American
Journal
of

e-ISSN 1941-5923
© Am ) Case Rep, 2023; 24: e940672
DOI: 10.12659/AJCR.940672

Case

Reports

et ooronas Thyroid Storm-Induced Refractory Multiorgan
N blihed, 20230824 Failure Managed by Veno-Arterial Extracorporeal

Membrane Oxygenation Support: A Case-Series

Authors’ Contribution: ABDEF 1 Mugahld Eltahir 1 Department of Internal Medicine, Intensive Care Unit, Hamad General Hospital,
Study Design A ABDE 2 Hamza Chaudhry Hamad Medical Corporation, Doha, Qatar
Data Collection B . . 2 Department of Clinical Medicine, Weill Cornell Medicine, Doha, Qatar
asp 1 Ezzeddin Abdulsalam Ibrahim ’

Statistical Analysis C
Data Interpretation D BD 3

3 Department of Endocrinology, Hamad General Hospital, Hamad Medical
Corporation, Doha, Qatar

Marwa Mokhtar

Manuscript Preparation E ABCE 1.2 Hani Jaouni 4 Department of Surgery, Clinical Research, Hamad General Hospital, Hamad
Literature Search F ’ Ibrahi F H Medical Corporation, Doha, Qatar
Funds Collection G DE 1,2 rahim awzy assan
ADE 2,4 Ayman El-Menyar
aper 1,2 Ahmed Labib Shehatta

Corresponding Author:
Financial support:
Conflict of interest:

Ayman El-Menyar, e-mail: aymanco65@yahoo.com
None declared
None declared

Case series
Patients:

Final Diagnosis:
Symptoms:
Clinical Procedure:
Specialty:

Objective:
Background:

Case Reports:

Conclusions:

Keywords:

Full-text PDF:

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Female, 39-year-old « Female, 42-year-old ¢ Female, 46-year-old ¢ Male, 43-year-old
ECMO e thyroid storm

Fever ¢ palpitation

Echocardiography ¢ ECMO e thyroidectomy

Critical Care Medicine ¢ Endocrinology and metabolic

Unusual clinical course

Severe hyperthyroidism, including thyroid storm, can be precipitated by acute events, such as surgery, trauma,
infection, medications, parturition, and noncompliance or stoppage of antithyroid drugs. Thyroid storm is one
of the serious endocrinal emergencies that prompts early diagnosis and treatment. Early occurrence of multi-
organ failure is an ominous sign that requires aggressive treatment, including the initiation of extracorpore-
al membrane oxygenation (ECMO) support as a bridge to stability and definitive surgical treatment. Most ad-
verse events occur after failure of medical therapy.

We described 4 cases of fulminating thyroid storm that were complicated with multiple organ failure and cardi-
ac arrest. The patients, 3 female and 1 male, were between 39 and 46 years old. All patients underwent ECMO
support, with planned thyroidectomy. Three survived to discharge and 1 died after prolonged cardiac arrest
and sepsis. All patients underwent peripheral, percutaneous, intensivist-led cannulation for VA-ECMO with no
complications.

Early recognition of thyroid storm, identification of the cause, and proper treatment and support in the intensive
care unit is essential. Patients with thyroid storm and cardiovascular collapse, who failed to improve with con-
ventional supportive measures, had the worst prognosis, and ECMO support should be considered as a bridge
until the effective therapy takes effect. Our case series showed that, in patients with life-threatening thyroid
storm, VA-ECMO can be used as bridge to stabilization, definitive surgical intervention, and postoperative en-
docrine management. Interprofessional team management is essential, and early implantation of VA-ECMO is
likely beneficial in patients with thyroid storm after failure of conventional management.

Extracorporeal Membrane Oxygenation ¢ Heart ¢ Hyperthyroxinemia ¢ Multiple Organ Failure
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Background

Thyroid storm is a life-threatening form of severe hyperthy-
roidism characterized by acute generalized manifestations [1].
National surveys from the United States and Japan reported
that the incidence of thyroid storm ranges from 0.20 to 0.76
cases per 100000 persons per year, with higher incidence in
hospitalized patients (4.8 to 5.6 per 100 000) [2-4]. Severe hy-
perthyroidism can be precipitated by acute events, including
surgery, trauma, infection, an acute iodine load (ie, amioda-
rone administration), parturition, and noncompliance or stop-
page of antithyroid drugs [2,3,5-7]. The evolution from simple
thyrotoxicosis to the crisis of thyroid storm usually necessi-
tates an overlaid insult [8]. The diagnosis of thyroid storm de-
pends on the presence of serious, and sometimes devastating,
presentations including fever, cardiovascular collapse, altered
mentation, elevated free T4 and/or T3, and suppressed thy-
roid stimulating hormone (TSH) [5,7,8]. The precise reason why
some patients develop thyroid storm rather than uncomplicat-
ed thyrotoxicosis is not fully understood; however, some theo-
ries suggest a rapid increase in serum thyroid hormone levels,
increased responsiveness to catecholamines, or enhanced cel-
lular responses to thyroid hormone [6]. Burch and Wartofsky
introduced a scoring system that uses precise clinical criteria
to identify thyroid storm. However, this scoring system is like-
ly sensitive but not specific [9]. The diagnostic criteria for thy-
roid storm include thermoregulatory dysfunction (score 5-30),
central nervous system effects (score 10-30), gastrointestinal-
hepatic dysfunction (score between 10-20), cardiovascular dys-
function (score 5-25 for tachycardia, 10 for atrial fibrillation,
and 5-15 for heart failure), and presence of precipitant histo-
ry (0 vs 10). A score of 45 or more is highly suggestive of thy-
roid storm; a score of 25 to 44 supports the diagnosis [10].

The principles of therapeutic options typically consist of a cou-
ple of medications, each of which has a different mechanism
of action. The treatment options are based upon clinical expe-
rience and case studies, since there are no prospective studies.
The treatment is extrapolated from those used for uncompli-
cated hyperthyroidism, with additional drugs such as glucocor-
ticoids, iodine solution, and high doses of antithyroid drugs.
In addition to specific therapy to inhibit the release and re-
duce the synthesis of thyroid hormones, supportive therapy
in the Intensive Care Unit (ICU) and treating the precipitating
factors are essential; however, the mortality rate of thyroid
storm is high (10%-30%) [9].

In thyroid storm with hemodynamic instability and cardiogen-
ic shock, antithyroid medications can be contraindicated due
to multiorgan failure, especially in case of liver involvement.
Also, the administration of beta blockers to patients with thy-
roid storm can lead to hemodynamic instability and even car-
diac arrest [11]. In case of a refractory circulatory collapse,
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veno-arterial extracorporeal membrane oxygenation (VA-ECMO)
support can be used to achieve hemodynamic stability until
normalization of the thyroid hormone, and improvement of the
signs and symptoms are achieved. In fulminant multiorgan fail-
ure (MOF), therapeutic plasma exchange (TPE) can be used as
a bridging therapy for reducing the circulating excessive hor-
mones and stabilization of patients in preparation for urgent
thyroidectomy [12]. The challenges of commencing plasma ex-
changes with ongoing ECMO support, dialysis, and timing of
thyroidectomy are still to be explored [13-15]. TPE has shown
an additive effect to the continuous renal replacement thera-
py (CRRT) in removing the excess thyroid hormones4{14,16].
Furthermore, the use of 3 extra-corporeal systems together
(TPE, CRRT, and VA-ECMO) was reported in a few case reports
for thyroid storm management [13,14].

Here, we describe 4 cases of life-threatening thyroid storm
complicated with circulatory collapse and multiorgan failure
and requiring VA-ECMO support, renal replacement therapy,
and TPE, with planned urgent thyroidectomy.

Case Reports

Case 1

A 39-year-old woman presented to the Emergency Department
(ED) with symptoms suggestive of thyroid storm. The patient
scored 55 points using the Burch Wartofsky Point Scale for
thyroid storm diagnosis. She had atrial fibrillation (Figure 1),
poor left ventricular function, pleural effusion, and ascites. She
was not known to have comorbidities. The patient was initial-
ly treated with intravenous (i.v.) metoprolol and synchronized
cardioversion. Despite these interventions, the patient devel-
oped bradycardia followed by cardiac arrest. The patient’s car-
diovascular instability and the need for maximum vasopres-
sors prompted the decision to initiate ECMO support. After her
admission to the ICU, the patient’s blood tests confirmed the
diagnosis of thyroid storm, with MOF and disseminated in-
travascular coagulopathy. Medical treatment with antithyroid
medication was not possible because of MOF, and therefore
plasmapheresis was started as a bridging to thyroidectomy.
Plasmapheresis helped to optimize her condition so that she
could undergo thyroidectomy (Figure 2). Following thyroidecto-
my, the patient’s general condition and left ventricular function
improved. The patient’s TSH increased to 0.74 mIU/L and free
T4 decreased to 36.1 pmol/L. She was transferred to the med-
ical ward and then was discharged home in a stable condition.

Case 2

A 42-year-old woman presented to the ED with symptoms
consistent with thyroid storm. She claimed only a history of a
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Figure 1. 12-Lead ECG showing atrial fibrillation.

Figure 2. Thyroid gland after thyroidectomy.
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“thyroid problem” but was not taking any treatment for it. On
examination, she was ill with jaundice and cold, clammy skin.
Her ECG showed atrial flutter. Briefly after beta blocker admin-
istration, she went into cardiac arrest, with pulseless electri-
cal activity. She was resuscitated, intubated, and started on
vasopressors. Point-of-care ultrasound demonstrated signifi-
cantly dilated heart chambers, with markedly reduced ejection
fraction and bilateral pleural effusion. The patient’s laborato-
ry findings were suggestive of thyroid storm, MOF, and dis-
seminated intravascular coagulopathy. Her TSH was less than
0.01 mlU/L, free T4 was 38.9 pmol/L, and her thyroid perox-
idase antibodies were also found to be markedly elevated.
Using the Burch Wartofsky Point Scale, the patient scored 70
points. The ECMO team was consulted, as she was in cardio-
genic shock. Uneventful peripheral percutaneous cannulation
and initiation of VA-ECMO allowed for improvement of car-
diovascular parameters. On day 2, she was started on CRRT,
specifically continuous venovenous hemodiafiltration. A sec-
ond plasmapheresis session was conducted on day 3, and a
third session on day 4 in the ICU. An ultrasound examination
of the thyroid gland demonstrated a diffusely heterogenous
thyroid with increased vascularity, suggestive of thyroiditis.
Furthermore, a thyroid scan with radioactive iodine uptake
was suggestive of Graves’ disease. By day 5 in the ICU, inter-
val improvements were noted after the intermittent plasma-
pheresis treatments and CRRT.

On day 7, she underwent a total thyroidectomy. The patient
underwent decannulation of the VA-ECMO, as her cardiac func-
tion significantly improved, with an ejection fraction of 45%.
Additionally, her liver enzymes were trending downward. Five
days after thyroidectomy, the free T4 returned within the nor-
mal range, and she was extubated 2 days later. She was trans-
ferred to the medical ward for few weeks and then she was
discharged in a stable condition.

Case 3

A 46-year-old woman presented to the ED with abdominal dis-
tension, nausea, exophthalmos, palpitation, and hand trem-
ors. She denied any prior comorbidities. The patient’s Burch
Wartofsky score was 55 points. The diagnosis of thyroid storm
was confirmed by elevated T3 levels and suppressed TSH.
Initially, she received intravenous fluids, propranolol, hydro-
cortisone, and propylthiouracil. However, due to the develop-
ment of cardiogenic shock and multiorgan dysfunction, pro-
pylthiouracil was discontinued because of severe liver failure,
and the patient required intubation for respiratory support.
Further evaluation revealed severe bi-ventricular failure, with
an ejection fraction of 15% on echocardiography. To sup-
port the compromised heart and lungs, the patient received
a combination of adrenaline, noradrenaline, and levosimen-
dan. Despite these interventions, her condition continued to
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deteriorate. In response to the worsening clinical picture, the
decision was made to initiate ECMO for advanced cardiac and
respiratory support. Following the initiation of ECMO, a signif-
icant improvement and thyroidectomy was performed on day
12 of admission for a large goitre. Following surgery, 2 addi-
tional plasmapheresis sessions were conducted to normalize
the patient’s free T4 levels, which had declined with each ses-
sion. The combined interventions, including surgery and plas-
mapheresis, successfully restored the patient’s free T4 levels
to the normal range. Subsequently, the patient was transferred
to the medical ward and eventually discharged from the hospi-
tal. Tables 1 and 2 summarize the clinical and laboratory find-
ings as well as the outcomes of all the cases.

Case 4

A 43-year-old man presented to the ED with dyspnea, palpi-
tations, non-productive cough, watery diarrhea, and fever. He
had a past medical history of only Graves’ disease, which was
diagnosed 3 months earlier and was treated with proprano-
lol and propylthiouracil. He was scheduled for radioactive io-
dine ablation therapy; however, had stopped taking carbima-
zole for the last 2 weeks. The patient scored 65 points on the
Burch Wartofsky Point Scale, confirming the thyroid storm sta-
tus. On examination, he was found to have an irregular pulse
and severe global hypokinesis on bedside echocardiogram.
He was given adenosine and metoprolol for supraventricular
tachycardia; however, he developed cardiac arrest, with pulse-
less electrical activity. Spontaneous circulation was achieved
after 14 cycles, and then he was put on VA-ECMO and CRRT
to support the failing heart and kidneys. The thyroid storm
led to MOF, and therefore he was started on plasmapheresis
as a bridging therapy to eventual thyroidectomy and to help
remove circulating thyroid hormones and immune media-
tors. The patient was clinically and hemodynamically improv-
ing; therefore, decannulation of ECMO was performed on day
8. He was scheduled for thyroidectomy on the first day after
ECMO decannulation. However, the neurology team observed
poor neurological responses. The electro-encephalogram dem-
onstrated severe hypoxic encephalopathy; therefore, thyroid-
ectomy was declined. On day 12, the patient developed sep-
sis due to gram-negative bacteremia and went into refractory
septic shock and asystole, and eventually died.

Discussion

Thyroid storm is a medical emergency representing the ex-
treme manifestation of severe thyrotoxicosis with multiorgan
dysfunction/failure [1,17]. High suspicion and quick diagnosis
of the condition lead to prompt initiation of appropriate man-
agement and decrease the mortality.
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Table 1. Patient demographics and initial presentation of the 4 cases.

Patient 1 Patient 2 Patient 3 Patient 4
Age (years) 39 45 49 43
Sex Female Female Female Male
Known thyroid illness No No No Known Graves
disease
Heart rate at presentation 200 beats/min 198 beats/min 200 beats/min 165 beats/min
Initial rhythm Atrial fibrillation Atrial flutter Supraventricular Supraventricular
tachycardia tachycardia/atrial
fibrillation
Heart failure Yes Yes Yes Yes
Beta blocker received before ~ Metoprolol 5 mg i.v. Propranolol 2 mg i.v. Propranolol 3 mgi.v. Metoprolol 5 mg i.v.
deterioration
Cardiac arrest Pulseless electrical Pulseless electrical No Pulseless electrical
activity activity activity
Type of ECMO support VA-ECMO VA-ECMO VA-ECMO VA-ECMO

Table 2. Laboratory tests and outcomes of the 4 cases.

CEV Patient 2 Patient 3 Patient 4 Reference range

TSH on presentation 0.03 0.01 0.01 0.005 0.65-3.7mU/L
Taonpresentation ® ‘9 159 g4 06537 mUL
 Antithyroid peroxidase  Positive Positve  Positive Positve
Creatinine 23 N o 188 54101 ymol/L

rceopr:g:eurz:;tnte;::apy ves ves ves ves

ALT 114 125 320 829 6-66 U/L
AT % 3 753 w06 ra20n
CigEcount o3 0 Notsent | Notsent 15144 10/mL
Plasmapheresis  3sessions  3sessions  3sessions  3sessions
lodine before surgery  Received  Receved  Received  Received
ThyroidectomyonECMO . Sdaysafter  Thyroidectomy

support ves ves decannulation was not done

Duration of ECMO 4 days 6 days 5 days 9 days
Outcome  Dischargedwell Dischargedwell Discharged well  Deceased
Use of Beta Blockers in Thyroid Storm cardiovascular instability. The mechanism of how hyperthy-

roidism induces a hyperadrenergic state and its effects on the
In all of our patients, the decision was made by the ED team to cardiovascular system are complex [18]. A systematic review
control the heart rate with beta blockers. However, the patients found 9 published reports of beta blocker-induced cardiovas-
started to deteriorate soon after the administration of beta cular collapse, and case reports addressed the occurrence of
blockers and had to be placed on ECMO, due to life-threatening cardiovascular collapse after the use of beta blockers [11,19].
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Table 3. T3 and T4 levels before and after therapeutic plasmapheresis (TPE) session and just before surgery.

Before

Before

surgery
Patient 1 52.7 34.9 14.3
Patient 2 6.6 3.2 38.9
Patient 3 15.9 4.9 89.9
Patient 4 H 46.7 N/A 84.1

admission

surgery

8.9 No antithyroid medications was
given, received only TPE

28.3 No antithyroid medications was
given, received only TPE

28.4 Patient received antithyroid
medications for 7 days then
stopped due to rising liver function
tests then started TPE

29.7 — Patient received antithyroid
medications for 1 days then
stopped due to rising LFT then
started TPE

— Patient did not undergo
thyroidectomy

All of our patients had clinical evidence of heart failure on pre-
sentation and low ejection fraction of 20% to 25%. We suggest
extreme precaution and/or avoidance of the use of long-act-
ing beta blocking agents in those patients. Ultra-short-acting
beta blockers that are easy to titrate may be a suitable alter-
native in this subset of patients.

Use of ECMO in Thyroid Storm

ECMO is used in critical care when conventional therapies
fail to provide enough oxygenation and/or cardiac output.
VA-ECMO is a form of extracorporeal life support and tempo-
rary mechanical circulatory support, in which blood is with-
drawn from a large vein, passes through an oxygenator, and
is returned to a major artery. It provides a bridge to recovery,
allowing time for the patient’s heart and lungs to heal [20]. In
our institution, VA-ECMO is provided in the medical ICU and
performed by the intensivist via a percutaneous Seldinger ap-
proach, using the femoral vein and artery.

ECMO is not a standard treatment for thyroid storm; however,
in very severe and refractory cases of thyroid storm, in which
the patient is critically ill, ECMO can be considered as a last-re-
sort therapy [21]. ECMO can provide temporary support for the
patient’s heart and lung function while the underlying thyroid
condition and MOF is treated, which can help to stabilize the pa-
tient’s condition and improve their chance of survival. However,
ECMO is a complex and invasive procedure that requires a high
level of expertise and should only be performed in specialized
centers. Of note, the use of VA-ECMO support can be deferred
if a rapid stabilization of the hemodynamics could be achieved
prior to thyroidectomy [16]. Our patients experienced refractory
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cardiovascular collapse and after multiple resuscitation attempts,
and it was decided to initiate ECMO support. The effect of high
thyroid hormones can alter the sensitivity or responsiveness of
various tissues to catecholamines and can yield the medication
less effective [8,18,19]. Therefore, in these cases of refractory
cardiogenic shock, an early initiation of patient on ECMO might
help stabilize the patient until the definitive treatment is deliv-
ered. Follow-up echocardiogram demonstrated improvement
in the ejection fraction in all patients, who were subsequently
weaned and decannulated successfully from ECMO.

Use of Plasmapheresis

Plasmapheresis, or TPE (extra-corporeal blood purification
technique), acts via extracorporeal separation and removal of
plasma through centrifugation. This will remove plasma pro-
teins with bound T3/T4 resulting in a rapid decrease of thy-
roid hormones [22]. In the case of a thyroid storm, plasma-
pheresis is not a standard of care, but it can be considered in
some cases as an adjunctive therapy to help lower the levels
of thyroid hormones as early as possible [23,24]. Binimelis et
al described a 30-fold decrease in total thyroxine levels with
plasma exchange as compared with conventional treatment,
and this effect was proportional to the serum level of thyrox-
ine [25]. Rapid clinical improvement was apparent in our pa-
tients after the first 2 plasma exchanges, and there was also
improvement in the serum FT3 and FT4 levels (Table 3).

Thyroidectomy in Thyroid Storm Under ECMO Support

In thyroid storm, surgical intervention is not a first-line treat-
ment; however, it can be considered in selected cases, as the
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mainstay of treatment remains medical management. Our pa-
tients went rapidly into cardiorespiratory failure despite maxi-
mum medical therapy; therefore, the professional medical team
decided to go for urgent thyroidectomy under ECMO support.
In thyroid storm, thyroidectomy is associated with an over-
all mortality rate of 10%, which is why surgery is not the first
choice [1,22,26]. However, the criteria to decide when patients
with thyroid storm should undergo thyroidectomy are lacking.
Therefore, thyroidectomy should only be considered as a treat-
ment option for thyroid storm on case-by-case basis, provid-
ed that the benefits outweigh the risks and that the patient
is not responding to other treatments.

Conclusions

Early recognition of thyroid storm, identification of the cause,
and appropriate treatment and support in the ICU are essential
to improve the outcome. Patients with cardiovascular collapse,
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who fail to improve with conventional supportive measures,
have the worst outcomes, and ECMO support could be utilized
as a bridge until the effective therapy takes effect. Our limited
experience showed that in patients with life-threatening thy-
roid storm, VA-ECMO can be used as bridge to stabilization,
definitive surgical intervention, and postoperative endocrine
management. Interprofessional team management is essential,
and early implantation of VA-ECMO is likely to be beneficial.
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