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Abstract

Objectives: Surgery of the thyroid takes place in a body
part with complicated anatomy and several vital
physiologic functions. Thyroidectomy is rarely associ-
ated with mortality but can be followed by significant
complications, (i.e. hypoparathyroidism, hemorrhage,
upper airway obstruction, laryngeal nerve injuries
and thyrotoxic storm). This review aims to indicate
surgical tips and techniques to sustain a low level of
complications.
Content: MEDLINE database (PubMed) platform was used
as a search engine and the articles related to the topic were
selected using the keywords combination “thyroid surgery
and complications”.
Summary and Outlook: The most common complication
of total thyroidectomy with an occurrence ranging be-
tween 0.5 and 65% is hypoparathyroidism. Damage to
recurrent laryngeal nerves can be temporary or perma-
nent, unilateral or bilateral; bilateral lesion is associated

with severe episodes of breathlessness. Thus, intra-
operative monitoring of nerve function is essential to
prevent damage. Ιn addition, hematoma formation can
lead to breathing difficulties due to airway obstruction;
preventive hemostasis during surgery is essential. The
surgeon must have a complete anatomical understand-
ing of not only the normal anatomy of the central
visceral compartment of the neck, but also the common
variations of the laryngeal nerves and parathyroid
glands in order to keep the complication rate at a very
low level.
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Introduction

Thyroid surgery, especially total thyroidectomy is one of
the most commonly operations performed for endocrine
pathology [1]. During the 1800s, the mortality from
thyroid surgery was 40%, due to infection or haemor-
rhage [2]. At the 1900s Emil Theodor Kocher was the
first who established the basic principles of thyroid
surgery, which remained the same till our days and
reduced the complications at a significant rate [3]. His
basic principles constituted the thorough knowledge
of the thyroid gland’s surgical anatomy, the gentle
handling of the important structures and the good
hemostasis.

The major complications during or after thyroidec-
tomy are bleeding, injuries to the laryngeal nerves,
hypoparathyroidism and thyrotoxic storm. The minor
complications include postoperative seromas and poor
scar performance. These complications are related to
disease, the type of resection and the surgeon’s training
and experience [4]. Better surgical experience is followed
by fewer complications [5].
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Complications of thyroid surgery
and how to avoid them

Nowadays, surgical principles improved surgical tech-
niques and equipments have made complications from
thyroid surgery rare.

Minor complications

Minor complications are the most common in thyroid
surgery, at a rate of 40% and include the following:
Mild dysphagia, hoarseness, a degree of voice alteration,
seromas and poor scar formation [6]. Postoperative
seromas can occur and their treatment depends on the
size and the symptoms; small size and asymptomatic
one should be followed clinically until its full absorption.
Large seroma can be initially aspirated under sterile
conditions and clinically followed up thereafter; repeated
aspirations may be necessary.

Non-aesthetic scars are another frequent complica-
tion. The incision should be placed on a natural crease
of the neck and the length should be consistent with
the thyroid gland’s measurements. The neck should be
initially flexed so that it is possible to assess the position
of the natural skin creases. The incision may be extended
to the same skin crease if a lateral neck dissection is
required. The wound should always be carefully treated,
without unnecessary burns. If a cheloid scar occurs, the
final cosmetic outcome may be improved by silicon
compressive dressings or steroid injections.

Major complications

Potential significant complications of thyroid surgery
include hypoparathyroidism, haemorrhage, injury to the
recurrent laryngeal nerve, injury to the superior laryngeal
nerve and thyrotoxic storm.

Hypoparathyroidism

Hypoparathyroidism is the most common complication of
thyroid surgery. The incidence of transient hypocalcemia
is 27% and of permanent hypocalcemia is 1% [7]. Hypo-
parathyroidism occurs after injury, devascularization and
inadvertent excision of the parathyroid glands [8].

The parathyroid glands are very tiny structures. Their
dimension varies from 6 to 8 mm, their weight is between
20 and 50 mg and they are brownish in colour (Figure 1).

Parathyroid hormone (PTH), which is involved in serum
calcium regulation, is released by them. PTH increases
serumcalcium levels by causingbone resorption, increasing
renal absorption of calcium and stimulating vitamin D
synthesis [8].

In order to prevent their inadvertent excision or
devascularization, understanding the potential anatomical
variations of the parathyroid glands is very necessary.
Typically, they are placed on the thyroid lobe’s superior
lateral aspect. However, they can be located on any site
from the hyoid bone down to the superior mediastinum,
including an intra-thyroidal location. In 7%of patients, the
probability of intra-thyroidal position occurs [9, 10].
Therefore, in order to locate any resected gland and to
reimplant the gland in the cervical muscle, it is advised
to open the surgical specimen of all thyroidectomies [11].
The superior parathyroid gland is usually posteriorly
to the recurrent nerve. The inferior parathyroid gland, on
the other hand, experiences a more variable situation
and is commonly anterior to the recurrent nerve as it is
close to the thyroid gland.

The parathyroid glands’ blood supply is very fragile. In
the sub-capsular plane, the thyroid lobemust be dissected,
avoiding mass ligatures of the inferior thyroid artery,
which is normally the source of blood supply to both
parathyroid glands. Ligation of the inferior thyroid ar-
tery terminal branches as close as possible to the thyroid
gland decreases the risk of ischemia [12]. Their vascu-
larization should be identified in situ, and they should be
carefully manipulated. The viability of the parathyroid

Figure 1: Four normal parathyroid glands.
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glands should be also tested always after the thyroid-
ectomy; if they are identified as no more viable, it is
preferable to re-implant them in a cervical muscle after
mincing them. During thyroidectomy preserving at least
one parathyroid gland with an adequate blood supply
seems to prevent permanent hypoparathyroidism [13].
Surely, to prevent or minimize hypoparathyroidism after
thyroidectomy, anatomical knowledge and surgical
experience are important. The preferred method for the
identification of iatrogenic hypoparathyroidism post-
operatively is to measure the ionized calcium levels in
the postoperative period. Alternatively, a normal post-
operative PTH level can reliably predict normocalcemia
after thyroid surgery. Acute hypocalcemia symptoms
are perioral paresthesia, anxiety and tingling in the
hands and legs [14]. Chvostek sign or the Trousseau
sign are also indicators of hypocalcemia. Treatment of
the hypocalcemia in the postoperative period depends
on the symptoms. Patients with asymptomatic hypocal-
cemia should not be treated with supplemental calcium,
because the hypocalcemia stimulates the stunned para-
thyroid glands to produce PTH. Otherwise, patients with
symptomatic hypocalcemia should be treated with
intravenous calcium gluconate [15].

The surgical technique is related to injury, oedema,
infarction, ischemia or inadvertent excision of the para-
thyroid glands, but even if these glands are well preserved
at the surgery, the normal postoperative parathyroid
function is not guaranteed [16, 17]. Common risk factors
for postoperative hypocalcemia are:

– Failure to recognize the parathyroid glands and inad-
vertently excise them [20].

– Devascularization: The final branch of blood supply
to the parathyroid glands is mostly in the lateral to
medial direction. Therefore, preservation of these
vessels is essential for preventing devascularization.

– Intracapsular localization of the parathyroids
(one or more) [9, 19].

– Diabetes mellitus: Parathyroids from diabetic patients
are most vulnerable to hypoxia and delay to regain
normal function due to diabetic microangiopathy [20].

Post-operative haemorrhage

Post-operative haemorrhage can occur immediately in
the post-operative period of thyroid surgery, with an
incidence varying from 0 to 6.5% [21, 22]. The thyroid
gland has a rich vascular supply, both arterial and
venous, and hemostasis must be executed very carefully
during the surgery (Figure 2). Risk factors for developing
haemorrhage after thyroid surgery are hypertension,
hyperthyroidism, bleeding disorders, duration of surgery
and male gender [21, 22]. Thus, the appropriate pharma-
cological therapy must properly correct hypertension and
hyperthyroidism before surgery [11]. Anticoagulants and
antiplatelets increase hematoma incidence to 2.2–10.7%,
which is significantly higher than the overall post-
operative haemorrhage rate of 0.5%. Moreover, it has
shown that injectable anticoagulants increase hema-
toma’s risk by 30 times [23]. According to all these, it is
very important to evaluate the anticoagulant therapy
and the thrombotic risk preoperatively.

Fortunately, the current use of ultrasonic or radio-
frequency scalpels and the haemostats significantly

Figure 2: Arterial supply and venous drainage of the thyroid gland.
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reduces bleeding compared to older conventional tech-
nique with vessel ligations [24, 25]. The surgeon should
check the open blood vessels, particularly the veins, with
the Valsalva manoeuvre performed with the aid of the
anaesthesiologist at the end of the surgery.

Drainage (gravity or suction-driven) can be placed
according to surgeon’s preference. It must be emphasized
that the drain does not prevent a serum or life-threatening
hematoma from developing and raises the risk of wound
infection and hospital stay [26, 27]. A post-operative
hematoma creates an obstacle to venous and lymphatic
flow, and also, if massive, results to an acute airway
obstruction leading to asphyxia and death. Thus, if a post-
operative hematoma is rapidly expanding, the surgical
wound must be opened immediately at the bedside and
if necessary even an emergency tracheostomy or crico-
thyroidostomy must be performed.

Recurrent laryngeal nerve injury

Thyroidectomy is a procedure during which the recurrent
laryngeal nerve (RLN) identification and safety is very
important. RLN identification minimizes the risk of
injury to a rate of 0–2.1% and if not properly performed
the risk increases to a rate of 4–6.6% [28].

The anatomical path of RLN differs between the right
and the left side of the neck. The left RLN branches from
the vagus at the aortic arch level, while the right RLN
branches from the vagus more superiorly, at the level of
the subclavian artery. Then the nerve courses towards the
larynx on the tracheo-oesophageal groove, with a close
anatomical relationship with the thyroid gland, para-
thyroid glands and the inferior thyroid artery [11]. The
nerve enters the larynx through the Berry’s ligament,
and serves as the main motor nerve of all the intrinsic
laryngeal muscles, except the cricothyroid muscle.

The RLN has numerous pathways, sizes and calibers
that increase the risk of complications and are vulnerable,
especially in areas such as the Berry ligament, the Zuck-
erkandl tubercle, the tracheoesophageal groove, the
inferior and superior thyroid poles, as well as during level
VI dissections [29, 30]. The nerve can bifurcate or even
trifurcate proximal to its laryngeal entrance; therefore,
before the surgeon is 100% secure that a nerve branch
is not inside the tissue involved, no part of the Berry’s
ligament should be cut or clamped [31]. The ligament
may wrap the nerve around it, so neuropraxia may be
caused by excessive medial traction when finishing the
dissection of the posterior part of the thyroid lobe. In
addition, any attempt in this field to cauterize bleeding
vessels can injure the nerve [11]. The distal part of the

nerve is mainly protected by the tubercle of the Zuck-
erkandl (traverses medial to the tubercle and is shielded
from view until the tubercle is retracted medially) or a
portion of the Berry’s ligament or both of them [31, 32].

It is of utmost importance to note that a non-recurrent
laryngeal nerve or direct branch of the vagus may also
be identified on the right side in around 1% of cases [33].
A nonRLN occurs when a retro oesophageal right sub-
clavian artery arises from the dorsal side of the aortic
arch, and the branches from the vagus at the cricoid
cartilage level enter the larynx without looping around
the subclavian artery (Figure 3). This is not an issue
on the left side, where the nonrecurrent laryngeal nerve
has been rarely reported in patients [31]. The anatomic
relationship among the RLN and the inferior thyroid
artery branches is also not a reliable landmark for
identifying the nerve [34, 35]. Usually, the nerve courses
between the two branches, but it is not advisable to use
the inferior thyroid artery as an anatomic landmark
to identify the recurrent laryngeal nerve due to this
unpredictability (Figure 4). On the right side, the nerve
runs between the artery branches in 50% of patients,
anterior to the artery in 25% and posterior in 25%. On
the left side, the nerve runs posteriorly to the artery in
50% of patients and between the branches in approxi-
mately 35% (Figure 5).

The operative risk is associated with the extension of
the resection, the type of surgery, the volume of the gland
and the occurrence of thyroid disease (Graves’ disease,
cancers etc.) [29, 36]. Common mechanisms of injury
include complete or partial transection, traction, contu-
sion, crush, burn, misplaced ligature and compromised
blood supply. The nerve is less likely to be damaged
if directly visualized during at least a portion of the
operation. Medial retraction of the thyroid lobe remains
amatter of preparation, practice, and choice of the surgeon,
whether the nerve is exposed caudally to the inferior thy-
roid artery early in operation or after some mobilization of
the superior and inferior poles [18, 29, 30, 37].

In most cases, irrespective of its previous caudal
detection, the distal course of the nerve (2–3 cm), where
the damage is most likely to occur, can not be seen un-
til this stage in the operation. In the first month after
surgery, Bergenfelz et al. reported 142 unilateral recurrent
nerve paralyses, but nerve damage was only visualized
in 14 cases during surgery [18].

The damage to the recurrent laryngeal nerve may
be transient or permanent, unilateral or bilateral. The
unilateral lesion causes dysphonia due to the immobility
of the ipsilateral vocal cord and can be followed by
difficultieswithwheezing and liquid swallowing.Anunusual
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complication is the bilateral lesion, associated with extreme
episodes of breathlessness (0.4 percent) [36].

In the preoperative period, laryngoscopic examination
is helpful to recognize damage and dysfunction already
present, especially if the patient has undergone previous
surgery in the cervical region. According to Echternach,
who conducted pre- and post-operative laryngoscopy,
20%of laryngeal dysfunction patients had prior alterations
in the vocal cords [37].

In the field of technique and instrumentation, consider-
able progress has been made. Ultrasound or radiofrequency
systems can be replaced or supplemented by traditional
methods (knot and tie ligation, metal clips and electro-
coagulation), but the use of these devices has not demon-
strated substantial changes in the incidence of nerve injury
[38, 39].When insertinghemostatic sutures, great care should
be taken, so they are not positioned deep enough to encom-
pass the nerve. We defined the nerve in this area for teaching

Figure 3: Normal right recurrent laryngeal nerve (A) and right nonrecurrent laryngeal nerve in the presenceof an aberrant subclavian artery (B).

Figure 4: Anatomy of the recurrent laryngeal nerve and its relationship of the inferior thyroid artery and recurrent laryngeal nerve.
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purposes over the last decade, even thoughwewere sure that
the nerve was lateral or posterior to Berry’s ligament being
transected, and did not sustain a permanent nerve injury. In
cases in which the distal nerve was not already exposed after
mobilizing the Zuckerkandl tubercle, this technique usually
takes no more than a few seconds to do [31].

During thyroidectomy, nervemonitoring is a valuable
tool for recognizing the nerve and recording its vitality.
Intraoperative monitoring of RLN has allowed a reduction
of injury rates of the recurrent nerve [40]. Barczynski
et al. reported that the frequency of transient recurrent
laryngeal nerve paresis was decreased by intraoperative
neuromonitoring (2.9 percent for high-risk patients and
0.9 percent for low-risk patients) [41]. Interestingly, a
meta-analysis by Higgins et al. found that systematic
visualization of the RLN was still the best technique to
prevent nerve injury, using the nerve stimulator with
an RLN injury rate of 3.25 percent vs. 3.12 percent for
nerve visualization [42].

Treatment for recurrent laryngeal nerve damage should
be symptom-based. If there is dyspnea after extubation,
reintubation is recommended to restore ventilation. To
decrease laryngeal eodema, high-dose corticosteroid ther-
apy is given for 48 h. Corticotherapy is followed by wide-
spectrumantibiotic coverage andPPI treatment,which tends
to reduce the risk of developing granuloma of the larynx.
Persistent vocal cord immobility and severe dyspnea
require the performance of a tracheostomy. Vocal cord

mobility recovery was observed as late as 12 months af-
ter surgery. When vocal cord paralysis is in adduction,
arytenoidectomy with a posterior vocal cord resection
that restores space for air passage and respiratory
function is a possible surgical remediation [43]. Laser
posterior cordectomy, which has been known to be an
excellent and safe treatment for upper airway obstruction
relief, may also be used [44].

For unilateral RLN palsy and vocal cord paralysis
during adduction, the tolerance of the patient and the
impact of RLN palsy on the quality of life, respiratory
function and phonation must first be assessed [31].
Remedial surgical techniques are medialization of the
vocal cord by intracordal injection of autologous material
when vocal cord paralysis is in abduction, thyroplasty
consisting of implantation into the paralyzed vocal cord
by thyrotomy of different materials and adduction of the
arytenoid muscle [29, 45]. While it has been proposed
to reconstruct the recurrent laryngeal nerve when nerve
damage is recognized during surgery, the results are
uncertain [46]. Finally, voice re-education is recom-
mended for patients with recurrent laryngeal nerve palsy.

Superior laryngeal nerve injury

The external branch of the superior laryngeal nerve (SLN)
is a branch of the vagus nerve (X cranial nerve) and is

Figure 5: Relationship of the recurrent
laryngeal nerve (RLN) to the left and right
inferior thyroid arteries.
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the most commonly injured nerve in thyroid surgery, with
an injury rate of 0–25%.

The SLN has an internal and an external branch
(Figure 6). The internal one provides sensory innervation to
the larynx and enters it through the thyrohyoidmembrane,
whichmeans it should not be at risk during thyroidectomy.
The external branch has an anatomical relationship with
the superior thyroid vessels, and before it ends at the cri-
cothyroid muscle, it moves inferiorly along the inferior
constrictor lateral surface. The cricothyroid muscle is
involved in elongation of the vocal folds and trauma to this
nerve results in the inability to lengthen the vocal folds and
leads to high-pitched sound [47].

The external branch of the SLN is involved with the
branches of the superior thyroid artery in a critical area 1.5–
2 cm from the thyroid capsule. A recent study found that
more than 1 cm above the upper pole of the thyroid gland,
the nerve crosses the superior thyroid artery at 42%, less
than 1 cm above the upper pole at 30% or under the upper
pole at 14% [47].

It is widely accepted that for preventing the SLN,
ligation of the terminal branches of the superior thyroid
artery as close as possible to the thyroid capsule is rec-
ommended. Electrophysiologic monitoring of the SLN is
not recommended [48]. If the SLN is injured, the only
available treatment is speech therapy [49].

Thyrotoxic storm

Thyrotoxic storm or thyrotoxic crisis is a life-threatening
condition that leads to excessive release of thyroid hormones
in patients with thyrotoxicosis. It is an unusual complication
that may result from manipulation of the thyroid gland in
patients with hyperthyroidism. It can occur preoperatively,
during the surgery, or postoperatively and can be prevented
by preoperative management with antithyroid drugs [50].
The primary symptom of thyrotoxic storm is hyperpyrexia
due to importantly high metabolism. The patient develops

sinus tachycardia, hypertension and high-output car-
diac failure, irritability and restlessness and thyrotoxicosis
can also progress to alteration of mental status (delirium, -
seizures and coma). Gastrointestinal manifestations can also
be evident and include diarrhoea, vomiting, jaundice and
abdominal pain.

If thyrotoxic crisis occurs during thyroid surgery, the
surgeon should stop the procedure and β-blockers,
propylthiouracil, sodium iodine and steroids should be
administrated intravenously. The use of cooling blankets
and cooled intravenous fluids are essential for reducing
the patient’s high body temperature. American Thyroid
Association guidelines recommend that patients under-
going thyroidectomy should be managed preoperatively
with methimazole and potassium iodide (KI). There is also
the recommendation to render patients euthyroid with
antithyroid medication is an effort to reduce the risk of
thyroid storm that could be precipitated by the stress of
surgery. KI is recommended to reduce thyroid gland
vascularity, to improve operative visualization and to
reduce operative complications [50].

Conclusions

In conclusion, complications following thyroidectomy
are predictable but not always preventable and require a
prolongation of hospitalization, resulting in higher patient
management costs. Surely, the occurrence of these com-
plications can be minimized by attentive operator action
during surgical procedures. In order to sustain the
complication rate at very low levels, the surgeonmust have
a complete anatomical understanding of not only the
normal anatomy of the central visceral compartment of the
neck, but also of the common variations of the laryngeal
nerves and parathyroid glands. It is clear that surgeons
should be professionally qualified to do all of this, obey
best practice, and retain their level of dedication and good

Figure 6: Anatomy of the superior laryngeal nerve.
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communication until the result is ensured. The patient is
not only fulfilled in this way, but adequately relieved of the
issue.
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