Abstract

Background: Thyroid storm is a feared complication in patients with hyperthyroidism undergoing surgery. We assessed

the risk of thyroid storm for different preoperative treatment options for patients with primary hyperthyroidism un-

dergoing surgery.

Methods: Pubmed, EMBASE, and The Cochrane Library were searched systematically for all studies reporting on adult

hyperthyroid patients undergoing elective surgery under general anaesthesia. Selected studies were categorised based on

preoperative treatment: no treatment, antithyroid medication (thionamides), iodine, b-blocking medication, or a com-

bination thereof. Treatment effect, that is restoring euthyroidism, was extracted from the publications if available. Risk

of bias was assessed using the Risk of Bias in Non-randomised Studies of Interventions (ROBINS-I) or the Cochrane Risk

of Bias tool for randomised studies.

Results: The search yielded 7009 articles, of which 26 studies published between 1975 and 2020 were selected for critical

appraisal. All studies had moderate to critical risk of bias, mainly attributable to risk of confounding, classification of

intervention status, and definition of the outcome. All studies reported on thyroidectomy patients. We found no rand-

omised studies comparing the risk of thyroid storm between treated and untreated patients. Cases of thyroid storm were

reported in all treatment groups with incidences described ranging from 0% to 14%.

Conclusion: Evidence assessing the risk of perioperative thyroid storm is of insufficient quality. Given the seriousness of

this complication and the impossibility of identifying patients at increased risk, preoperative treatment of these patients

remains warranted.
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Editor’s key points

� Guidelines advise preoperative treatment of hyper-

thyroid patients with thionamides, iodine, or b-
blockers (or a combination of these) until a euthyroid

state is achieved, but evidence supporting these

guidelines is lacking.
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� In this systematic review, the authors present evi-

dence that preoperative treatment does not safe-

guard a euthyroid or hyperthyroid patient against

perioperative thyroid storm.

� However, given the danger of the complication and the

difficulty in identifying patients at particular risk, pre-

operative treatment of these patients is still warranted.
thesia. This is an open access article under the CC BY license (http://

879

mailto:n.demul-3@umcutrecht.nl
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:permissions@elsevier.com
https://doi.org/10.1016/j.bja.2021.06.043


880 - de Mul et al.
Hyperthyroidism is a relatively common condition with an

estimated prevalence between 1% and 3%, of which approxi-

mately 25% to 50% is subclinical.1e3 A rare but feared compli-

cation of hyperthyroidism is a thyroid storm.4 In this

hypermetabolic state, atrial fibrillation, congestive heart fail-

ure, and liver failure can develop,5 and when left untreated,

mortality rates between 8% and 25% are reported.6

Although the exact pathophysiological mechanism under-

lying thyroid storm has not been elucidated, sudden fluctua-

tions in physical stress such as trauma and surgery can

provoke a thyroid storm. Anaesthesiology7e13 and most.14e16

but not all,17 internal medicine textbooks and the American

Association of Endocrine Surgeons Guidelines6,18 therefore

advise to treat these patients before surgery to prevent thyroid

storm. Treatment options are antithyroid medication (thio-

namides) until a euthyroid state is achieved, iodide therapy to

decrease the production of thyroid hormones and inhibit

hormone secretion, b-blocking medication until haemody-

namic stability is achieved, or a combination of these drugs. Of

course, forewarned is forearmed, and, as a result, protocols

recommending these preventive treatment strategies are

widely used in perioperative practice. However, none of these

textbooks refer to studies that provide evidence that preop-

erative treatment of hyperthyroidism decreases the incidence

of thyroid storm.

Quantifying the risk of developing thyroid storm, both in

treated and untreated hyperthyroid patients, could prove to be

valuable in weighing the risk of thyroid storm vs the potential

benefits of postponing surgery to achieve perioperative

euthyroidism. This led to our primary research question:What

is the risk of perioperative thyroid storm in surgical hyper-

thyroid patients with and without one of the aforementioned

preoperative antithyroid treatment regimens? To this aim, we

conducted a systematic search of the literature including all

studies investigating untreated and pretreated hyperthyroid

patients undergoing surgery under general anaesthesia and

reporting on perioperative and postoperative morbidity asso-

ciated with thyroid storm, occurrence of thyroid storm, or

both.
Methods

Criteria for considering studies for this review

Types of studies

All original research reports that studied the risk of thyroid

storm after surgery under general anaesthesia in hyperthyroid

patients were considered for inclusion regardless of study

design. Non-systematic reviews, conference abstracts, and

studies in languages other than English and Dutch were

excluded. Owing to the rarity of this outcome, case reports and

case series were included. We defined case series as a

description of selected cases without a prespecified research

question at the point of data collection.
Targeted population

We included studies on adult (�18 yr) patients undergoing any

type of surgery under general anaesthesia. Studies in which

preoperative hyperthyroidism was not objectified by labora-

tory findings but merely diagnosed based on clinical signs

were excluded for further data analysis. To obtain an as ho-

mogeneous population as possible, only studies reporting on

patients with primary hyperthyroidism were included,
resulting in studies reporting on secondary and tertiary hy-

perthyroidism and exogenous causes of thyrotoxicosis

(amiodarone induced thyrotoxicosis, molar pregnancy, pitui-

tary tumours etc.) to be excluded from the current review. This

was decided because molar pregnancy and pituitary tumours

are very rare causes, and the preoperative treatment of

amiodarone-induced thyrotoxicosis is different from the pre-

operative treatment of primary hyperthyroidism. Further-

more, in this particular patient group, it is difficult to

distinguish between symptoms associated with the underly-

ing cardiac arrhythmia requiring amiodarone treatment and

possible superimposed symptoms because of thyroid storm.
Targeted intervention and comparator

As the course of action concerning preventive preoperative

treatment of the hyperthyroid patient has changed over the

years, we included studies reporting on hyperthyroid patients

undergoing surgery, either or not preventively treated with

antithyroid medication, b-blockers, iodine preparations, cor-

ticosteroids, or a combination of these medications. To ease

interpretation of the results, we divided the studies describing

patients who received an intervention into four groups (the

comparator being group 1):

1. Hyperthyroid patients not preventively treated before

surgery

2. Hyperthyroid patients preventively treated before surgery

using solely antithyroid medication

3. Hyperthyroid patients preventively treated before surgery

using solely b-blocking medication

4. Hyperthyroid patients preventively treated before surgery

using a combination of medications

5. Studies comparing different preventive treatment

strategies

Studies in which preoperative treatment regime was not

clearly described were excluded. Preoperative treatment >24 h

before surgery was considered as relevant preventive or pre-

operative treatment of the patient.
Targeted outcome

We included all studies reporting on the occurrence of thyroid

storm and case reports reporting on detailed associated

symptoms of thyroid storm. If occurrence of thyroid stormwas

not specifically reported, but associated symptoms included in

the BurcheWartofsky score were, the BurcheWartofsky score

was calculated (Table 1).5 A BurcheWartofsky score >45 was

considered suggestive of thyroid storm. Importantly, not all

potential studies included would report the BurcheWartosfky

score themselves, as we expected to find studies dating from

before the implementation of this score. When a study did not

specifically report on thyroid storm or predefined symptoms

thereof, the study was excluded from further analysis. Follow-

up duration was determined to be at least 3 days post-

operatively. As a secondary outcome, we included information

on mortality.
Search strategy

We conducted a systematic search according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines (Supplementary file 1). We systemati-

cally searched Pubmed, EMBASE, and The Cochrane Library for



Table 1 Burch and Wartofsky scoring system. A score of 45 or
greater is highly suggestive of thyroid storm; a score of 25e44
is suggestive of impending storm, and a score below 25 is
unlikely to represent thyroid storm. From: Burch and
Wartofsky.5

Diagnostic parameters Score

Thermoregulatory dysfunction
(temperature, �C)
37.2e37.7 5
37.8e38.2 10
38.3e38.8 15
38.9e39.2 20
39.3e39.9 25
�40.0 30

Central nervous system disturbance
Absent 0
Mild 10
Moderate (delirium, psychosis,
extreme lethargy)

20

Severe (seizures, coma) 30
Gastrointestinalehepatic dysfunction
Absent 0
Moderate (diarrhoea, nausea/vomiting,
abdominal pain)

10

Severe 20
Heart rate (beats min�1)
90e109 5
110e119 10
120e129 15
130e139 20
�140 25

Congestive heart failure
Absent 0
Mild (pedal oedema) 5
Moderate (bibasilar rales) 10
Severe (pulmonary oedema) 15

Atrial fibrillation
Absent 0
Present 10

Precipitating event
Absent 0
Present 10
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all relevant literature using different combinations of the

keywords ‘hyperthyroidism’, ‘surgery’ or ‘anaesthesia’, and

‘thyroid storm’ (Supplementary files 2 and 3). In addition, all

symptoms of thyroid storm included in the BurcheWartofsky

score were used as synonyms for thyroid storm to find all

literature reporting on situations suggestive of thyroid storm.5

Searches were updated using time filters. The last search up-

date was performed on April 9, 2021.
Data collection and analysis

Selection of studies

After removing duplicates, title and abstract of all articleswere

verified for relevance. Selected articles were screened full text

using pre-defined inclusion and exclusion criteria (Fig. 1). The

reference lists of all included studies were checked for addi-

tional publications until no further publications were found.
Assessment of risk of bias in included studies

Methodological quality, relevance, and validity of all included

cohort studies were assessed using pre-defined criteria. The
ROBINS-I tool (Risk of Bias In Non-randomised Studies of In-

terventions) was used for non-randomised intervention

studies.19 The RoB 2.0 (Risk of Bias tool 2.0) provided by the

Cochrane Library was used from randomised studies.20 The

methodological quality was assessed by NM and crosschecked

by RVI. Any disagreement was resolved by discussion.
Measures of incidence to be extracted

In cohort studies, absolute risks or relative risks were calcu-

lated from available crude data if possible. The case reports

were pooled into the groups described above. In the results,

the number of patients included in these case reports devel-

oping thyroid storm are described in relation to the total

number of patients described in case reports within this

category.
Results

The search yielded a total of 7691 articles; after removal of

duplicates 7009 articles were available for screening. Of these,

175 met our domain, determinant, and (possibly) our outcome

on their title/abstract. Potentially relevant articles based on

their title (abstract was not available in most cases) that could

not be retrieved full text are listed in Supplementary file 4. The

main reason for not retrieving these articles is that most of

them are published before 1995. After full text screening, a

total of 25 cohort studies were obtained meeting our inclusion

and exclusion criteria21e45 and 29 case reports/series were

collected,46e75 One study was excluded because it was a pre-

liminary report of another included study.76 Cross-reference

check of included studies yielded five potential additional

relevant articles, of which four were not included in the cur-

rent search because they did not report on thyroid storm or its

signs and symptoms in their abstract. These studies could be

retrieved full text, of which one was excluded because there

was no report on the occurrence of thyroid storm77 and the

other three (one cohort study, two case series) were added to

the search results,66,78,79 yielding a total of 26 cohort studies

and 31 case reports/series. One study was not included in the

search because it was unavailable in Pubmed, EMBASE, or

Cochrane.80
Risk of bias

Methodological data of the included studies can be found in

detail in the critical appraisal table (Supplementary file 5). Of

the 26 included studies, only one was a prospective rando-

mised trial which scored high risk of bias.21 The other 25

studies were either prospective or retrospective cohort

studies, one being a case-control study comparing hyper-

thyroid patients with a sample of control patients rendered

euthyroid.79 Four of these 23 studies scored as having mod-

erate risk of bias,24,28,29,36 20 studies scored as having a

serious risk of bias,22,23,25e27,30e35,37,38,40e45,79 and one study

scored as having a critical risk of bias.39 Bias was mainly

caused by confounding issues, as there was a lack of ran-

domisation, and confounding was not (or only limited)

accounted for in all studies. In addition, there were problems

with classification of intervention status, as most of the

studies were descriptive and classification of intervention

status could have been influenced by the risk of the outcome

(thyroid storm). Another important issue is definition of the

outcome: most studies do not define the occurrence of



Records identified through
database searching

(n=7691)

Records after
duplicates removed
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(n=7009)
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(n=6817)

Full-text articles assessed
for eligibility
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Full-text articles excluded*
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- Language other than Dutch
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- Narrative reviews (n=15)
- Studies in children (n=3)
- Other (n=2)
- Full text irretrievable (n=46)

Studies included in
qualitative synthesis

(n=25)
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Case reports (n=2)
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Fig 1. Flowchart of the literature review. *A total of 58 articles did not meet domain, determinant, outcome (DDO) criteria. Domain criteria

were not met when articles described emergency surgery (n¼ 1), locoregional anesthesia (n¼7), when storm was already present preop-

eratively (n¼6), or when a diagnosis of primary hyperthyroidism was not met (n¼1), or not laboratory confirmed preoperatively or before

treatment (n¼24). Articles were excluded based on determinant information when the preoperative treatment was not specified (n¼4).

Articles were excluded based on outcome information when no information on thyroid storm was explicitly provided; one article was

excluded because thyroid storm had a late presentation that was not directly related to the surgical procedure (>21 days after surgery).

Two studies were excluded for other reasons than provided in the flowchart: one of them was excluded because it focused only on the

physiological aspects of thyroid hormone kinetics, the other because it was a conference abstract, which was not clear based on title/

abstract screening alone.
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thyroid storm, and it is unclear how this outcome was

measured or excluded. Although not incorporated in the risk

of bias assessment tools, in addition, sample size was often

not calculated based on thyroid storm as primary outcome.

Finally, missing data were poorly reported and accounted for

when applicable.
Description of included studies

All studies except one43 included patients undergoing thy-

roidectomy. In this study, two out of 84 patients underwent

an elective breast biopsy and emergency cholecystectomy

respectively, and the remaining patients underwent thy-

roidectomy.43 No studies reporting on the outcome thyroid
storm after general surgical procedures could be retrieved.

The results of the cohort studies are reported in Table 2.

Incidences of thyroid storm ranging from 0% to 14% were

reported. Details on included cohort studies and case re-

ports are described in Supplementary files 6 and 7,

respectively.
Group 1: patients with preoperative hyperthyroidism
e not prepared for surgery

None of the included cohort studies described the incidence of

thyroid storm in laboratory confirmed hyperthyroid patients

that were not preventively treated before surgery. We

retrieved eight case reports describing eight hyperthyroid



Table 2 Overall results. Overview of the incidence of thyroid storm in the included studies. Of each study, author, year of publication,
number of included patients, preoperative treatment and occurrence of thyroid storm and mortality is described. In case number of
patients that received a certain treatment was not reported, n¼? is noted in this table. *These numbers are reconstructed from the text
but are not given explicitly in the original text and therefore there might be errors in estimating them. yDiagnosis thyroid storm was
not given in the text, but increased severity of thyrotoxicosis was described, with symptoms of sweating, mental confusion, agitation,
tachycardia, and fever. As no values were given, the BurcheWartofsky score could not be estimated.

Hyperthyroid patients not preventively treated before surgery
Author, year Patients, n Preoperative treatment Occurrence of thyroid

storm, n (%)
Mortality,
n (%)

No studies were found describing hyperthyroid patients who were not treated before surgery

Hyperthyroid patients treated before surgery using solely thionamides
Author, year Patients, n Preoperative treatment Occurrence of thyroid

storm
Mortality

Heimann and
Martinson,30 1975

272 Thionamides, either or not
in combination with
iodine (n¼248), toxic adenomas
did not receive preoperative
treatment (n¼24)*

1 (0.4%) in the pretreated
group (although treatment
discontinued early owing
to side-effects)

0%

Hyperthyroid patients treated before surgery using solely b-blocking medication
Author, year Patients, n Preoperative treatment Occurrence of

thyroid
storm

Mortality

Caswell and
colleagues,25

1978

30 b-Blocker (n¼24)
b-Blocker + Lugol’s (n¼6)

0% 0%

Lee and Coffey,31

1982
160 b-Blocker 0% 0%

Toft and
colleagues,38

1978

100 b-Blocker 0% 0%

Hyperthyroid patients treated before surgery using a combination of medications
Author, year Patients, n Preoperative treatment Occurrence of thyroid

storm
Mortality

Al Jassim and
colleagues,23 2018

67 Different combinations using
thionamides (n¼57), potassium
iodine (n¼18), steroids (n¼5), b-
blockers (n¼23). Seven cases
were not treated with medication

0% 0%

Cipolla and
colleagues,26 2019

594 Thionamides, combined with either a
b-blocker (n¼432) or Lugol’s (n¼152)

0% 0%

Fischli and
colleagues,28 2016

10 A combination of Lugol, steroid and a
b-blocker

0% 0%

Panzer and
colleagues,35 2004

17 A combination of thionamides,
iopanoic acid and steroid (n¼15)
Thionamides only (n¼2)

0% 0%

Peden and
colleagues,36 1982

17 A combination of b-blocker and
potassium iodide

0% 0%

Rodigas and
colleagues,44 1977

22 A combination of thionamides and
Lugol’s (n¼11)
A combination of b-blockers and
Lugol’s (n¼4)
A combination of thionamides,
b-blockers and Lugol’s (n¼7)

1 in the third group
(14%)

0%

Shinall and collegaues,37

2013
165 Different combinations using

thionamides (n¼156), potassium
iodide (n¼3), steroids (n¼15) and
b-blockers (n¼92)

0% 0%

Tomaski and
colleagues,39 1997

14 Different combinations using
thionamides (n¼10), b-blockers
(n¼?) and sodium ipodate

0% 0%

Vital and
colleagues,40 2017

99 Different combinations using
thionamides (n¼80), b-blockers
(n¼79) and potassium iodide (n¼?)

0% 0%

Yamanouchi and
colleagues,41 2020

186 Potassium iodide, either or not in
combination with corticosteroid,
b-blocker, or both

0% 0%

Continued
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Table 2 Continued

Studies comparing different treatment strategies
Author, year Patients, n Preoperative treatment Occurrence of thyroid

storm
Mortality

Adlerberth and
colleagues,21 1987

30 b-Blockers (n¼15)
Thionamides (n¼15)

0% 0%

Akram and
colleagues,22 2020

288 Thionamides + b-blocker (n¼144)
Thionamides (n¼98)
b-Blocker (n¼14)
No treatment (n¼32)

0% 0%

Ali and
colleagues,24 2019

266 Regular treatment (thionamide +
Lugol’s) (n¼247)
Rapid treatment using
different combinations of
thionamides, b-blockers,
steroids, cholestyramine
and verapamil (n¼19)

0% 0%

Feely and
colleagues,27 1981

64 b-Blocker (n¼44)
Thionamide (n¼20)

0%y 0%

Haddad and Tibblin,29 1988 41 Thionamides (n¼20)
b-Blockers (n¼21)

0% 0%

Hsieh and
colleagues,45 2020

248 All: different combinations of
b-blockers, Lugol’s, steroids,
cholestyramine (n¼248)
+ Antithyroid drugs (n¼231)
No antithyroid drugs (n¼17)

0% 0%

Lee and
colleagues,32 1986

108 b-Blockers (n¼22)
Thionamides + b-blockers (n¼86)

1 in the b-blocker group
(4.5%)

1 (4.5%)

Lukomsky and
colleagues,33 1984

1261 Three groups
1. Plummer’s method (iodine),

either or not in combination with
corticosteroids (adrenal
insufficiency) (n¼94)

2. Bay’s method (iodine), either
or not in combination with
corticosteroids (n¼872)

3. Thionamides (n¼295)

Group 1: 2 (2.1%)
Group 2: 2 patients (0.2%)
Group 3: 0 (0%)

2 (2.1%)
2 (0.2%)
0 (0%)

Melliere and
colleagues,34 1988

500 Three groups:
1. Lugol + ‘tranquilizer’ +

hydrocortisone (n¼100)
2. Thionamides + ‘tranquilizer’ +

b-blocker on indication (n¼125)
3. Thionamides + b-blocker (n¼275)

Group 1 + 2: 9 (4%)
Group 3: 0 (0%)

Unknown
Unknown

Nair and
colleagues,79 2018

168 Thionamides, either or not in
combination with b-blocker
(n¼168)
Lithium + b-blocker +
corticosteroid (n¼6)

0% 0%

Yu and
colleagues,42 2018

29 1. Thionamides (n¼12)
2. Different combinations of

thionamides (n¼13), b-blockers
(n¼8) and Lugol (n¼5)

0% 0%

Zonszein and
colleagues,43 1979

84 b-Blocker (n¼72)
Thionamide + b-blocker (n¼12)

0% 0%
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patients undergoing surgery under general anaesthesia

without preventive preoperative treatment.46e51,53 Five of

these patients developed thyroid storm.
Group 2: patients prepared solely with antithyroid
medication

One study reported on patients prepared for surgery with

solely antithyroidmedication.30 Of the 272 included patients, a

total of 17 patients were switched to iodine because of the

side-effects of the antithyroid medication. One of these 17

patients developed thyroid storm. The definite status of this

patient (euthyroid or hyperthyroid) at the time of surgery is
not described. We retrieved six case reports describing six

patients who were preventively treated before surgery using

solely thionamides.54,64,67,69,72,74 Five of them developed (a full

or impending) thyroid storm in the perioperative course.
Group 3: patients prepared solely with b-blockers

In three studies, two retrospective cohorts of 30 and 100 pa-

tients and one prospective cohort 160 patients, hyperthyroid

patients were prepared with solely b-blocking medication

before surgery.25,31,38 These patients were biochemically hy-

perthyroid at the time of surgery. In none of these studies a

thyroid storm occurred. We retrieved five case reports/series
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that described a total of 23 patients undergoing surgery using

solely b-blockers as preventive treatment in which one case of

thyroid storm occurred.56e60
Group 4: patients prepared with a combination of
medications

In 10 studies, patients received a combination of different

medications.23,26,28,35e37,39e41 Sample sizes varied from 10 to

594 patients. Medication regimes in these studies are shown in

Table 2 and in more detail in Supplementary file 5. In only one

of these studies (n¼22), thyroid storm occurred. This occurred

in the immediate postoperative period in two patients (14%)

being treated with a combination of propranolol, propylth-

iouracil, and Lugol’s iodine.44 Baseline characteristics and

underlying thyroid disease or severity of hyperthyroidism

were not described. In the other studies, no thyroid storm

occurred. In one study, vital signs were compared between

level of preoperative thyroid level control, classified as good

(FT3 �6.0 pg ml�1, n¼126), fair (6.0 < FT3 � 10.0 pg ml�1, n¼35),

or poor (FT3 >10.0 pg ml�1, n¼25).41 Heart rate 1 h after

beginning general anaesthesia was higher in the poor control

group than in the good control group (P<0.05), and the pro-

portion of patients given b-blockers intraoperatively was

higher in the poor control group compared with the other

groups (P<0.01 each). Twelve case reports reporting on 23 pa-

tients receiving a combination of medications as preventive

treatment strategies report a total of three patients developing

thyroid storm, each of them being treated with a different

treatment regimen.55,61e63,65,66,68,70,71,73,75,78
Group 5: studies comparing different treatment
strategies

A total of 12 studies were found to compare different treat-

ment strategies preoperatively.21,22,24,27,29,32e34,42,43,45,79 One

study compared patients with controlled Graves’ disease

(n¼12) with patients with uncontrolled Graves’ disease (n¼17),

in which uncontrolled Graves’ disease was defined as persis-

tent hyperthyroidism with an FT4 > 1.7 ng dl�1 and TSH < 0.3

mIU ml�1.42 In both groups most patients received antithyroid

drugs and some patients received iodine (Lugol). In the group

of patients with uncontrolled Graves’ disease, some patients

also received b-blockers. In both groups no thyroid storm

occurred, and neither were there any significant differences in

perioperative vital signs between both groups. Another study

compared 168 overtly hyperthyroid patients being treatedwith

thionamides, either or not in combination with b-blockers
(n¼71) to a small group of clinically euthyroid patients being

treated with a combination of lithium carbonate, propranolol

and dexamethasone (n¼6).79 Thyroid storm did not occur in

both patient groups. In a more recent retrospective study, 248

patients with hyperthyroidism who were initially treated with

antithyroid drugs (thionamides) and underwent thyroidec-

tomy were described.45 Of these 248 patients, 17 were dis-

continued from their antithyroid drugs owing to side-effects

and only treated with different combinations of b-blockers,
Lugol’s iodine, steroids, and cholestyramine. There were no

significant differences between patient characteristics (age,

sex, comorbidities, cause of hyperthyroidism). The only sig-

nificant difference between groups was a higher use of b-
blockers in the non-antithyroid drug group. Thyroid storm did

not occur in either patient group.
Comparing treatment strategies to iodine alone

Two retrospective studies from 1988 and 1984 reported on

comparing treatment strategies in which iodine alone was

compared with other regimes. In one of them, the outcome of

surgery in 500 patients successfully ‘rendered euthyroid’ with

different combinations of medications was described.34 One

group was prepared for surgery with iodine and a not further

specified ‘tranquilizer’ (group 1), one group with carbimazole

and a not further specified ‘tranquilizer’ (group 2), in which

some patients also received propranolol, and the last group

receiving carbimazole and propranolol (group 3). All patients

were euthyroid, except for 16 patients in group 1whowere still

hyperthyroid at the time of surgery. In this study, nine pa-

tients developed a thyroid storm in groups 1 and 2 (number of

patients in each group not specified). The other study

compared methimazole (group 3, n¼295) with several forms of

iodide therapy, namely the Plummer’s method in combination

with corticosteroid therapy for those with adrenal insuffi-

ciency (group 1, n¼94) and the Bay’s method e large doses of

iodine combined with corticosteroid therapy for those with

adrenal insufficiency (group 2, n¼872).33 Thyroid status was

only tested in 25 patients preoperatively, of whom 22 patients

were reported to achieve euthyroidism after treatment with

antithyroid medication. A total of four patients, two in group 1

and two in group 2 (both iodine therapy groups) developed

thyroid storm and died, suggesting an absolute risk for thyroid

storm of 0.23% using the Plummer method and an adjusted

absolute risk of 2.1% using the higher dosage of iodine ac-

cording to the method of Bay.

Comparing b-blocking drugs to antithyroid drugs or a
combination of the two

Three studies, with sample size 30e64 patients, compared b-
blocking drugs with antithyroid drugs, consequently also

comparing biochemical hyperthyroid and euthyroid state

preoperatively.21,27,29 None of these three studies reported

occurrence of thyroid storm in either group. Two studies

compared b-blocking drugs alone with a combination of b-
blocking medication and antithyroid medication.32,43 In one of

these studies, 22 patients received propranolol alone and 86

patients received a combination of propranolol and propylth-

iouracil.32 It was not described whether patients were euthy-

roid or hyperthyroid at the moment of surgery. One of the

patients in the propranolol group developed high fever (exact

temperature not specified), tachycardia <110 min�1, sweating,

and comatose state in the postoperative period. The authors

did not calculate the BurcheWartofsky score but based on the

clinical findings it was 60e75 points, depending on exact

temperature of the patient. This is highly suggestive of thyroid

storm. In the other study, 72 patients were treated with pro-

pranolol alone and 12 patients were treated with a combina-

tion of thionamide and propranolol (not achieving euthyroid

state preoperatively).43 No cases of thyroid storm occurred in

either group.

Comparing different guidelines

One study reported on 288 patients undergoing thyroidec-

tomy, being treated with either methimazole combined with a

b-blocker (50% of patients), methimazole only (34% of pa-

tients), b-blocker only (5% of patients), or no treatment.22 Of

these patients, 72% were euthyroid at the moment of surgery,
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whereas 28% were hyperthyroid. No patients in this cohort

developed thyroid storm. They also performed a sub-analysis

of 197 patients who were divided into either prepped conform

American Thyroid Association guidelines (ATA-prepped, 52%

of patients) or non-ATA prepped. Except for fewer episodes

of intraoperative tachycardia (0.3 vs 4.5, P¼0.04), no differences

in peak systolic blood pressure, number of episodes with a

systolic blood pressure of >180 mm Hg, mean operating time,

length of stay, and overall complications were found.

Another study compared outcomes in 266 patients being

prepared for surgery regularly with an antithyroid drug,

thyroxine and Lugol’s iodine, with patients being prepared

using a rapid preparation protocol (n¼19).24 No patient devel-

oped thyroid storm.
Discussion

Our aim was to quantify the risk of thyroid storm in hyperthy-

roidpatients undergoing surgery and compare this risk between

different treatment strategies. Although no studies were found

with sufficient subjects included to reliably estimate the risk of

thyroid storm, we have found studies reporting risks ranging

from 0% to 14%. No studies compared unprepared hyperthyroid

patients to patients in a (clinically) euthyroid state after treat-

ment with thionamides, iodine solution, b-blockers, and/or

corticosteroids before surgery. Therefore, given the seriousness

of the complication, preoperative treatment of patients under-

going elective surgery is still warranted.

We found one study that reported on the association of a

variety of postoperative complications such as cardiovascular

events, cardiac failure, infections, stroke, and neurological

complications to preoperative thyroid status (either euthyroid

or hyperthyroid) in a cohort of older orthopaedic patients.81

The incidence of these various complications was higher in

hyperthyroid patients, but the distribution of these compli-

cations did not differ significantly between euthyroid and

hyperthyroid patients. Thyroid storm was not measured in

this study.

The current paradigm, as advised in anaesthesiology, in-

ternal medicine, and surgical textbooks, is to preventively

treat all hyperthyroid patients for surgery using a diversity of

medication, preferably a combination of strategies: reducing

thyroid hormone synthesis and secretion by thionamides,

iodine solutions, or both, protecting the vascular system and

yielding haemodynamic stability by b-blockers, and reducing

circulating free T3 levels and replacing cortisol in adrenal

insufficient patients by corticosteroids. Our aim was to

compare the risk of thyroid storm between different preop-

erative treatment strategies. In the studies included in this

literature review, thyroid storm occurred regardless of pre-

operative treatment received, and more interestingly, both in

euthyroid and hyperthyroid patients.

This is the first review of the literature to present an over-

view of the currently available evidence concerning the risk of

perioperative thyroid storm in hyperthyroid patients.

Although we are convinced this review covers all relevant

literature, several limitations in the study design and included

studies must be acknowledged.

First, because we aimed to retrieve all literature

describing the risk of thyroid storm in hyperthyroid patients

undergoing surgery, we did not apply time limitations to our

search. As a result, we had trouble retrieving the older arti-

cles’ full text. We have included this list of unretrieved arti-

cles in Supplementary file 3.
Second, we only included studies written in the English and

Dutch language, which could potentially lead to language bias.

However, because we were looking for the evidence support-

ing our international guidelines, we expected this evidence to

be written in English.

Third, formulation of the risk of thyroid storm and

comparing risks between untreated patients and preventively

treated patients are based on a large variety of studies, which

show large heterogeneity and methodological shortcomings.

All studies had moderate to critical risk of bias. Thyroid storm

was not the primary outcome in all but one of the included

studies, and therefore no standardised criteria for diagnosing

thyroid storm were used. And as the incidence of thyroid

storm is probably very low, all studies likely lack statistical

power to provide reliable estimates of the incidence of thyroid

storm, let alone a difference in occurrence between treatment

strategies. Estimated incidences provided in this manuscript

based on the included studies should therefore be taken with

caution. The definition of hyperthyroidism differed among

studies and most of the older studies used insufficient criteria

for diagnosing hyperthyroidism or euthyroidism. Sensitive

assays for measuring TSH were not available at that time, and

diagnosis of hyperthyroidismwas mainly made on the ground

of clinical signs and concentration of total T3, T4, or both.

Moreover, the plasma kinetics of total T3/T4 (TT3/TT4) and

free T3/T4 (fT3/fT4) are substantially different with a much

longer half-life of fT3/fT4 compared with TT3/TT4.82 As a

result, a patient with a normalised TT3/TT4 could still have

elevated fT3/fT4 concentrations, and potentially consequently

a higher risk of thyroid storm.82 Furthermore, because most

studies were not randomised, selection bias might have

occurred, as the more therapy-resistant individuals might

have been placed in more aggressive treatment groups.

Occurrence of thyroid storm in those treatment groups might

therefore also be related to underlying patient characteristics,

which were seldomly accounted for in the included studies. In

addition, general patient and hospital characteristics differed

among studies, for example on age, ethnicity, and care setting.

Based on these arguments, and the lack of comparative

studies, conducting a meta-analysis on this subject was not

possible. Furthermore, although thyroid storm was described

in all patient groups, publication bias of case reports cannot be

ruled out. Because of the lack of a denominator, the case report

data were not used to estimate thyroid storm incidence. What

we can derive from these case reports is that thyroid storm is a

serious complication that can occur in every patient group,

despite pretreatment of the patient.

In conclusion, this review shows the lack of evidence con-

cerning the risk of perioperative storm in prepared and un-

prepared hyperthyroid patients. There are no studies

comparing the risk of thyroid storm between untreated hy-

perthyroid patients and patients preventively treated to ach-

ieve (clinical) euthyroidism. A thyroid storm can appear

despite of the choice of preoperative treatment strategy.

Therefore, preoperative treatment does not safeguard a

euthyroid or hyperthyroid patient from a thyroid storm.

Because of the rarity of thyroid storms, it is virtually impos-

sible to perform an adequately powered randomised study

comparing treatment strategies. A reliable case-control study

is also not achievable as thyroid storm is not routinely regis-

tered in hospital records.

Although this review underlines the lack of absolute evi-

dence on the risk of thyroid storm, current guidelines on

preoperative treatment in elective surgical patients should be
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followed, given the seriousness of this complication and the

impossibility of identifying patients at increased risk.
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