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Abstract: Background: Postoperative neck hematoma is an uncommon but potentially fatal
complication following thyroid surgery. The main aim of this study was to evaluate the impact of
direct oral anticoagulants on the occurrence of this complication. Methods: Patients who underwent
thyroidectomy, between January 2020 and December 2022, in nine high-volume thyroid surgery
centers in Europe, were retrospectively evaluated. Based on taking direct oral anticoagulants, patients
were divided in two groups: DOAC Group and Control Group. Propensity score matching 1:1 was
performed between the two groups, which were then compared through univariate analysis. Results:
Patients enrolled based on inclusion/exclusion criteria were 8985. Following propensity score
matching, the study population consisted of 316 patients: 158 in DOAC Group and 158 in Control
Group. In DOAC Group, the overall incidence of neck hematoma was 5.70% (4.43% for neck
hematomas managed conservatively, and 1.27% for those that required surgical revision of
hemostasis). No statistically significant difference was found between the two groups in terms of
incidence of this complication. Readmission for neck hematoma was not observed in any patient. No
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statistically significant difference was found between the two groups in terms of timing of onset of
neck hematomas that required surgical revision of hemostasis. Conclusions: This study showed that,
in the field of thyroid surgery, direct oral anticoagulants have no impact on the occurrence of
postoperative neck hematoma. Therefore, based on our findings, it can be concluded that
thyroidectomy can be safely performed in patients taking this class of drugs.

Keywords: thyroid surgery; thyroidectomy; neck hematoma; bleeding; hemorrhage; complications;
anticoagulants; direct oral anticoagulants; DOACs

1. Introduction

Postoperative neck hematoma is an uncommon but potentially fatal complication following
thyroidectomy. Its occurrence rate, according to what is reported in the literature, reaches up to 6.5%
[1-19].

This complication can lead to acute airway obstruction, therefore if its onset is not managed
promptly and adequately, serious neurological complications or even the death of the patient may
occur. Neck hematoma with airway compromise requires immediate surgical revision of the
hemostasis. However, it is important to emphasize that, in most cases, this complication can be
managed conservatively [1-19].

In terms of timing of onset, neck hematoma generally occurs within 24 hours after surgery,
particularly in the first 6 hours, and is quite rare after 24 hours [1,6-8,12,13,15,17-19].

Since the occurrence of this complication is not common, an accurate statistical evaluation of the
risk factors is challenging. To date, various risk factors for the onset of postoperative neck hematoma
have been reported in the literature: male gender, older age, high blood pressure, higher body mass
index, active smoking, postoperative coughing and vomiting, extent of the operation (bilateral
thyroid surgery, neck dissection), previous thyroidectomy, low-volume hospitals, low surgeon
experience, large thyroid gland, retrosternal goiter, and Graves’ disease [1-19].

As for the impact of antithrombotic drugs, namely antiplatelet agents and anticoagulants, on the
occurrence of this complication, studies in the literature report discordant results [6-19]. Moreover,
in various analyses, antiplatelet agents and anticoagulants are grouped together and considered as a
single variable [6,8-10]. Furthermore, with regard to anticoagulants, and specifically direct oral
anticoagulants (DOACs), to our knowledge, there are only two studies in the literature that take them
into consideration [7,19]. However, in the study by Oltmann et al. [19] DOACs were grouped together
with traditional oral anticoagulants (vitamin K antagonists), while in the other study, which is our
previous multicenter analysis on risk factors for neck hematoma after thyroid surgery, DOACs were
considered but did not represent the main subject of the investigation [7].

The main aim of this study was to evaluate the impact of direct oral anticoagulants on the
occurrence of postoperative neck hematoma following thyroidectomy.

2. Materials and Methods
2.1. Study Design and Population

This is a retrospective, multicenter, international study on patients submitted to thyroidectomy
between January 2020 and December 2022.

Data were collected from nine high-volume thyroid surgery centers in Europe:

- General Surgery Unit, Cagliari University Hospital, Monserrato, Italy;

- Endocrine Surgery Unit, University Hospital of Pisa, Pisa, Italy;

- Endocrine and Metabolic Surgery Unit, “Fondazione Policlinico Universitario A. Gemelli

IRCCS”, Rome, Italy;
- Thoracic and Endocrine Surgery Division, Geneva University Hospitals, Geneva, Switzerland;
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- Minimally Invasive Surgery Unit, Euromedica Kyanous Stavros, Thessaloniki, Greece;

- General Surgery Unit, “Santo Stefano” Hospital, Prato, Italy;

- Endocrine Surgery Unit, Verona University Hospital, Verona, Italy;

- Multifunctional Center of Endocrine Surgery, “Cristo Re” Hospital, Rome, Italy;

- Endocrine Surgery Unity, “San Carlo di Nancy” Hospital - GVM Care and Research, Rome,
Italy.

Patients who underwent conventional open thyroidectomy, with or without neck dissection or
simultaneous parathyroidectomy, were included in this investigation.

As exclusion criteria, the following were considered: age < 18 years, patients with coagulation
disorders (involving platelets and/or coagulation factors), patients taking antiplatelet agents or
anticoagulants different from DOACs, and incomplete data.

Based on taking direct oral anticoagulants, patients were divided in two groups: DOAC Group
and Control Group.

Demographic and preoperative information, details on the surgical procedure, postoperative
hospital stay, histopathologic findings, and complications were evaluated.

2.2. Endpoints

The primary endpoint was to assess the impact of direct oral anticoagulants on the occurrence
of postoperative neck hematoma. For this purpose, the incidence of this complication (overall, for
neck hematomas managed conservatively, and for those that required surgical revision of
hemostasis), the rate of readmission for its occurrence, and the timing of onset of hematomas that
required surgical revision of hemostasis were evaluated.

As secondary endpoints, use of drains, operative time, postoperative hospital stay and the other
early complications of thyroid surgery (hypoparathyroidism, recurrent laryngeal nerve injury, and
wound infection) were assessed.

2.3. Perioperative Management of Direct Oral Anticoagulants

Direct oral anticoagulants were discontinued 48-72 hours before surgery (in consideration of
renal function) and reintroduced 24-48 hours after the operation (based on the center's practices),
without using bridging anticoagulation.

2.4. Surgical Procedure

All thyroidectomies (which included total thyroidectomies, hemithyroidectomies, and
completion thyroidectomies) were performed by conventional open approach.

Intermittent or continuous intraoperative nerve monitoring (IONM), energy-based devices
(working by means of advanced bipolar, ultrasonic or hybrid energy), and topical hemostatic agents
were used according to the preference of the operating surgeon or depending on their availability.

The use of drains was at the surgeon's discretion.

The duration of the surgical procedure was estimated, in minutes, from skin incision to skin
closure.

2.5. Assessment of Complications

Postoperative neck hematomas were categorized according to whether or not surgical revision
of hemostasis was required. The timing of onset of neck hematomas that required surgical revision
of hemostasis was evaluated, in hours, from the end of the operation to the diagnosis of the
complication. In this respect, three time intervals have been distinguished: within six hours after the
end of surgical procedure, between 7 and 24 hours, and after 24 hours.

Postoperative hypoparathyroidism was defined in the case of iPTH values below the normal
range after the surgical procedure (normal range: 10-65 pg/mL).
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Recurrent laryngeal nerve injury was diagnosed by means of postoperative fibrolaryngoscopy.
After surgery, fibrolaryngoscopy was performed in patients with suspected recurrent laryngeal nerve
injury, due to loss of signal at intraoperative nerve monitoring or hoarseness.

2.6. Statistical Analysis

Statistical analyses were performed with IBM SPSS Statistic® (version 30.0.0.0).

Propensity score matching 1:1 was performed between the two groups. The match tolerance was
set at 0.050. “Without replacement” and “Randomize case order when drawing matches” functions
were applied. The variables included in this statistical technique were the following: gender, high
blood pressure, hyperthyroidism, retrosternal goiter, surgical procedure, volume of surgeons,
hemostasis technique, IONM, topical hemostatic agents, and Graves’ disease.

Univariate analysis was employed to compare the two groups. Chi-squared test or Fisher exact
test were used, as appropriate, for categorical variables. The presence of a normal distribution of
continuous variables was evaluated by means of the Shapiro-Wilks test. Based on the results obtained
through the latter test, Mann-Whitney U test was utilized for continuous variables, which were
expressed as median and interquartile range (IQR).

P values < 0.05 were considered statistically significant.

3. Results

Patients enrolled based on inclusion/exclusion criteria were 8985: 158 in DOAC Group and 8827
in Control Group. Following propensity score matching, the study population consisted of 316
patients: 158 in DOAC Group and 158 in Control Group.

The flowchart regarding the study population is shown in Figure 1.

Patients enrolled based on DOAC Group DOAC Group

inclusion®/exclusion® criteria (n=158) Propensity score matching 1:1 (n=158)
“Con ional open thyroidectomy Gender, high blood pressure, hyperthyroidism,

+ neck dissection + parathyroidectonmy

bAge < I8, coagulation disorders,
antiplatelets or different anticoagulanis, \

incomplete data

retrosternal goiier, surgical procedure,

volume of surgeons, hemostasis technique, IONM,
topical hemosiatic agents, Graves’ disease
Control Group (n=316) Control Group

(n=8§827) (n=158)

(n=18985)

Figure 1. Flowchart regarding the study population.

3.1. Baseline Features of the Study Population

A statistically significant difference was found between the two groups in terms of age. The
median age in DOAC Group (70, IQR 64-76, years) was significantly higher than in Control Group
(58, IOR 49-65, years) (P <0.001).

The other variables were comparable.

Complete results are reported in Table 1.

Table 1. Baseline features of the study population.

Total DOAC Group Control Group P value
(n=316) (n =158) (n = 158)
Gender
Male 161(50.95%) 81 (51.27%) 80 (50.63%) 0.910
Female 155 (49.05%) 77 (48.73%) 78 (49.37%) '
Age
(years, median and IQR) 64.50 (55-72) 70 (64-76) 58 (49-65) <0.001
High blood pressure 209 (66.14%) 108 (68.35%) 101 (63.92%) 0.405
Hyperthyroidism 124 (39.24%) 64 (40.51%) 60 (37.97%) 0.645
Retrosternal goiter 43 (13.61%) 21 (13.29%) 22 (13.92%) 0.870

Type of thyroidectomy
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TT 254 (80.38%) 126 (79.75%) 128 (81.01%) 0.596
HT 53 (16.77%) 26 (16.45%) 27 (17.09%)
CT 9 (2.85%) 6 (3.80%) 3 (1.90%)
Central neck dissection
No 301 (95.25%) 149 (94.31%) 152 (96.20%)
Unilateral 1 (0.32%) 1 (0.63%) 0 0.518
Bilateral 14 (4.43%) 8 (5.06%) 6 (3.80%)
Lateral neck dissection
No 309 (97.78%) 153 (96.84%) 156 (98.73%) 0.448
Unilateral 7 (2.22%) 5 (3.16%) 2 (1.27%) '
Parathyroidectomy 5 (1.58%) 3 (1.90%) 2 (1.27%) 1.000
Volume of surgeons*
<25 30 (9.49%) 13 (8.23%) 17 (10.76%)
25-50 10 (3.16%) 6 (3.80%) 4 (2.53%) 0.623
>50 276 (87.35%) 139 (87.97%) 137 (86.71%)
Hemostasis technique
Conventional 51 (16.14%) 29 (18.35%) 22 (13.92%)
Advanced bipolar EBD 149 (47.15%) 79 (50.00%) 70 (44.31%) 0.214
Ultrasonic EBD 99 (31.33%) 41 (25.95%) 58 (36.71%) '
Hybrid EBD 17 (5.38%) 9 (5.70%) 8 (5.06%)
Use of IONM
No 152 (48.10%) 81 (51.27%) 71 (44.94%)
Intermittent IONM 138 (43.67%) 63 (39.87%) 75 (47.47%) 0.395
Continuous IONM 26 (8.23%) 14 (8.86%) 12 (7.59%)
Use of hemostatic agents 96 (30.38%) 51 (32.28%) 45 (28.48%) 0.463
Histological diagnosis
Graves’ disease 41 (12.97%) 19 (12.03%) 22 (13.92%) 0.616
Hashimoto's thyroiditis 63 (19.94%) 30 (18.99%) 33 (20.89%) 0.673
Malignancy 114 (36.08%) 57 (36.08%) 57 (36.08%) 1.000

IQR, interquartile range; TT, total thyroidectomy; HT, hemithyroidectomy; CT, completion
thyroidectomy; EBD, energy-based device; IONM, intraoperative nerve monitoring.
*Thyroidectomies per year.

3.2. Occurrence of Postoperative Neck Hematoma

The overall incidence of neck hematoma in the study population was 5.06% (3.48% for neck
hematomas managed conservatively, and 1.58% for those that required surgical revision of
hemostasis).

In DOAC Group, the overall incidence of neck hematoma was 5.70% (4.43% for neck hematomas
managed conservatively, and 1.27% for those that required surgical revision of hemostasis).

In Control Group, the overall incidence of neck hematoma was 4.43% (2.53% for neck
hematomas managed conservatively, and 1.90% for those that required surgical revision of
hemostasis).

No statistically significant difference was found between the two groups in terms of incidence
of this complication (Table 2).

Table 2. Occurrence of postoperative neck hematoma.

Total DOAC Group Control Group P value
(n=316) (n =158) (n=158)
Neck hematoma
Overall 16 (5.06%) 9 (5.70%) 7 (4.43%) 0.608
No surgical revision 11 (3.48%) 7 (4.43%) 4 (2.53%) 0.357
Surgical revision 5 (1.58%) 2 (1.27%) 3 (1.90%) 1.000
Readmission for hematoma 0 0 0 -

Readmission for this complication was not observed in any patient.
The timing of onset of neck hematomas that required surgical revision of hemostasis in the study
population was: within six hours after the end of the surgical procedure in 2 (40%) patients, and
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between 7 and 24 hours in 3 (60%). No patient developed this complication after 24 hours from the
end of surgery.

In DOAC Group, the timing of onset of neck hematomas that required surgical revision of
hemostasis was: within six hours after the end of the surgical procedure in 1 (50%) patient, and
between 7 and 24 hours in 1 (50%).

In Control Group, the timing of onset of neck hematomas that required surgical revision of
hemostasis was: within six hours after the end of the surgical procedure in 1 (33.33%) patient, and
between 7 and 24 hours in 2 (66.67%).

No statistically significant difference was found between the two groups in terms of timing of
onset of neck hematomas that required surgical revision of hemostasis (P = 1.000).

3.3. Secondary Endpoints

No statistically significant difference was found between the two groups in terms of use of
drains, operative time, postoperative hospital stay, postoperative hypoparathyroidism, recurrent
laryngeal nerve injury, and wound infection.

Complete results are reported in Table 3.

Table 3. Secondary endpoints.

Total DOAC Group Control Group P value
(n=316) (n=158) (n=158)
Use of drains 247 (78.16%) 127 (80.38%) 120 (75.95%) 0.341
Operative time
(minutes, median and IOR) 70 (50-110) 70 (50-114.25) 70 (50-110) 0.841
Postoperative hospital stay i i i
(days, median and IOR) 2(1-3) 2(1-3) 2(1-3) 0.076
i 0,
Postoperative 42 (13.29%) 21 (13.29%) 21 (13.29%) 1.000
hypoparathyroidism
RLN injury
Unilateral 10 (3.16%) 4 (2.53%) 6 (3.80%) 0.520
Bilateral 1 (0.32%) 1 (0.63%) 0 1.000
Wound infection 3 (0.95%) 0 3 (1.90%) 0.248

IQR, interquartile range; RLN, recurrent laryngeal nerve.

4. Discussion

To the best of our knowledge, this study is the first with the specific aim of evaluating the impact
of direct oral anticoagulants, considered singularly, on the occurrence of neck hematoma following
thyroid surgery [1-19].

Nowadays, direct oral anticoagulants, namely apixaban, rivaroxaban, edoxaban and dabigatran,
are widely utilized drugs. They exert their effect by means of the inhibition of factor Xa (apixaban,
rivaroxaban and edoxaban) or factor Ila (dabigatran) [20-22].

DOAC:s are currently the drugs of choice for the prevention of stroke in patients with atrial
fibrillation and for the prevention and treatment of venous thromboembolism [20-22].

Unlike traditional oral anticoagulants, such as warfarin and acenocoumarol, DOACs have a
lower risk of bleeding, a stable pharmacokinetic profile that allows for standardized dosing with no
need for routine monitoring, and fewer potential interactions with other drugs [20-22].

In light of these advantages, since their introduction on the market between 2008 and 2015, the
prescription of these drugs has progressively increased over the years. Nowadays, in many countries,
DOAC s have surpassed vitamin K antagonists, becoming the most widely utilized method of oral
anticoagulation. In the United States, about 4 million patients are currently in therapy with DOACs.
Furthermore, it is important to emphasize that about 20% of patients treated with DOACs undergo
an elective or urgent procedure every year [20-22].
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In the case of elective surgery, it is necessary to discontinue these drugs in the perioperative
period, without, however, the need for bridging anticoagulation. The timing of the interruption and
reintroduction is based mainly on the bleeding risk associated with the operation, but also on the
type of anatomical area involved in the surgical procedure. In fact, regarding this last point, it is
important to emphasize that bleeding after operations involving closed anatomical spaces, even if the
risk of developing this complication is not considered high, as in the case of thyroidectomy, can lead
to very serious consequences. Regarding the interruption, it is also necessary to take into account the
patient's renal function [20].

In patients of our study, DOACs were discontinued 48-72 hours before surgery (in consideration
of renal function) and reintroduced 24-48 hours after the operation (based on the center's practices).

In order to evaluate the impact of direct oral anticoagulants on the occurrence of neck hematoma
following thyroidectomy, which represents the primary endpoint of this study, an analysis was
conducted on the incidence of this complication (overall, for neck hematomas managed
conservatively and for those that required surgical revision of the hemostasis), the readmission rate
for its occurrence and the timing of onset of hematomas that required surgical revision of the
hemostasis. Furthermore, as secondary endpoints, use of drains, operative time, postoperative
hospital stay and the other early complications of thyroidectomy (recurrent laryngeal nerve injury,
hypoparathyroidism and wound infection) were evaluated.

In order to balance the two groups analyzed, both from a numerical point of view and with
regard to the baseline features, propensity score matching (1:1) was performed. The variables
included in this statistical technique were the following: gender, high blood pressure,
hyperthyroidism, retrosternal goiter, surgical procedure, volume of activity of the surgeons,
hemostasis technique, intraoperative neuromonitoring, topical hemostatic agents, and Graves'
disease. These variables were included in consideration of their possible impact on the endpoints of
the study [1-19]. Differently, age was not included despite having been reported by some authors as
a risk factor for postoperative neck hematoma [7-10,14]. This variable, in the comparison between
the two groups, was significantly higher in patients treated with DOACs. This result can be attributed
to the fact that therapy with direct oral anticoagulants is more commonly taken by older patients.
This variable was not included in the propensity score matching in order not to exclude from the
study population, and in particular from the Control Group, a very relevant category of patients who
undergo thyroid surgery, namely that consisting of younger individuals. This methodological choice,
in our opinion, makes the obtained results more generalizable.

In our analysis, in the study population, the overall incidence of neck hematoma was 5.06%
(3.48% for neck hematomas managed conservatively, and 1.58% for those that required surgical
revision of hemostasis). In patients treated with DOACs, the overall incidence of neck hematoma was
5.70% (4.43% for neck hematomas managed conservatively, and 1.27% for those that required surgical
revision of hemostasis). Regarding incidence rates, no statistically significant difference was found
between the two groups. It is important to emphasize that this result was obtained even though
patients in therapy with DOACs were significantly older, and therefore, according to what has been
described by some authors, at greater risk for developing postoperative neck hematoma.

With regard to readmission for this complication, it was not observed in any patient in the study
population.

The timing of the onset of neck hematomas that required surgical revision of the hemostasis in
the study population was: within six hours of the end of surgery in 2 (40%) patients, and between 7
and 24 hours in 3 (60%). No patient developed this complication 24 hours after the end of the surgical
procedure. In patients treated with DOACs, the timing of onset of neck hematomas that required
surgical revision of hemostasis was: within six hours after the end of the surgical procedure in 1 (50%)
patient, and between 7 and 24 hours in 1 (50%). Also with regard to this result, no statistically
significant difference was found between the two groups.

Our findings about incidence rates of this complication are comparable to those reported by
other authors [1-19]. With regard to the timing of onset of neck hematomas that required surgical
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revision of the hemostasis, there was not a prevalence of occurrence in the first six hours, as described
in other studies. This result was very probably influenced by the small number of cases examined.
However, it is important to emphasize that in all patients this complication developed within 24
hours [1,6-8,12,13,15,17-19].

Concerning use of drains, operative time, postoperative hospital stay, and the other early
complications of thyroidectomy, namely the secondary endpoints, the comparison between the two
groups, also in this case, showed no statistically significant differences. The results regarding
operative times, but also complications, reveal that there were no particular additional intraoperative
difficulties in patients treated with DOACs.

The main limitation of this study is the retrospective nature of our analysis, therefore at risk of
bias. However, in this regard, it is important to emphasize that the application of propensity score
matching, through which the two groups were balanced, has certainly limited bias, giving greater
value to the results obtained. Another limitation, again related to the retrospective nature of the
study, concerns the fact that for neck hematomas managed conservatively it was not possible to
evaluate the timing of onset, as this information was available only for a very small number of cases.

5. Conclusions

This study showed that, in the field of thyroid surgery, direct oral anticoagulants have no impact
on the occurrence of postoperative neck hematoma, nor on other surgical outcomes. Therefore, based
on our findings, it can be concluded that thyroidectomy, in patients taking this class of drugs, can be
safely performed and without any particular additional technical difficulties.

However, considering the limitations of our investigation, further studies, preferably
prospective and with larger populations, are needed to better examine this subject.
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