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Abstract

Purpose Venous thromboembolism (VTE) is associated with significant morbidity and mortality in patients undergoing
surgery, but conflicting data exist on VTE risk in patients undergoing head and neck surgery for malignant and non-malignant
conditions. Our aim was to examine the risk of VTE among patients with and without cancer undergoing head and neck
surgery.

Methods We conducted a nationwide cohort study to examine the risk of VTE among patients with an otolaryngological
diagnosis using data from the Danish National Patient Register between 2010 and 2018. Analyses were stratified by cancer
and anatomical areas of the surgical procedure.

Results In total, 116,953 patients were included of whom 10% (n=12,083) had active cancer. After 3 months, 1.2% of
the patients with cancer and 0.3% of the patients without cancer experienced VTE, respectively. For patients undergoing
mouth/throat surgery, 0.8% with cancer and 0.2% without cancer had VTE, respectively. After nose/sinuses surgery 0.7%
and 0.2%, respectively. No patients experienced VTE after ear surgery; and after endoscopies the numbers were 1.3% and
0.6% respectively.

Conclusions While the minority of patients undergoing head and neck surgery develop VTE postoperatively, the risk
increases among those with cancer. To support clinical decision making on anticoagulation, risk stratification tools could be
further developed to recognize this hazard in patients with cancer undergoing head and neck surgery.

Keywords Venous thromboembolism - Surgery - Cancer - Anticoagulation

Abbreviations ICD International classification of diseases
ATC Anatomical therapeutic chemical VTE Venous thromboembolism
CI Confidence interval

Introduction

P< Ida E. Albertsen
i.albertsen @rn.dk; idaehlers @gmail.com

Nina M. Lyhne

Venous thromboembolism (VTE), comprising both deep
venous thrombosis (DVT) and pulmonary embolism (PE),

n.lyhne@rn.dk is a common postoperative complication, especially among
those with cancer among [1]. PE, in particular, is recog-
Torben B. Larsen . . .

tobl@rn.dk nized as an important cause of potentially preventable death
) among postoperative patients [2]. Not to be underestimated,

Peter B. Nielsen . . . . .1 .
pbn@rn.dk DVT is associated with high morbidity and mortality [3, 4]
with potential of severe complications of post-thrombotic
! Department of Otolaryngology, Head and Neck Surgery syndrome and associated high healthcare cost and quality

and Audiology, Aalborg University Hospital, Hobrove;j

of life burden [5, 6]. Prevention as well as early detection
18-22, 9000 Aalborg, Denmark

and treatment VTE can reduce the associated morbidity and
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cially, the benefit of pharmacological thromboprophylaxis
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(i.e., anticoagulation) must be weighed against the risk of
bleeding.

The frequency of postoperative VTE in the head and neck
surgery population varies widely from 0 to 26% [8—11].
Accordingly, assessment of the risks and benefits of throm-
boprophylactic measures for head and neck surgery patients
and determination of guideline recommendations have been
challenging. A meta-analysis from 2018 including five
studies focused on head and neck patients, all with cancer,
described a VTE incidence of 5% for patients undergoing
resection [12]. Conversely, in another meta-analysis from
2018 including 29 studies studying patients with and with-
out cancer, an overall VTE risk of 1.5% was observed [13].
Stratification by other relevant factors, such as anatomical
location and age, has not performed in the majority of such
studies. To support the clinical decision-making on throm-
boprophylaxis, the American College of Chest Physicians
(ACCP) published evidence-based guidelines for the preven-
tion of VTE in surgical patients [7]. The guidelines tailor
recommendations to individual surgical specialties and also
recommend use of the Caprini risk score for selected surgi-
cal specialities [14]. Unfortunately, the ACCP guidelines
do not include specific recommendations for head and neck
surgery. Numerous obstacles hinder guidelines for preven-
tion of VTE in head and neck surgery: broad heterogeneity
of procedure type, variable risk among those undergoing
surgery for malignant and non-malignant disease, and lack
of specific risk stratification tools in the otolaryngology
population.

To provide more clarity regarding the heterogeneous risk
of otolaryngology patients, we assessed the frequency of
VTE in patients undergoing head and neck surgery, stratified
according to cancer status, using contemporary data from a
nationwide Danish cohort.

Materials and methods

This study was an observational cohort study analysing
Danish nationwide administrative registry data from year
2010-2018.

Data sources

The Danish Civil Registration System assigns a unique,
central personal registration number (CPR number) to each
resident, either at birth or upon immigration, which allows
unambiguous individual-level linkage of health registries
[15]. This study was based on linkage of three nationwide
Danish registries: (1) The Danish National Patient Registry,
which has tracked hospitalizations since 1977, and outpa-
tient and emergency department visits at all hospitals in
Denmark since 1995 [16]; (2) The National Prescription
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Register, which records detailed information on purchase
date, Anatomical Therapeutic Chemical [ATC] classification
code, package size and dosage for every prescription with-
drawal in Denmark since 1994 [16]; (3) The Danish Person
Registry, which contain data on gender, date of birth, vital
and emigration status [17]. All codes used in this study are
presented in eTable 1 in the Supplement.

Study population

The study population consisted of adult patients
(age > 18 years) with a first-time head and neck surgery
code; the date of the procedure code was defined as the
index date. Study subjects were identified from the National
Patient Register. We included all in- and outpatients reg-
istered with a head and neck surgery diagnosis code from
January 2010 through December 2018. ICD-10 codes for
surgeries used in this project are listed in eTable 1. Due
to overlap with other specialities minor surgical procedures
(ICD-10 code 'KQ", '’KT", ‘KDCA10’, ‘KDCA20’), surger-
ies on eye-area (ICD-10 code "KC"), and certain endosco-
pies (ICD-10 code ‘KUDQ12’, ‘KUDHO02A’, "KUDB" and
‘KUDHO02’), were not included.

To ensure an adequate retrospective time window for
assessment of risk factors in the national registries prior to
the surgery, we excluded patients who had not been citi-
zens in Denmark for at least two years prior to surgery.
Because of a continued indication for anticoagulation, we
also excluded patients with a diagnosis code of atrial fibril-
lation or heart valve replacement at any time before head and
neck surgery, and patients who had claimed a prescription
of oral anticoagulant treatment within the past year before
the surgical procedure.

Baseline characteristics and comorbidity

Selected baseline characteristics and comorbidities were
identified from the national registries using ICD-10 and
ATC codes. Demographic factors, relevant VTE-associated
factors, as well as available factors used in the Caprini risk
scoring system (eTable 2 in the Supplement), were used to
characterize the population [14].

Depending on type of condition and its relevant time-
dependent effect on VTE risk, patient characteristics were
searched either dating 3 months or 10 years prior to the
index event, as done previously [18]. The cohort was strati-
fied according to cancer, which was defined as those who
had a record of a cancer diagnosis code within 1 year before
the index event. This approach was chosen to ensure that a
diagnosis code reflected active cancer (excluding nonmela-
noma skin cancer). Patients with a previous cancer diagno-
sis code were considered as suffering from a history with
cancer.
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Outcome

The study outcome was VTE (deep venous thrombosis
or pulmonary embolism) occurring within 90 days of a
first-time head and neck surgery. To ensure validity of
the outcome, hospital discharge diagnosis codes of VTE
were required to be given in combination with an imaging
examination code. For incident VTE diagnosis codes, this
algorithm has been shown to ensure a positive predictive
value of 91% [19].

Population controls

We compared the VTE risk for patients undergoing head
and neck surgery with matched controls from the general
population. Specifically, we used the Danish Civil Reg-
istration System to select 5 population controls for each
case, matched for age (within 5 years of the birth year) and
sex. We selected controls using risk-set sampling: each
control had to be alive and at risk of a first VTE on the
index date of the case to whom the subject was matched
[20]. Controls were assigned an index date identical to that
of each corresponding case.

Statistics

All included patients were described at the date of surgery
according to demographics and baseline comorbidities
and were stratified by cancer status. Characteristics were
described using proportions for categorical variables and
medians with interquartile range for continuous variables.

Patients were followed from the date of the head and
neck procedure until VTE, death, emigration, or end of
the study, whichever occurred first. Crude incidence rates
were calculated as number of events divided by 100 per-
son-years. Cumulative incidence functions by means of
the Aalen-Johansen estimator, assuming death as compet-
ing risk, were used to estimate VTE risk and to depict the
absolute VTE risk during follow-up.

Because previous surgery for patients with suspected
VTE is considered as a prognostic factor dating 3 months
back, we reported results at 3-month follow-up as the main
results [21].

Pharmacological thromboprophylaxis use in hospital-
ised patients from the Department of Otolaryngology,
Head and Neck Surgery and Audiology, Aalborg Univer-
sity Hospital, Aalborg, Denmark during year 2021 was
ascertained and presented to provide insights on the pro-
phylactic management of these patients.

Supplementary and sensitivity analyses

Since some patients might have undergone surgery with a
previously unrecognized cancer, we did a supplementary
analysis, by restriction of the study population to patients
free from cancer at baseline. In this sub-cohort, we applied
a time-dependent stratification on patients who did and did
not develop cancer during follow-up. Furthermore, to clarify
the short-term VTE risk after surgery, the VTE risk was also
investigated within 7 days after surgery.

The following additional analyses were conducted: (1)
VTE risk stratifying patients in age categories as sug-
gested in the Caprini score [22] (<41 years, 41-59 years,
60-74 years, > 74 years); and (2) VTE risks after surgery
according to varying anatomic areas (surgeries related
to mouth/throat, nose/sinuses, ear, and endoscopies,
respectively).

Analyses were conducted using Stata/MP version 16
(StataCorp LP). This study was conducted in compliance
with the General Data Protection Regulation and is part of
North Denmark Region’s record of processing activities
(j.no. 2017-68). Other approvals were not necessary accord-
ing to Danish legislation.

Results

The study population comprised 116,963 patients who has
undergone head and neck surgery between year 2010 to 2018
(Fig. 1). Baseline characteristics are presented in Table 1.

132,871 patients
aged > 18 with head and
neck surgery
2010 - 2018

Exclusions
2,853 emigrated or
»|  recently immigrated
11,947 patients with
v atrial fibrillation,
mechanical heart valve,
or oral anticoagulation
use at baseline.
1,118 with invalid data

116,953 patients with
head and neck surgery
after initial exclusions

104,870 patients without
and 12,083 with active
cancer included in the

main analyses

Fig. 1 Flowchart of the study population

@ Springer



5084

European Archives of Oto-Rhino-Laryngology (2023) 280:5081-5089

Table 1 Descriptive
characteristics of 116,953
head and neck surgery patients

Characteristic, no (%)

No cancer,
n=104,870 (90%)

Cancer,
n=12,083 (10%)

according to cancer status Female sex 5,704 (47.2) 50,047 (48.6)
Age, mean (SD) 66.2 (12.1) 51.2(19.5)
Surgery type

Operations in relation to the mouth/throat 2,755 (22.8) 43,855 (41.8)
Operations in relation to the nose/sinuses 450 (3.7) 21,973 (21.0)
Operations in relation to the ear 279 (2.3) 13,475 (12.8)
Endoscopies 8,599 (71.2) 25,567 (24.4)
Persistent risk factors
History of VTE 242 (2.0) 1,050 (1.0)
History of cancer 45 (0.4) 1,000 (1.0)
Congestive Heart Failure 844 (7.0) 4,816 (4.6)
Inflammatory bowel disease 135 (1.1) 1,246 (1.2)
Chronic obstructive pulmonary disease 1,274 (10.5) 5,597 (5.3)
Diabetes 881 (7.3) 5,572 (5.3)
Renal disease 399 (3.3) 3,117 (3.0)
Moderate/Severe liver disease 195 (1.6) 1,714 (1.6)
Hypertension 3,988 (33.0) 20,220 (19.3)
Varicose veins 198 (1.6) 1.506 (1.4)
Rheumatic disorder 562 (4.7) 3,930 (3.7)
Obesity 302 (2.5) 2,618 (2.5)
Inherited thrombophilia n/a 96 (0.1)
Antiphospholipid antibody syndrome n/a 15 (0.0)
Lupus Erythematosus 13 (0.1) 83 (0.1)
Temporary risk factors
Other recent major surgery 729 (6.0) 4,244 (4.0)
Immobilization 2,423 (20.1) 5,436 (5.2)
Pregnancy or puerperium 12 (0.1) 286 (0.3)
Central venous catheter 424 (3.5) 3,681 (3.5)
Fracture/trauma 320 (2.6) 10,147 (9.7)
Sepsis 311 (2.6) 1,777 (1.7)
Pneumonia 968 (8.0) 5,391 (5.1)
Stroke 115 (1.0) 783 (0.7)
Cardiac arrest 35(0.3) 911 (0.9)
Ischemic heart disease 297 (2.5) 1,980 (1.9)
Gastrointestinal bleeding 109 (0.9) 623 (0.6)
Major bleeding 39 (0.3) 172 (0.2)
Hormone replacement 140 (1.2) 8.995 (8.6)

Of these, 12,083 patients (10%) had cancer (47.2% female;
mean age 66.2 years), and 104,870 patients (90%) did not
have cancer (48.6% female; mean age, 51.2 years).

Patients with cancer primarily had an endoscopic proce-
dure performed (71.2% of the patients with cancer vs. 24.4%
of the patients without cancer) whereas patients without
cancer primarily had surgery on mouth/throat performed
(41.8% vs 22.8%, respectively). A greater proportion of can-
cer patients had hypertension (33.0% vs. 19.3%) and were
recently immobilized (20.1% vs. 5.2%). However, a greater
proportion of those without cancer had recent trauma or

@ Springer

fracture (2.6% with cancer vs 9.7% without cancer). During
follow-up, 13.7% of the patients with cancer died compared
with 4.0% of patients without cancer.

A total of 444 patients experienced a VTE event dur-
ing 3-month follow-up. At 3-month follow-up, VTE rates
per 100 person-years were 5.08 for patients with cancer and
1.30 for patients without cancer (Table 2). Figure 2 shows
the cumulative incidence proportions of VTE for head and
neck patients undergoing surgery and for matched controls.
At 3-month follow-up, the absolute VTE risk was 1.2% for
patients with cancer 0.3% for those without (Table 2). For
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Table 2 90-days venous thromboembolism rates per 100 person-years
and cumulative risk according to cancer status for 116,953 surgical
patients

Number  Rates/100 Cumulative risk (95%CI)
of events  person-years
(95% CI)
Cancer 140 5.1 (4.3-6.0) 1.2 (1.0-1.4)
No cancer 304 1.2 (1.1-1.4) 0.3 (0.3-0.3)
v
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Fig.2 90-days cumulative risk of venous thromboembolism by can-
cer status and for matched population

B With cancer
1,4

1,2
1,2

Main analysis
Age <41
Age 41-59

Cancer during follow up

1,3
1,1
1
1
0,8
0,8
0,7 0,7 0,7
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0,6
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0,4
03
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the matched controls, a total number of 248 had VTE after
3 months corresponding to a risk of <0.1%.

During year 2021 on the Department of Otolaryngology,
Head and Neck Surgery and Audiology, Aalborg University
Hospital, 21 patients out of 1384 hospitalised patients (1.5%)
received prophylactic doses of dalteparin or tinzaparin.

Supplementary and sensitivity analysis

Results of the supplementary analysis restricted to patients
free from cancer at baseline and stratified on development of
cancer during follow-up, showed an overall low VTE risk.
Specifically, patients developing cancer during follow-up
had a VTE risk of 0.7% compared with 0.1% for the patients
without cancer (eTable 3). Estimating the short-term VTE
risk, 8 patients out of 12,083 with cancer and 52 patients
out of 104,870 free from cancer had VTE within 7 days of
surgery, both groups with corresponding risk of 0.1% or
less. Cumulative risk for the remaining supplementary and
sensitivity analyses are shown in Fig. 3 and eTable 4 in the
Supplement.

Sensitivity analyses stratifying on age categories showed
highest risk for patients with cancer aged 60-74 (1.3%),
and lowest risk for patients without cancer aged <41 years
(0.1%). Stratification by anatomical areas demonstrated that
VTE was primarily observed in patients with an initial endo-
scopic procedure (1.3% for patients with cancer vs. 0.6% for

Without cancer
1,3

o

Age 60-74
Age > 74
Ear surgery

Endoscopies

Mouth/throat surgery
Nose and sinus surgery

Fig.3 90-days cumulative risk (%) of venous thromboembolism according to selected sub-groups
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patients without cancer). VTE rates for the supplementary
analyses are presented in eTable 4 in the Supplement.

Discussion

In this large nationwide cohort of patients undergoing head
and neck surgery, we observed that few patients suffered
VTE after head and neck surgery. However, the highest risk
of VTE was found among postoperative patients with cancer.
Older patients and those undergoing endoscopic head and
neck surgery demonstrated higher rates of VTE.

Comparison of studies investigating VTE incidence after
head and neck surgery has been challenging due to several
epidemiologic differences. First, the follow-up period has
varied widely, from VTE evaluated only until discharge to
assessment out to 6 weeks after discharge [12, 23]. Second,
complexity and length of head and neck surgery can vary
greatly [8, 10, 24]. In addition, some studies have chosen
to include both symptomatic and asymptomatic VTE while
others have focused on only symptomatic events [25]. Some
studies include both patients with and without cancers, while
others have been confined to patients either with or with-
out malignancy [11, 12, 23]. Statistically, the issue of death
as a competing risk for VTE has rarely been considered,
e.g. by using the Aalen-Johansen estimator, assuming death
as competing risk [26]. Finally, some studies use medical
thromboprophylaxis others have relied upon mechanical
prophylaxis [27]. These differences from population to
methodology have limited the ability to obtain consistent
estimates of VTE risk.

A systematic review and meta-analysis including five pro-
spective studies of head and neck cancer patients undergoing
tumour resection, found a VTE incidence of 5% [12]. In
three of the studies, the follow-up period was not reported,
which challenges the interpretation of the estimated 5%
risk. In these studies, pharmacological thromboprophylaxis
was used routinely only in two of five studies. Hence, the
study also concluded that administration of pharmacologi-
cal thromboprophylaxis was inconsistent in head and neck
cancer surgery indicating that current guidelines on throm-
boprophylaxis in cancer surgery have yet to be implemented
in routine clinical practice. In another systematic review and
meta-analysis including 23 studies with a total of 618,264
patients including patients with and without cancer, a VTE
risk of 0.4% was estimated. Of the included studies, 12 stud-
ies evaluated VTE outcomes only until discharge, whereas
all the other studies looked at outcomes up to 30 days after
discharge, except for a single study evaluating VTE risk up
to 6 weeks after discharge [23].

A high VTE risk of 26% was noted 30 days after sur-
gery among 133 patients undergoing oral oncologic sur-
gery with simultaneous reconstruction [9]. All patients had
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routine postoperative ultrasonography performed to assess
for asymptomatic deep venous thrombosis. Of 35 patients
with detected VTE, three patients had PE without note of
whether these were symptomatic. Of note, surveillance ultra-
sonography is not routine clinical practice after surgery. Fur-
thermore, the clinical significant and treatment of incidental
or asymptomatic VTE is subject to fierce debate [28]. Hence,
the clinical implication of this study is uncertain. None of
these studies report results stratified on anatomical areas.

However, in the context of these prior studies and our
current analysis, it appears that the overall incidence of VTE
following head and neck surgery appears lower than that of
most other surgical specialties [1]. This has important impli-
cations because the major concern regarding pharmacologi-
cal thromboprophylaxis administration has consistently been
bleeding. Bleeding within the neck compartment can be life
threatening due to its proximity to the airway. Consequently,
the concern of bleeding might contribute to low provider
prescription of prophylactic anticoagulation and limited
patient adherence to thromboprophylaxis protocols. Fur-
thermore, several studies have showed that the benefit from
thromboprophylaxis outweighs the risk of bleeding only
in high risk patients [8, 25]. The meta-analysed incidence
of bleeding complications was 0.9% [23]. The addition of
medical thromboprophylaxis did not result in a significantly
lower VTE incidence (odds ratio, 0.86;95% CI 0.48-1.52)
but produced a higher risk of bleeding (odds ratio, 3.78; 95%
CI 2.20-6.48)).

Some patients undergoing head and neck surgery will
undergo re-operation within the following months after a
first operation. For anatomical surgery types, the highest
risk in our study was found for patients with cancer after an
endoscopic procedure (1.3%). For some patients this esti-
mate might reflect a higher risk due to re-operation during
follow-up. On the other hand, many patients with cancer
may shift to radiation therapy, associated with a relative
low VTE risk, after an initial endoscopy instead of receiv-
ing more surgery [29]. Either way, an assessment of VTE
risk may influence further therapy as well as prophylactic
measures. To potentially help inform anticoagulant treat-
ment strategies, future studies may focus on evaluating why
VTE occurs and which patients may be specifically at risk
of developing VTE.

For surgical patients in general, prognostic factors for
VTE include general anaesthesia, prolonged surgical time,
postoperative immobilisation, mechanical trauma to venous
structures, stasis, and cancer, and reconstructive surgery.
Among patients undergoing surgery, surgical duration has
been shown to be directly proportional to risk of VTE [30].
For patients with cancer, the 2021 American Society of
Hematology guideline recommends pharmacological rather
than mechanical thromboprophylaxis for all cancer patients
undergoing a surgical procedure at lower bleeding risk [31].



European Archives of Oto-Rhino-Laryngology (2023) 280:5081-5089

5087

Yet, current practices in VTE prophylaxis for patients with
and without cancer vary widely among the otolaryngology
community [32, 33]. In a survey of otolaryngologists, 88%
indicated that guidelines for the prevention of VTE would be
useful [34]. Nevertheless, in a retrospective study evaluating
use of thromboprophylaxis in oncologic patients undergoing
head and neck surgery, only 568 (56%) out of 1018 received
appropriate thromboprophylaxis [8].

Despite efforts in VTE prevention, international guide-
lines do not provide recommendations specifically for head
and neck surgery. The ACCP has made recommendations
for some individual surgical specialties, but not for head
and neck surgery. For other surgical specialities, the Caprini
risk assessment model is recommended [22]. The Caprini
score has undergone limited validation in the otolaryn-
gology patient population [25, 35, 36]. In a retrospective
validation study of 2016 head and neck patients under-
going surgery, an overall VTE risk of 1.3% after 30 days
was observed. The study concluded that only patients with
a Caprini score > 8 had a VTE risk higher than 3%. This
contrasts with the ACCP recommendations in which only
patients with a Caprini score > 3 (3% risk) are recommended
to receive medical thromboprophylaxis [7]. Accordingly, in
2022 an adapted model of the Caprini score for otolaryngol-
ogy patients was published, suggesting a higher score cut-off
value (> 5) before recommending medical thromboprophy-
laxis [36]. In our study, patients with cancer aged 60-74 and
patients with cancer undergoing an endoscopic procedure
exhibited the highest VTE risk (1.3%). As such, the appli-
cability of the Caprini score for patients undergoing head
and neck surgery in our cohort may be questionable. To our
knowledge, no formal validation study on otolaryngology
patients assessing calibration and discriminative power of
the Caprini model has been performed [37]. Hence, no inter-
national guidelines recommend routine use of the Caprini
score for head and neck surgery patients.

Limitations

Limitations of our study include those typically of large
dataset analyses using diagnostic codes. VTE ICD-10 coded
records may not reflect an actual VTE event because of inac-
curate coding and misclassification. However, our approach
minimizes this risk by requiring the VTE diagnosis code
to be in combination with relevant imaging examinations
ensuring a positive predictive value of 91% for the diagnosis
[19]. Yet, given the register-based study type, we were not
able to include asymptomatic VTE, and therefore, the true
VTE risk is anticipated to be higher [38]. No formal study
has been performed on thromboprophylaxis use in Dan-
ish otolaryngology patients. Use of thromboprophylaxis
during hospitalization in 2021 in Aalborg Department of

Otolaryngology was low (1.5%). The department represents
the fourth largest otolaryngology department in Denmark.
Although not necessarily similar throughout the country,
these data underscores that thromboprophylaxis is not rou-
tinely prescribed for most head and neck surgery patients.

Some degree of misclassification is expected in the non-
cancer group. Our supplementary analysis showed that 5%
developed cancer during follow-up. The VTE risk was inves-
tigated separately for this group and found lower than the
risk for patients with cancer known at baseline.

The ICD codes for VTE do not differentiate in proximal/
distal deep vein thrombosis nor in pulmonary embolism
location (central/sub-segmental), which may be a limitation
of our study. Also, the procedure codes for surgery do not
hold any information on the length of the surgery. Finally,
the Danish population may not be representative of other
populations with greater variability in race and ethnicity,
affecting the external validity of our results. The nature of
this study was descriptive and causal conclusions cannot be
based on the observations.

We followed patients in national registries with prospec-
tively collected data and virtually complete follow-up in a
setting with free access to health services, thus largely elimi-
nating selection bias [17].

Conclusion

The use of medical thromboprophylaxis in otolaryngology
is an often-disputed clinical topic. Overall, the minority
of patients suffer from VTE after head and neck surgery.
However, the risk is higher in those patients with cancer.
For patients with cancer, risk stratification could be fur-
ther developed to help identify patients at highest VTE risk
undergoing head and neck surgery in whom the incidence
of postoperative VTE might warrant more routine throm-
boprohylaxis. Patients without cancer have a low VTE risk
and may have a risk—benefit ratio that argues against routine
prophylactic anticoagulation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00405-023-08112-8.

Funding Open access funding provided by Aalborg University Hospital

Data availability Access to data was granted through institutional
authorization to the Danish Health Data Authority. Data supporting
this study cannot be made available outside the authorization from the
Danish Health Data Authority.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes

@ Springer


https://doi.org/10.1007/s00405-023-08112-8

5088

European Archives of Oto-Rhino-Laryngology (2023) 280:5081-5089

were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Agnelli G (2004) Prevention of venous thromboembolism in surgi-
cal patients. Circulation. 110(24 Suppl 1):IV4-12. https://doi.org/
10.1161/01.CIR.0000150639.98514.6¢

2. Kreutzer L, Minami C, Yang A (2016) Preventing venous throm-
boembolism after surgery. JAMA 315(19):2136. https://doi.org/
10.1001/jama.2016.1457

3. Sggaard KK, Schmidt M, Pedersen L, Horvath-Puho E, Sgrensen
HT (2014) 30-Year mortality after venous thromboembolism a
population-based cohort study. Circulation 130(10):829-836.
https://doi.org/10.1161/CIRCULATIONAHA.114.009107

4. Larsen TB, Lip GYH, Gorst-Rasmussen A (2016) Anticoagulant
therapy after venous thromboembolism and 10-year mortality. Int
J Cardiol 208:72-78. https://doi.org/10.1016/j.ijcard.2016.01.190

5. Nielsen A, Poulsen PB, Dybro L, et al. Total costs of treating
venous thromboembolism: implication of different cost perspec-
tives in a Danish setting. J Med Econ. Published online September
13,2019:1. https://doi.org/10.1080/13696998.2019.1668193

6. Kahn SR, Galanaud J-P, Vedantham S, Ginsberg JS (2016) Guid-
ance for the prevention and treatment of the post-thrombotic syn-
drome. J Thromb Thrombolysis 41(1):144—153. https://doi.org/
10.1007/s11239-015-1312-5

7. Gould MK, Garcia DA, Wren SM et al (2012) Prevention of VTE
in nonorthopedic surgical patients: antithrombotic therapy and
prevention of thrombosis, 9th ed: American College of Chest Phy-
sicians Evidence-Based Clinical Practice Guidelines. Chest 141(2
Suppl):e227S-e277S. https://doi.org/10.1378/chest.11-2297

8. Gavriel H, Thompson E, Kleid S, Chan S, Sizeland A (2013)
Safety of thromboprophylaxis after oncologic head and neck
surgery. Study of 1018 patients. Head Neck. 35(10):1410-1414.
https://doi.org/10.1002/HED.23158

9. Kakei Y, Akashi M, Hasegawa T, Minamikawa T, Usami S,
Komori T (2016) Incidence of venous thromboembolism after
oral oncologic surgery with simultaneous reconstruction. J Oral
Maxillofac Surg 74(1):212-217. https://doi.org/10.1016/j.joms.
2015.08.006

10. Saadoun R, Bengur FB, Moroni EA et al (2022) Association
between venous thromboembolism rates and different prophylactic
anticoagulation regimens in patients undergoing free flap recon-
struction of the head and neck region. Microsurgery 2023:1-8.
https://doi.org/10.1002/micr.31029

11. Cho H, Choi J-H, Kang SY et al (2022) Analysis of thromboem-
bolic events in head and neck cancer patients who underwent con-
current chemoradiotherapy with cisplatin. Korean J Intern Med
37(6):1269. https://doi.org/10.3904/kjim.2021.309.e1

12. Lundbech M, Krag AE, Hvas A-M (2018) Prevalence of venous
thromboembolism following head and neck cancer surgery: a sys-
tematic review and meta-analysis. Thromb Res 169:30-34. https://
doi.org/10.1016/j.thromres.2018.07.009

13. Cramer JD, Shuman AG, Brenner MJ (2018) Antithrombotic ther-
apy for venous thromboembolism and prevention of thrombosis
in otolaryngology-head and neck surgery: state of the art review.
Otolaryngol Neck Surg 158(4):627-636. https://doi.org/10.1177/
0194599818756599

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Caprini JA (2010) Risk assessment as a guide for the preven-
tion of the many faces of venous thromboembolism. Am J Surg
199(1):S3-S10. https://doi.org/10.1016/j.amjsurg.2009.10.006
Schmidt M, Schmidt SAJ, Adelborg K et al (2019) The Danish
health care system and epidemiological research: from health care
contacts to database records. Clin Epidemiol 11:563-591. https://
doi.org/10.2147/CLEP.S179083

Lynge E, Sandegaard JL, Rebolj M (2011) The Danish national
patient register. Scand J Public Health 39(7 Suppl):30-33. https://
doi.org/10.1177/1403494811401482

Schmidt M, Pedersen L, Sgrensen HT (2014) The Danish civil
registration system as a tool in epidemiology. Eur J Epidemiol
29(8):541-549. https://doi.org/10.1007/s10654-014-9930-3
Albertsen IE, Nielsen PB, Sggaard M et al (2018) Risk of recur-
rent venous thromboembolism: a Danish nationwide cohort
study. Am J Med 131(9):1067-1074.e4. https://doi.org/10.1016/j.
amjmed.2018.04.042

Sundbgll J, Adelborg K, Munch T, et al. Positive predictive value
of cardiovascular diagnoses in the Danish National Patient Reg-
istry: a validation study. BMJ Open. 2016;6(11):e012832. https://
doi.org/10.1136/bmjopen-2016-012832

Wacholder S, Mclaughlin JK, Silverman DT et al (1992) Selec-
tion of controls in case-control studies I. Principles Am J Epi-
demiol 135(9):1019-1028. https://doi.org/10.1002/bdra.20388
Miinster A-MB, Grove EL, Kj®rgaard J, et al. Behandlingsve-
jledning | Lungeemboli og dyb venetrombose. Accessed Sept 5,
2018. https://www.nbv.cardio.dk/lungeemboli#tabel12_3
Caprini JA, Arcelus JI, Hasty JH, Tamhane AC, Fabrega F.
Clinical assessment of venous thromboembolic risk in surgi-
cal patients. Semin Thromb Hemost. 1991;17 Suppl 3(SUPPL.
3):304-312.

Moubayed SP, Eskander A, Mourad MW, Most SP (2017) Sys-
tematic review and meta-analysis of venous thromboembolism in
otolaryngology-head and neck surgery. Head Neck 39(6):1249—
1258. https://doi.org/10.1002/hed.24758

Patel R, Stokes WA, Roberts C, et al. Preoperative low-molec-
ular weight heparin chemoprophylaxis in head and neck free
flap reconstruction. Am J Otolaryngol - Head Neck Med Surg.
2023;44(2):103722. doi:https://doi.org/10.1016/j.amjoto.2022.
103722

Bahl V, Shuman AG, Hu HM et al (2014) Chemoprophylaxis for
venous thromboembolism in otolaryngology. JAMA Otolaryngol
Neck Surg 140(11):999. https://doi.org/10.1001/jamaoto.2014.
2254

Austin PC, Lee DS, Fine JP (2016) Introduction to the analysis
of survival data in the presence of competing risks. Circulation
133(6):601-609. https://doi.org/10.1161/CIRCULATIONAHA.
115.017719

Clayburgh DR, Stott W, Cordiero T et al (2013) Prospective study
of venous thromboembolism in patients with head and neck cancer
after surgery. JAMA Otolaryngol Head Neck Surg 139(11):1143—
1150. https://doi.org/10.1001/jamaoto.2013.4911

Di Nisio M, Carrier M (2017) Incidental venous thromboembo-
lism: is anticoagulation indicated? Hematology 2017(1):121-127.
https://doi.org/10.1182/asheducation-2017.1.121

Daguenet E, Maison M, Tinquaut F et al (2022) Venous throm-
boembolism and radiation therapy: the final radiation-induced
thrombosis study analysis. Cancer Med 11(8):1753-1762. https://
doi.org/10.1002/cam4.4559

Kim JYS, Khavanin N, Rambachan A et al (2015) Surgical
duration and risk of venous thromboembolism. JAMA Surg
150(2):110. https://doi.org/10.1001/jamasurg.2014.1841

Lyman GH, Carrier M, Ay C et al (2021) American society of
hematology 2021 guidelines for management of venous thrombo-
embolism: prevention and treatment in patients with cancer. Blood


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1161/01.CIR.0000150639.98514.6c
https://doi.org/10.1161/01.CIR.0000150639.98514.6c
https://doi.org/10.1001/jama.2016.1457
https://doi.org/10.1001/jama.2016.1457
https://doi.org/10.1161/CIRCULATIONAHA.114.009107
https://doi.org/10.1016/j.ijcard.2016.01.190
https://doi.org/10.1080/13696998.2019.1668193
https://doi.org/10.1007/s11239-015-1312-5
https://doi.org/10.1007/s11239-015-1312-5
https://doi.org/10.1378/chest.11-2297
https://doi.org/10.1002/HED.23158
https://doi.org/10.1016/j.joms.2015.08.006
https://doi.org/10.1016/j.joms.2015.08.006
https://doi.org/10.1002/micr.31029
https://doi.org/10.3904/kjim.2021.309.e1
https://doi.org/10.1016/j.thromres.2018.07.009
https://doi.org/10.1016/j.thromres.2018.07.009
https://doi.org/10.1177/0194599818756599
https://doi.org/10.1177/0194599818756599
https://doi.org/10.1016/j.amjsurg.2009.10.006
https://doi.org/10.2147/CLEP.S179083
https://doi.org/10.2147/CLEP.S179083
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.1016/j.amjmed.2018.04.042
https://doi.org/10.1016/j.amjmed.2018.04.042
https://doi.org/10.1136/bmjopen-2016-012832
https://doi.org/10.1136/bmjopen-2016-012832
https://doi.org/10.1002/bdra.20388
https://www.nbv.cardio.dk/lungeemboli#tabel12_3
https://doi.org/10.1002/hed.24758
https://doi.org/10.1016/j.amjoto.2022.103722
https://doi.org/10.1016/j.amjoto.2022.103722
https://doi.org/10.1001/jamaoto.2014.2254
https://doi.org/10.1001/jamaoto.2014.2254
https://doi.org/10.1161/CIRCULATIONAHA.115.017719
https://doi.org/10.1161/CIRCULATIONAHA.115.017719
https://doi.org/10.1001/jamaoto.2013.4911
https://doi.org/10.1182/asheducation-2017.1.121
https://doi.org/10.1002/cam4.4559
https://doi.org/10.1002/cam4.4559
https://doi.org/10.1001/jamasurg.2014.1841

European Archives of Oto-Rhino-Laryngology (2023) 280:5081-5089

5089

32.

33.

34.

35.

Adv 5(4):927-974. https://doi.org/10.1182/bloodadvances.20200
03442

Nash R, Randhawa N, Saeed SR (2015) Venous thromboembolism
prophylaxis in ENT surgery: a survey of current practice. J Lar-
yngol Otol 129(2):164-167. https://doi.org/10.1017/S002221511
4003405

Ah-See KW, Kerr J, Sim DW (1997) Prophylaxis for venous
thromboembolism in head and neck surgery: the practice of oto-
laryngologists. J Laryngol Otol 111(9):845-849. https://doi.org/
10.1017/S0022215100138770

Garritano FG, Andrews GA (2016) Current practices in venous
thromboembolism prophylaxis in otolaryngology-head and neck
surgery. Head Neck 38(S1):E341-E345. https://doi.org/10.1002/
hed.23998

Shuman AG, Hu HM, Pannucci CJ, Jackson CR, Bradford CR,
Bahl V (2012) Stratifying the risk of venous thromboembolism in
otolaryngology. Otolaryngol Neck Surg 146(5):719-724. https://
doi.org/10.1177/0194599811434383

36.

37.

38.

Levi L, Spectre G, Nesichi O et al (2022) Implementation of a
novel protocol for preventing venous thromboembolism in oto-
laryngology patients. Otolaryngol Neck Surg 166(2):297-304.
https://doi.org/10.1177/01945998211024923

Steyerberg EW, Vickers AJ, Cook NR et al (2010) Assessing the
performance of prediction models: a framework for traditional and
novel measures. Epidemiology 21(1):128-138. https://doi.org/10.
1097/EDE.0b013e3181¢30fb2

Vlazny DT, Pasha AK, Kuczmik W et al (2021) Outcome of
anticoagulation in isolated distal deep vein thrombosis com-
pared to proximal deep venous thrombosis. J] Thromb Haemost
19(9):2206-2215. https://doi.org/10.1111/jth.15416

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1182/bloodadvances.2020003442
https://doi.org/10.1182/bloodadvances.2020003442
https://doi.org/10.1017/S0022215114003405
https://doi.org/10.1017/S0022215114003405
https://doi.org/10.1017/S0022215100138770
https://doi.org/10.1017/S0022215100138770
https://doi.org/10.1002/hed.23998
https://doi.org/10.1002/hed.23998
https://doi.org/10.1177/0194599811434383
https://doi.org/10.1177/0194599811434383
https://doi.org/10.1177/01945998211024923
https://doi.org/10.1097/EDE.0b013e3181c30fb2
https://doi.org/10.1097/EDE.0b013e3181c30fb2
https://doi.org/10.1111/jth.15416

	Incidence of venous thromboembolism following head and neck surgery
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Data sources
	Study population
	Baseline characteristics and comorbidity
	Outcome
	Population controls
	Statistics
	Supplementary and sensitivity analyses

	Results
	Supplementary and sensitivity analysis

	Discussion
	Limitations
	Conclusion
	Anchor 21
	References


