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Abstract

Introduction and purpose: Pulmonary embolism (PE) is one of the leading causes of death
worldwide. There are many factors that increase the risk of its occurence. High costs of
treatment, non-specific symptoms and high mortality of the disease determine the further
search for new methods of treatment and diagnostics. The aim of the study is to determine the

incidence of PE in patients after fracture of the proximal end of the humerus.
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Materials and methods: A literature search was conducted in the PubMed MEDLINE
database of medical publications using the following keywords: pulmonary embolism, deep

vein thrombosis, proximal humerus fracture.

Results: Among the found articles, 4 original papers describing the problems of pulmonary
embolism after fractures of the proximal end of the humerus were qualified for further
analysis. The incidence of PE after this type of fracture is rare and ranges from 1.3% to 5.1%.

Moreover, PE was not the cause of death of any patient in the analyzed literature.

Conclusion: The need for further randomized controlled trials on a large group of patients
operated with the same technique was demonstrated, including subgroups with and without

antithrombotic chemoprophylaxis.

Key words: pulmonary embolism, deep vein thrombosis, proximal humerus fracture.

Introduction:

Venous thromboembolism (VTE) is one of the leading causes of mortality worldwide. The
most common manifestation of VTE is pulmonary embolism (PE), which is estimated to
occur in 100-200 patients per 100,000 people. [1,3] The disease is characterized by pulmonary
embolism (PE) or deep vein thrombosis (DVT). The most common manifestation of VTE is
pulmonary embolism, which is estimated to occur in 100-200 patients per 100,000 people [1-
3]. Conversely, in the United States of America, more than 2,000,000 people develop deep
vein thrombosis (DVT) each year, of which 500,000-600,000 develop symptoms of PE and
100,000 die. [4-6] The cause of PE is the blockage of blood flow by a clot that closes the
lumen of the pulmonary arteries. The severity of the disease symptoms and the prognosis
depend, amongst other things, on the diameter of the closed vessel and the time elapsed from
blocking it to reperfusion. Patients hospitalized for PE at admission most often report
dyspnoea, chest pain, cough, haemoptysis, malaise and fainting. Physical examination reveals
tachycardia and tachypnea. Due to the nonspecificity of symptoms, PE may be mistaken for
an exacerbation of chronic obstructive pulmonary disease (COPD), pneumonia or other
cardiovascular conditions. [7,8] Studies have shown that 80% of it is undiagnosed on
admission and only postmortem examinations show PE as the actual cause of death. [9]
Clinical trials have confirmed many factors that predispose to VTE and have been divided
into congenital and acquired. Congenital factors are more likely to cause DVT or PE in young
people, while acquired factors are more likely to cause disease in the elderly. [7] An
extremely important aspect related to VTE (including PE) is the cost incurred by health care

systems related to the diagnostic and therapeutic process. According to analyzes in the
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European Union, they can reach up to EUR 8,500,000,000 and hospitalization of one patient
may be associated with an expense of USD 30,000. [10,11] Such high costs result from a wide
and comprehensive diagnosis, treatment and a large number of involved medical personnel
during hospitalization and subsequent rehabilitation of patients. The high risk of PE after
orthopedic procedures in the area of the lower limb is known and widely described, while the
relationship of PE with injuries of the upper limb is less of interest to scientists and clinicians.
[12-18] This issue is important from the point of view of patients and healthcare professionals,
as prognostic models assume that in the US the number of upper limb operations is expected

to increase by 700% over the next ten years. [19]

The aim of this study was to check the incidence of PE in patients with fracture of the
proximal end of the humerus based on the available literature. The authors decided to look at

upper limb injuries and immobilization as potential causes of PE.

Materials and method:

An attempt was made to find all publications available in English on the incidence of PE in
patients after fractures of the proximal humerus, before June 1, 2021. An electronic search
was performed in the PubMed MEDLINE search engine using the following keywords:

pulmonary embolism, deep vein thrombosis, proximal humerus fracture.
Results:

21 articles were found after applying keywords. Among them, only original works were
selected, describing in a direct way the relationship between fractures of the proximal end of
the humerus and the occurrence of PE. After an in-depth analysis of the literature, the authors’

assumptions were met by 4 papers, the results of which are presented in the table (Tab. 1).
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Tab. 1. The results of the literature analysis

(VTE — venous thromboembolism; DVT — deep vein thrombosis; PE — pulmonary embolism;

ORIF - open reduction—internal fixation procedures; RTSA - reverse total shoulder

arthroplasty; ORWF - open reduction without fixation; CRPP - closed reduction

percutaneous pinning; FWPO - fixation with plate osteosynthesis HA — hemiarthroplasty;

IMN - intramedullary nail; PSF - plate-screw fixation; PR- Protesis; CM - combination )

Author

Heyer,
J.H. et
al. [20]

Janssen
,S. ) et
al. [21]

Widme
r,B.J
et al.
[22]

Hoxie,
S.C. et
al.[23]

Yea

202

201

201

200

Place of
fractur
e

Proxima
1 part of
the

humerus

134
(45%)
proxima
1
fracture
S,

131
(44%)
shaft
fracture
S

30
(10%)
distal
fracture
S
Proxima
| part of
the
humerus

Proxima
1 part of
the

humerus

Amoun
t of
patient
S

92

295

50

137

PE

%

-

Treatment method

76 - ORIF,
8 - RTSA,
4- HA,

3 - CRPP,
1 - ORWF

Treatment: (treatment of
proximal fractures only):
Proximal lesions were treated by
IMN - 57,

PR - 46,

PSF - 30

CM-1

40 - FWPO

10 - HA

102 - ORIF
37-HA

Antithrombotic
prophylaxis
after surgery

None received
chemoprophylax
is

(5 patients were
taking 81 mg
aspirin before
the procedure)
No data
available

Two daily doses
of aspirin: (2x
Aspirin 325mg)
for 6 weeks

Pneumatic calf
compression
pumps
Thrombo-
Embolic
Deterrent (TED)
hose and
sequential
compression
devices
preoperatively
and
postoperatively.

None received
chemoprophylax
is




Discussion:

Due to the aging of the population, the frequency of fractures of the proximal end of the
humerus is increasing. This causes the need for an in-depth analysis of the occurrence of VTE
incidents, including DVT and PE, which are still one of the dominant causes of death. [22]
Due to the small number of reports dealing only with fractures of the proximal humerus, and
also on small groups of patients, the authors of this publication decided to analyze this
problem globally. As a result, it will be possible to make more accurate decisions during
hospitalization of patients with fractures of the humerus. [18, 21-23] Only one of the three
studies found no PE in any patient. However, the study was conducted on a small group of 50
patients. [22] The authors of the remaining analyzes had larger groups of patients and their
results may be binding. In all three studies, the proportion of patients diagnosed with PE was
similar, ranging from 1.3 to 5.1%. [18,21,23] No PE deaths were reported in any of the
studies. Undoubtedly, an important role, apart from the risk factors that the patients were

burdened with, is played by the method of treatment and thromboprophylaxis.

In all four publications, the subgroups of patients treated with different treatments are not
proportional, which may affect the results of individual studies. Additionally, most of them
are retrospective studies. The role of thromboprophylaxis is recognized and widely used in the
immobilization and surgical treatment of the lower limb and pelvis. Its use reduces the
likelihood of thromboembolic events in these patients. [12-16] Antithrombotic prophylaxis is
associated not only with the reduction of thromboembolic events. It can cause other
difficulties, such as bleeding, especially during reoperation, and the formation of local

hematomas. [22]

From the point of view of healthcare professionals, it is important not to underestimate non-
specific and often subtle symptoms, such as cough, dyspnoea and chest pain, or a decrease in
saturation after an injury and surgery. Ignoring them may have fateful consequences for the

patient's life and health.

Conclusions:

Diagnostic and therapeutic protocols require continuous improvement in order to reduce the
number of underdiagnosed pulmonary embolisms and thus reduce patient mortality. The
incidence of pulmonary embolism following fractures of the proximal humerus is relatively
low. The incidence of pulmonary embolism following fractures of the proximal humerus is

relatively low. It seems appropriate to conduct extensive randomized controlled trials aimed at
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checking the occurrence of PE in patients undergoing various treatments, distinguishing

between the group of patients using and not using anticoagulant chemoprophylaxis.

References:

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

Huang W, Goldberg RJ, Anderson FA, Kiefe CI, Spencer FA. Secular trends in
occurrence of acute venous thromboembolism: The worcester VTE study (1985-2009).

Am J Med. 2014;127(9):829-839.e5. doi:10.1016/j.amjmed.2014.03.041

Alotaibi GS, Wu C, Senthilselvan A, McMurtry MS. Secular Trends in Incidence and
Mortality of Acute Venous Thromboembolism: The AB-VTE Population-Based Study.
Am J Med. 2016;129(8):879.e19-879.€25. doi:10.1016/j.amjmed.2016.01.041

Cohen AT, Katholing A, Rietbrock S, Bamber L, Martinez C. Epidemiology of first
and recurrent venous thromboembolism in patients with active cancer: A population-

based cohort study. Thromb Haemost. 2017;117(1):57-65. doi:10.1160/TH15-08-0686

Giordano NJ, Jansson PS, Young MN, Hagan KA, Kabrhel C. Epidemiology,
Pathophysiology, Stratification, and Natural History of Pulmonary Embolism. Tech
Vasc Interv Radiol. 2017;20(3):135-140. doi:10.1053/j.tvir.2017.07.002

Neass IA, Christiansen SC, Romundstad P, Cannegieter SC, Rosendaal FR,
Hammerstrem J. Incidence and mortality of venous thrombosis: A population-based

study. J Thromb Haemost. 2007;5(4):692-699. doi:10.1111/j.1538-7836.2007.02450.x

Silverstein MD, Heit JA, Mohr DN, Petterson TM, O’Fallon WM, Melton LJ. Trends
in the incidence of deep vein thrombosis and pulmonary embolism: A 25-year
population-based study. Arch Intern Med. 1998;158(6):585-593.
doi:10.1001/archinte.158.6.585

Piazza G, Goldhaber SZ. Acute pulmonary embolism - Part I: Epidemiology and
diagnosis. Circulation. 2006;114(2):28-32.
doi:10.1161/CIRCULATIONAHA.106.620872

Poli C, Raffin C, Dojcinovic D, Luescher I, Ayyoub M, Valmori D. Mhc class II/ESO
tetramer-based generation of in vitro primed anti-tumor T-helper lines for adoptive cell
therapy of cancer. Haematologica. 2013;98(2):316-322.
doi:10.3324/haematol.2012.071712

Cohen AT, Agnelli G, Anderson FA, et al. Ve nous thromboembolism(VTE)inEurope
The number of VTE events andassociated morbidity andmortality Meyer-Michel
Samama 12 ,MichaelSpannagl 13 forthe VTEImpact Assessment Group in Europe

393



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

( Blood Coagulation, Fibrinolysis and CellularHaemostasis. ThrombHaemost.

2007;98:756-764. doi:10.1160/THO7

Geske JB, Smith SB, Morgenthaler TI, Mankad S V. Care of patients with acute
pulmonary emboli: A clinical review with cardiovascular focus. Expert Rev Cardiovasc

Ther.2012;10(2):235-250. doi:10.1586/erc.11.179

Barco S, Woersching AL, Spyropoulos AC, Piovella F, Mahan CE. European Union-28:
An annualised cost-of-illness model for venous thromboembolism. Thromb Haemost.

2016;115(4):800-808. doi:10.1160/TH15-08-0670

Zahir U, Sterling RS, Pellegrini VD, Forte ML. Inpatient pulmonary embolism after
elective primary total hip and knee arthroplasty in the United States. J Bone Jt Surg -
Ser 4.2013;95(22):1-8. do0i:10.2106/JBJS.L.00466

Memtsoudis SG, Cozowicz C, Bekeris J, et al. Anaesthetic care of patients undergoing
primary hip and knee arthroplasty: consensus recommendations from the International
Consensus on Anaesthesia-Related Outcomes after Surgery group (ICAROS) based on
a systematic review and meta-analysis. Br J Anaesth. 2019;123(3):269-287.
doi:10.1016/j.bja.2019.05.042

Wu PK, Chen CF, Chung LH, Liu CL, Chen WM. Pulmonary embolism following
total knee arthroplasty in Taiwanese patients. J Chinese Med Assoc. 2014;77(3):155-
159. doi:10.1016/j.jcma.2013.11.005

Lin YC, Lee SH, Chen 1J, et al. Symptomatic pulmonary embolism following hip
fracture: A nationwide study. Thromb  Res. 2018;172(October):120-127.
doi:10.1016/j.thromres.2018.10.014

Kim YJ, Choi DH, Ahn S, Sohn CH, Seo DW, Kim WY. Timing of pulmonary
embolisms in femur fracture patients: Incidence and outcomes. J Trauma Acute Care

Surg. 2016;80(6):952-956. doi:10.1097/TA.0000000000001014

Kircher MF. Concomitant Traumatic Spinal Cord and Brachial. Published online

2011:2271-2277.

Heyer JH, Parker RL, Lynch T, Parry T, Neviaser AS. Rate of venous
thromboembolism after surgical treatment of proximal humerus fractures. Arch Orthop

Trauma Surg. 2021;141(3):403-409. doi:10.1007/s00402-020-03505-4

Igbal S, Jacobs U, Akhtar A, Macfarlane R., Waseem M. A History of Shoulder
Surgery. Open Orthop J. 2013;7(1):305-309. doi:10.2174/1874325001307010305

394



[20]

[21]

[22]

[23]

[24]

Heyer JH, Parker RL, Lynch T, Parry T, Neviaser AS. Rate of venous
thromboembolism after surgical treatment of proximal humerus fractures. Arch Orthop

Trauma Surg. 2020;(0123456789). doi:10.1007/s00402-020-03505-4

Janssen SJ, van Dijke M, Lozano-Calderon SA, et al. Complications after surgery for
metastatic  humeral lesions. J Shoulder EIb  Surg. 2016;25(2):207-215.
doi:10.1016/j.jse.2015.08.009

Widmer BJ, Bassora R, Warrender WJ, Abboud JA. Thromboembolic events are
uncommon after open treatment of proximal humerus fractures using aspirin and
compression devices. Clin  Orthop  Relat Res. 2011;469(12):3332-3336.
doi:10.1007/s11999-011-1942-7

Hoxie SC, Sperling JW, Cofield RH. Pulmonary embolism after operative treatment of
proximal humeral fractures. J Shoulder Elb Surg. 2007;16(6):782-783.
doi:10.1016/j.jse.2006.12.004

Kadhum M, Elniel AR, Furniss D. Is venous thromboembolism prophylaxis beneficial
in upper limb major joint replacement surgery? A systematic review. Shoulder Elb.

2021;13(2):119-130. doi:10.1177/1758573219896279

395



