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Background

The diagnosis of PE is commonly established with com-
puted tomography pulmonary angiography (CTPA) and
its use along with the PE incidence has increased substan-
tially in the 21st century [1, 2]. Several explanations for the
increased PE incidence has been proposed such as higher
prevalence of risk factors including cancer, long haul air
travel, obesity and diabetes [3]. However, the high ability of
CTPA to also detect smaller subsegmental PEs has indicated
potential overdiagnosis of PE [1]. Unfortunately, exact data
on CTPA use has not been previously reported with the PE
incidence.

The aim of this study was to compare PE incidence trend
from the hospital district of Helsinki and Uusimaa (HUS
district) during 2011-2017 with the exact data on the use of
CTPA examinations and D-Dimer tests.

Methods

The HUS district is the biggest hospital district in Finland
organizing specialized health care including laboratory and
imaging services for approximately 1.7 million inhabitants.
The healthcare system in Finland is universal with excel-
lent coverage and a full electronic patient record system has
been used the whole 21st century. Noteworthy in HUS dis-
trict the PE diagnoses are almost entirely made in public
hospitals with uniform electronic patient record system and
compilation of hospital discharge data.
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The yearly incidence data of PE was collected from the
Care Register for Health Care [4]. This database collects
social security code- linked information of both inpatient
and outpatient use of health services. Up to four different
diagnoses for each discharge can be listedand the number of
patients with International Classification of Diseases (ICD)
code 126.0 or 126.9 among their discharge diagnoses were
identified in age quartiles. The data was collected between
2011 and 2017.

The quantity of annual CTPA examination and D-dimer
tests (other than point of Care (POC) tests) were available
from the HUS Diagnostic Center responsible for imaging
and laboratory services for the whole population in HUS
district. The different CT examinations and laboratory tests
can be identified with unique code and exact quantities on
CTPA examinations and D-dimer tests performed and ana-
lyzed annually were collected.

The PE incidence and the quantities of CTPA examina-
tions and D-dimer tests are presented in proportions per 100
000 inhabitants and the population in HUS district at the end
of each year was used as denominator. The PE incidence is
also presented per age quartiles.

The association between PE incidence and quantities of
CTPA examinations as well as the quantities of D-dimer
tests and CTPA examinations were evaluated with the linear
regression.

Results

In total, 10 559 subjects with PE among their discharge diag-
noses were identified during the study period with an aver-
age annual PE incidence of 94/100 000 population (Table 1).
At the same time 24 276 and 218 163 CTPA examinations
and D-Dimer test were registered, respectively. The associa-
tion between PE incidence and CTPA examinations was not
statistically significant (p=0.9).

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11239-022-02698-2&domain=pdf&date_stamp=2022-9-16

580 M. Sane

Table 1 The number of identified PE cases and number of individuals in age quartiles. Pulmonary embolism incidence in age quartiles in HUS
district 2011-2017

Year Pulmonary embolism Incidence per 100 000 inhabitants
Individuals 0-24 years Individuals 25-49 years  Individuals 50-74 years Individuals 75- years Total population
(PE cases/ population) (PE cases/ population) (PE cases/ population) (PE cases/ population)
2011 7.0 46 171 446 94
(32/454,023) (262/563,744) (746/434,933) (411/92,154) (1451/1,544,854)
2012 9.2 41 169 408 90
(42/457,522) (233/567,427) (748/442,799) (387/94,881) (1410/1,562,629)
2013 7.0 47 185 494 103
(32/459,940) (270/572,070) (834/450,992) (486/98,291) (1622/1,581,293)
2014 6.7 43 178 464 98
(31/462,058) (248/576,540) (815/458,784) (473/101,834) (1567/1,599,216)
2015 5.8 43 180 395 95
(27/463,041) (253/581,728) (839/467,079) (412/104,268) (1531/1,616,116)
2016 4.1 48 191 380 99
(19/464,340) (282/587,821) (904/472,032) (418/109,910) (1623/1,634,103)
2017 4.1 38 161 295 82
(19/464,569) (229/594,327) (776/480,446) (331/112,148) (1355/1,651,490)
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Fig. 1 Annual PE incidence and the use of CTPA examinations per 100 000 population and D-dimer tests in HUS district

The estimated yield of CTPA examinations decreased
from 50% (1369/2754) to 31.5% (1400/ 4439) during the
follow-up period.

The number of CTPA examinations per 100 000 inhabit-
ants increased 50.8% from (177.8) in 2011 to (268.2) 2017
whereas the use of D-dimer tests analyzed in laboratory

decreased 10% from 1999.5 to 1847.9, respectively. The
association was not statistically significant (p=0.07).
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Discussion

This study showed that in HUS district with a population of
approximately 1.7 million the PE incidence has plateaued
since 2011 although at the same time the use of CTPA has
increased 50%. The average annual PE incidence in HUS
district was in line with the recent results from Germany
from 2015 [2].

Previously it has been thought that the more CTPA exam-
inations are performed the more clinically insignificant PEs
can be found leading to increased PE incidence [1]. This
has indicated potential overdiagnosis of PE [5] and aroused
debate of'its existence [6, 7]. This data provides exact quanti-
ties of CTPA use along with the PE incidence and significant
association with the PE incidence and CTPA use was not
seen (p=0.9). The increased use of CTPA may be explained
by the change of the paradigm in PE diagnosis which has
shifted from diagnosing PE from high risk patients to the
exclusion of PE in low risk patients [1]. Although this may
not lead to overdiagnosis of PE it has several downsides
such as predisposing patients to unnecessary radiation and
costs to healthcare [1].

The observation that D-Dimer tests analyzed in the labo-
ratory decreased nearly 10% is interesting and may also be
associated with the increased use of CTPA examinations.
The low specificity of D-dimer test is an acknowledged chal-
lenge but several solutions have recently been introduced to
enhance the diagnostic yield of CTPA examinations with-
out causing risk for missing PEs [1]. Unfortunately the data
has shown that adherence to guidelines has been poor caus-
ing as low as 1% diagnostic yields for PE when data from
single center has been analyzed [8]. To note, this study was
unable to evaluate the proportion of PE diagnosis made with
other modalities such as ventilation perfusion scintigraphy
or other CT examinations but the estimated yield in HUS
district decreased from 50 to 30% during the study period,
which is slightly higher than in large multicenter study of
15 Emergency departments from Australasian where CTPA
yield for PE was on average 15% [9]. This study was unable
to evaluate the adherence to guidelines by investigating
the proportion of CTPA examinations without preced-
ing D-dimer test for subjects with low or moderate pretest
probability for PE. However the possible association with
D-dimer testing and CTPA examinations highlights that the
use of these two important means in PE diagnosis should
be closely monitored in centers where PE diagnostics are
performed.

The limitations of registry based study such as miscod-
ing, under coverage and possibility of duplicate cases should
be considered when the results of this study is interpreted.
However certain aspects in the Finnish health care system,

the registry used and the study aim ensures that the results
can be considered reliable.

Firstly, as the study analyzed PE incidence and most
common diagnostic tools used in PE diagnosis from a single
region with universal health care and uniform electronic
patient record systems which were unchanged during the
study period the impact of miscoding can be considered low.

In addition the possibility of listing up to four discharge
diagnoses for certain hospital admission also decreases the
risk of under coverage of PE diagnoses but as the data was
social security code linked the chance of duplicate cases can
also be avoided. The Care Register for Health Care also has
a long history and it is one of the oldest individual level
registry covering the whole country in the world [10]. Its
performance has been analyzed in recent systematic review
which found that more than 95% of the discharges could
be identified from the registry and the positive predictive
value for common diagnosis was 75-99%,- unfortunately
the positive predictive value of PE diagnosis was not evalu-
ated [10].

The PE diagnosis can be generally only made in hospitals
equipped with CT scanners. The structure of the healthcare
in Finland ensures that almost in all cases the diagnosis has
been made in public hospital and as the imaging services in
HUS district are provided only by HUS Diagnostic Center
the exact data on the quantities of CTPAs performed can be
acquired. Finally, the study period was relatively short and
as the aim of the study was mainly analyze the relationship
of PE incidence and CTPA use it is likely that the possible
limitations related to registry studies does influence impact
less on this aspect.

Noteworthy, the data of D-dimer use did not include the
POC D-dimer tests and possibly these have replaced the
use of D-dimer tests analyzed in laboratories. Therefore the
speculation on the association with decreasing D-dimer test-
ing to CTPA use may be incorrect. However as the D-dimer
is the main laboratory test used in PE exclusion the data was
presented in connection with PE incidence and CTPA use.

This study showed that PE incidence plateaued in HUS
district with a 1.7 million population during 2011 and 2017.
This has occurred despite the CTPA use has increased mark-
edly which is in conflict with the presented PE -overdiagno-
sis hypotheses. However, it is concerning that the yield of
CTPA examinations has decreased 40% during the follow
up period which highlights the importance of utilizing the
diagnostic algorithms in PE diagnosis [1].

Funding This work was supported by a research grant from the Aarne
Koskelo Foundation to M.S. Open Access funding provided by Uni-
versity of Helsinki including Helsinki University Central Hospital.

Declarations

@ Springer



582

M. Sane

Conflict of interest The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, 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 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. Righini M, Robert-Ebadi H (2018) Diagnosis of acute Pulmonary
Embolism. Hamostaseologie 38(1):11-21

2. Keller K, Hobohm L, Ebner M, Kresoja KP, Miinzel T, Konstan-
tinides SV, Lankeit M (2020) Trends in thrombolytic treatment
and outcomes of acute pulmonary embolism in Germany. Eur
Heart J. 21;41(4):522-529

3. Scheres LJJ, Lijfering WM, Cannegieter SC (2018) Current and
future burden of venous thrombosis: Not simply predictable. Res
Pract Thromb Haemost 17(2):199-208

@ Springer

4.  Care register for health care :Care Register for Health Care - THL

5. Wiener RS, Schwartz LM, Woloshin S (2011) Time trends in pul-
monary embolism in the United States: evidence of overdiagno-
sis. Arch Intern Med 9(9):831-837

6. Tan S, Haramati LB (2018) Are We Overdiagnosing Pulmonary
Embolism? Yes!: Paradigm Shift in Pulmonary Embolism. J Tho-
rac Imaging 33(6):346-347

7. Remy-Jardin M (2018) Are We Overdiagnosing Pulmonary
Embolism? “No”. J Thorac Imaging 33(6):348-349

8. Dhakal P, Iftikhar MH, Wang L, Atti V, Panthi S, Ling X, Mujer
MTP, Dawani O, Rai MP, Tatineni S, Shrotriya S, Rayamajhi S
(2019) Overutilisation of imaging studies for diagnosis of pulmo-
nary embolism: are we following the guidelines? Postgrad Med J
95(1126):420-424

9. Mountain D, Keijzers G, Chu K, Joseph A, Read C, Blecher G,
Furyk J, Bharat C, Velusamy K, Munro A, Baker K, Kinnear
F, Mukherjee A, Watkins G, Buntine P, Livesay G, Fatovich D
(2016) RESPECT-ED: Rates of Pulmonary Emboli (PE) and Sub-
Segmental PE with Modern Computed Tomographic Pulmonary
Angiograms in Emergency Departments: A Multi-Center Obser-
vational Study Finds Significant Yield Variation, Uncorrelated
with Use or Small PE Rates. PLoS One 5(12):¢0166483

10. Sund R (2012) Quality of the Finnish Hospital Discharge Regis-
ter: a systematic review. Scand J Public Health 40(6):505-515

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	﻿Utilization of D-dimer assay, CT angiography, and the incidence of pulmonary embolism in the hospital district of Helsinki and Uusimaa (2011–2017)
	﻿Background
	﻿Methods
	﻿Results
	﻿Discussion
	﻿References


