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Abstract
Objective  The aim of this study was to analyze the clinical characteristics and treatment of children with 
Mycoplasma pneumoniae pneumonia (MPP) who also present with pulmonary embolism (PE).

Methods  This retrospective analysis examined the demographic data, clinical manifestations, laboratory tests, 
imaging characteristics, therapy, and prognosis of nine cases of children with Mycoplasma pneumoniae pneumonia 
(MPP) complicated by pulmonary embolism (PE). The study focused on patients admitted to the respiratory 
department of Tianjin Children’s Hospital between January 2018 and December 2021.

Results  The age range of the patients was 3 to 8 years old, with a median age of 7.5 years. The median number of 
days from pulmonary infection to the diagnosis of embolism was 14 days. All patients had refractory Mycoplasma 
pneumoniae pneumonia (RMPP). Among them, three patients reported chest pain, one of whom had hemoptysis, 
while five patients had dyspnea, and six patients experienced radiating pain at unusual sites. Five out of the 
nine children tested positive for lupus anticoagulant (LA), five for anticardiolipin antibody (ACA), three for anti-2-
glycoprotein antibody IgM, four for reduced protein S or protein C activity, and three for elevated coagulation factor 
VIII. Moreover, six out of the nine children tested positive for antinuclear antibodies. All the children underwent CT 
pulmonary angiograms, which revealed filling defects. After sequential low-molecular heparin anticoagulation with 
rivaroxaban, nine children in this study showed a good prognosis, with two of them receiving thrombolytic therapy 
for combined cardiac embolism. Follow-up at 0.5-9 months showed the gradual resolution of the emboli in all 9 
children, with no thrombotic recurrences and normalized autoantibodies and thrombophilia markers.

Conclusions  The majority of cases involving Mycoplasma pneumoniae pneumonia (MPP) combined with pulmonary 
embolism (PE) were diagnosed with refractory MPP (RMPP). However, PE did not always occur in the advanced stages 
of the disease. Most patients presented with transient autoantibody positivity, abnormal coagulation, and fibrinolytic 
balance. With timely treatment, the prognosis of MPP combined with PE is generally good. Additionally, rivaroxaban 
treatment has been shown to be safe and effective.
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Introduction
Pulmonary embolism (PE) is a group of diseases or clini-
cal syndromes caused by various types of emboli that 
block the pulmonary arteries and their branches. These 
emboli can be classified as thrombotic pulmonary embo-
lism, amniotic pulmonary embolism, fatty pulmonary 
embolism, air embolism, tumor embolism, and bacte-
rial embolism. The most common type of PE is throm-
botic pulmonary embolism. While pulmonary embolism 
is mostly reported in adults, cases of PE in children are 
rare. Previous literature suggests that the incidence of 
acute PE in hospitalized children ranges from 8.6 to 57 
per 100,000 [1, 2]. In community children, the incidence 
is estimated to be between 0.14 and 0.9 per 100,000 [3, 4]. 
Unfortunately, there is no accurate epidemiological data 
related to PE in children in China.

Mycoplasma pneumoniae (MP) is a common cause of 
community-acquired pneumonia (CAP) in children [5, 
6], accounting for 10-40% of CAP cases in hospitalized 
children. While MP infection is typically limited to the 
respiratory system and is self-limiting, it can also affect 
all organ systems. The clinical manifestations of MP 
infection, combined with Pulmonary Embolism (PE), are 
atypical and can easily be confused with the underlying 
disease. According to literature, 16% of children with PE 
do not exhibit typical symptoms [1], which often leads 
to delayed diagnosis. In this study, we retrospectively 
analyzed the general conditions, clinical manifestations, 
ancillary examinations, and treatment of 9 children with 
MPP combined with PE, and summarized the clinical 
characteristics related to MP in children, with the aim of 
improving the understanding, diagnosis, and treatment 
of PE related to MPP.

Methods
Study population
In the medical record system, we identified 16 confirmed 
cases of pulmonary embolism (PE) using discharge 
records and disease ICD codes, while 7 children with 
PE were excluded due to other diseases. Our research 
focused on a total of nine children with both PE and 
MPP. We analyzed their age, sex, disease duration, time 
of embolism, clinical manifestations, plasma D-dimer, 
fibrinogen (FIB), PLT count, C-reactive protein (CRP), 
interleukin-6 (IL-6), antiphospholipid antibody (aPL), 
antinuclear antibody (ANA), imaging findings, treatment 
plan, and regression. The study was approved by the Eth-
ics Committee of Tianjin Children’s Hospital, and all sub-
jects’ medical records were reviewed anonymously.

Diagnostic criteria
The diagnostic criteria for MPP were defined as follows 
[7]: (1) clinical manifestations of fever and cough; (2) 
chest imaging showing infiltrates; and (3) a serum anti-
MP IgM titer of 1:160 or a four-fold rise in titer in acute 
and convalescent serum specimens or PCR test MP-RNA 
positivity. The diagnosis of thrombotic diseases was con-
firmed through CT pulmonary angiography. Exclusion 
criteria included: (1) other causes of pulmonary embo-
lism, such as air embolism, PE due to congenital heart 
disease, central venous catheterization, nephrotic syn-
drome, surgery, tumor, and adolescent girls taking oral 
contraceptives; and (2) cases with insufficient clinical 
data.

Statistical analyses
For the descriptive analysis, count data were presented 
as the number of cases, while measurement data were 
reported as ranges.

Results
Baseline data
There were nine children diagnosed with RMPP, which 
is characterized by a high fever that does not subside or 
progressive changes on imaging despite conventional use 
of macrolide antibiotics for over 7 days, all of whom had 
both RMPP and PE. The group consisted of four males 
and five females, with ages ranging from 3 to 8 years and 
a median age of 7.5 years. The median number of days 
from onset of MPP to diagnosis of PE was 14 days. None 
of these children had a family history of thrombophilia or 
hereditary disease.

Clinical characteristics of patients
At the time of diagnosis of MPP, children mainly pre-
sented with cough and fever. Symptoms of embolisms 
appeared in six children after their fever had subsided 
and cough had improved. At the time of diagnosis of PE, 
chest pain occurred in three cases, hemoptysis in one 
case, dyspnea in five cases, shortness of breath in three 
cases, hypoxemia in three cases, neck pain in one case, 
shoulder pain in two cases, subxiphoid pain in one case, 
pain in the right rib quadrant in one case, and abdomi-
nal pain in one case. Two cases showed cyanosis of the 
lips. Due to massive pleural effusion, three cases had a 
positive trismus sign, and decreased breath sounds were 
present in all nine cases. None of the 9 children had 
symptoms of deep vein thrombosis such as swelling and 
pain in the lower extremities.
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Laboratory data
Two of our nine children had EBV co-infection, but none 
had bacterial co-infection. When PE was diagnosed, all 
9 children had elevated D-dimer, the median D-dimer 
was 6.3 (8.91) mg/L(reference value 0-0.3  mg/L), the 
median fibrinogen (FIB) was 5.288 (2.099) g/L(reference 
value 1.8-4.0  g/L), the median platelet (PLT) count was 
316 (108)×109 /L(reference value (100–300)×109 /L), 
the median C-reactive protein (CRP) was 122.5 (129.7) 
mg/L(reference value 0–8  mg/L), and the median inter-
leukin-6 (IL-6) level was 56.36 (95.66) ng/L(reference 
value 0–7 ng/L). All nine children underwent testing for 
thrombophilia-related indicators, including antiphos-
pholipid antibodies (aPL), protein C and protein S activ-
ity, antibodies to coagulation factors, and coagulation 
factor inhibitors. Five of them tested positive for lupus 

anticoagulant (LA), five were positive for anti-cardio-
lipin antibodies (ACA), three were positive for anti-
β2-glycoprotein antibodies IgM, six were positive for 
antinuclear antibodies(ANAs), four had decreased pro-
tein C activity or protein S activity, and three had signifi-
cantly elevated coagulation factor VIII.

Radiological examination
CT pulmonary angiography (CTPA) was performed 
on all nine children, revealing filling defects in the cor-
responding vessels indicative of embolism (as shown in 
Figs. 1 and 2). Of these cases, three were located in the 
right lung, three in the left lung, and three in both lungs, 
with two cases also presenting with cardiac embolism 
(as depicted in Fig. 2). In addition, all nine children were 
found to have pleural effusion.

Treatment
All nine children were treated with antibiotics, with one 
child receiving doxycycline and eight receiving azithro-
mycin. All children received corticosteroids due to exces-
sive inflammation. Three of the children underwent 
thoracentesis due to significant pleural effusion. Natri-
uretic heparin calcium (0.01 ml/Kg) was administered 
subcutaneously for anticoagulation in nine cases, oral 
sequential low-molecular heparin anticoagulation with 
rivaroxaban was given to nine cases, aspirin (5 mg/Kg/d) 
was used for antiplatelet therapy in six cases, and two 
cases received combined cardiac and vascular anticoagu-
lation. For thrombolysis in the acute phase, combination 
urokinase (4400U/Kg/h) was administered to two chil-
dren with simultaneous cardiac embolisms.

Outcomes
The outpatient clinic monitored 9 children for a maxi-
mum period of 9 months. At the 6-month follow-up, all 
of the children who had tested positive for aPL showed 
negative results, and protein S levels returned to nor-
mal. After three months, the ANA test results of 6 chil-
dren who had previously tested positive also became 
negative. After receiving therapy, all of the children were 
discharged. Follow-up lung imaging after 1 to 6 months 
showed a gradual reduction in filling defects, indicating 
gradual dissipation of the thrombus, and for 2 children 
who had concomitant heart thrombosis, the throm-
bus disappeared between 0.5 and 9 months. During the 
follow-up period, none of the children experienced any 
recurrence of thrombosis or post-thrombotic pulmonary 
hypertension.

Discussion
Accurate epidemiological data on pulmonary embolism 
(PE) in children is scarce in both the United States and 
abroad. The early incidence estimates of PE stem from 

Fig. 2  A: CTPA showed filling defects in the left pulmonary artery. B: Re-
peat imaging after anticoagulation shows disappearance of filling defect. 
C: CTPA showed filling defects in the right ventricle. D: Echocardiography 
showed mass-like echo in the right ventricle

 

Fig. 1  A: CTPA revealed consolidation with high density in the left lower 
lobe and filling defects in the left pulmonary artery. B: CTPA showed fill-
ing defects in the left pulmonary artery. C: Sagittal reconstruction of CTPA 
showed filling defects in the left pulmonary artery. D: CTPA 3D imaging 
showed a filling defect in the left inferior pulmonary artery
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autopsy studies and report an incidence of 0.05–4.2% 
[8–10]. Studies reported an incidence of 8.6 to 57 per 
100,000 in hospitalized children [1, 2], whereas the inci-
dence in all children in the community was estimated 
to be 0.14 to 0.9 per 100,000 [3, 4]. PE in children has 
a bimodal age of onset, with two peaks in the neonatal 
period and adolescence, particularly among those with 
underlying diseases or risk factors [4]. While rare in chil-
dren, PE can be life-threatening in severe cases, with a 
reported mortality rate of 26% [11].

In most cases, Mycoplasma pneumoniae (MP) infec-
tions are self-limiting. However, in severe cases, infec-
tion can lead to multiple systemic organ complications. 
Apart from respiratory manifestations, approximately 
25% of children with MPP also experience a combination 
of extrapulmonary symptoms [12]. Narita M has clas-
sified extrapulmonary manifestations due to M. pneu-
moniae infection into three categories [13]: the first is the 
direct type, in which locally induced cytokines likely play 
a role; the second is the indirect type, in which immune 
modulation, such as autoimmunity, is thought to play a 
role; and the third is the vascular occlusion type, in which 
vasculitis and/or thrombosis, with or without systemic 
hypercoagulable states, are believed to play a role.

The specific mechanism of thrombosis caused by MP 
infection remains unknown, but it may be related to 
endothelial cell injury, autoimmune response, and an 
imbalance of coagulation and anticoagulation. The cell 
membranes of MP contain immune substances such as 
glycolipids and glycoproteins that share antigens with 
human tissues and can stimulate the production of auto-
antibodies. Studies have shown that antiphospholipid 
antibodies (aPL) and antinuclear antibodies (ANAs) pro-
duced by autoimmune reactions caused by MP infection 
play an important role in thrombosis [14, 15]. Examples 
of antiphospholipid antibodies include antiphospho-
lipid antibodies (ACA), lupus anticoagulant (LA), and 
anti-2-glycoprotein antibodies. In Liu’s study of 43 chil-
dren with MPP and embolism, positive rates for LA were 
42.1%, 60% for ACA, 64% for anti-2-glycoprotein anti-
bodies, and 50% for ANAs [16]. In our study, five of nine 
tested positive for LA, five were positive for ACA, three 
were positive for anti-β2-glycoprotein antibodies IgM, 
and six were positive for ANAs. Late follow-up revealed 
that all antibodies were negative, indicating a potential 
role for the temporary autoimmune disease brought on 
by MP infection in the etiology of thrombosis. Moreover, 
hepatocyte damage caused by MP infection, hypoxia, and 
immune injury can increase endogenous coagulation fac-
tor synthesis [17], while the second synthesis of critical 
anticoagulation factors such as antithrombin III (AT-III), 
protein C, and protein S is reduced [18]. Cases of elevated 
coagulation factors and abnormal anticoagulation pro-
teins have also been reported in MP infection combined 

with embolism [19–23]. In the current study, three cases 
had elevated coagulation factor VIII, promoting the 
body’s hypercoagulable state; three cases had abnormal 
protein C or protein S activity, preventing the body from 
performing anticoagulation normally. However, protein 
C, protein S, and coagulation factor VIII returned to nor-
mal during follow-up, indicating a transient imbalance 
of the coagulation and anticoagulation system caused by 
MP infection, leading to embolism.

Children who develop pulmonary embolism (PE) may 
exhibit fewer clinical symptoms than adults and may not 
display the classic triad of chest pain, hemoptysis, and 
dyspnea. Unfortunately, diagnosis in children is often 
delayed, with some studies indicating an average of 7 days 
from the onset of symptoms to diagnosis [24]. Our study 
found that PE typically occurred around 2 weeks into the 
primary illness, and embolic symptoms only emerged 
in 6 children after their temperature had stabilized and 
cough had subsided. Furthermore, the time of diagnosis 
PE did not always coincide with the acute phase of the 
disease. Early-stage atypical symptoms of PE may be dif-
ficult to distinguish from those of primary pulmonary 
disease, and young children may not be able to accurately 
report their symptoms. Underlying conditions, such as 
pneumonia or heart failure exacerbation, can also mask 
symptoms of PE. As a result, children with abnormal lab-
oratory indicators should be closely monitored for new 
symptoms, worsening of existing symptoms, or radiating 
pain at unusual sites, which may indicate the presence of 
PE.

D-dimer has been proposed as an independent pre-
dictor of embolic risk with high sensitivity [25], and a 
normal level can exclude the possibility of pulmonary 
embolism [26]. However, D-dimer has low sensitiv-
ity and specificity for the diagnosis of PE in children 
[27]. Although the combination of the Wells score and 
D-dimer is commonly used to predict PE in adults, and 
the absence of both factors can rule out PE [28–30], this 
approach has not been found to be effective in children 
[28, 29]. Fibrinogen (FIB) can cause increased blood 
viscosity, which typically occurs 6–15 days after Myco-
plasma pneumoniae (MP) infection [13]. This corre-
sponds to the time to embolism in children with MPP in 
a national study [31]. In our study, all nine children had 
varying degrees of elevated D-dimer values, and seven 
had elevated fibrinogen (FIB), with a median time to 
embolism of approximately 2 weeks from the diagnosis 
of the MPP. This is consistent with the hypercoagulable 
state caused by FIB and the time to peak D-dimer levels 
in the body. Moreover, platelet (PLT) adhesion and aggre-
gation are major mechanisms of PE, and the activation of 
PLT by the body’s anti-inflammatory mechanism during 
MP infection, as well as the elevated PLT count in seven 
cases in our study, is consistent with the results reported 
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by Li et al [32], which suggest that excessive PLT activa-
tion may also be a risk factor for PE. Interleukin-6 (IL-
6) and C-reactive protein (CRP) are nonspecific markers 
of inflammation and tissue damage. Studies have shown 
that high levels of IL-6 and CRP can promote PE [33, 34]. 
In our study, IL-6 and CRP levels were elevated in all chil-
dren, respectively. Although elevated levels of IL-6 and 
CRP can also be caused by various infectious diseases, 
our study suggests that PE should also be considered in 
children with these markers.

All nine children in our study were diagnosed with 
pulmonary embolism (PE) using computed tomography 
pulmonary angiography (CTPA), a highly sensitive and 
specific technique that is currently the most common 
test for confirming the diagnosis of PE [35]. Because of 
the small size of the emboli and the atypical clinical 
symptoms in children, embolic signs have sometimes 
only been detected upon a second review of imaging 
findings in previous studies [21, 36]. Therefore, particular 
attention should be paid to the presence of PE during the 
imaging review of children with MPP who present with 
symptoms or abnormal laboratory indicators. The pres-
ence of thrombus should be given high priority when 
evaluating imaging results in such children. In an analysis 
of 18 children with MPP, solid lung changes (> 2/3 of all 
lobes) and pleural effusion were identified as indepen-
dent risk factors for embolism [37]. Notably, all of the 
children in our study had pleural effusion and pulmonary 
atelectasis.

There are currently no specific management recom-
mendations for pediatric thromboembolism, and treat-
ment protocols are mainly based on clinical experience 
and evidence-based research in adult patients. Anti-
coagulation is the primary therapy for children with 
hemodynamically stable pulmonary embolism (PE), 
and fast-acting anticoagulants like unfractionated hepa-
rin (UFH) and low molecular weight heparin (LMWH) 
are recommended as initial treatment [38]. After ini-
tial parenteral anticoagulation (UFH, LMWH, etc.), oral 
anticoagulants such as warfarin should be added. Dur-
ing warfarin therapy, the international normalized ratio 
(INR) should be monitored, and an INR maintained at 
2–3 is recommended. It is generally advised that warfarin 
be used concurrently with UFH or LMWH for more than 
5 days and that the INR be maintained at 2–3 for at least 
2 days before discontinuing the medication. However, 
due to their high dietary impact, difficulty in laboratory 
monitoring, and teratogenicity, vitamin K antagonists 
have limited use in children [38]. Direct oral anticoagu-
lants (DOACs) such as dabigatran, argatroban, bivaliru-
din, rivaroxaban, apixaban, and edoxaban, which have 
stronger anticoagulant activity and lower bleeding risk, 
have recently emerged as new options for antithrom-
botic therapy [39]. Studies have shown that rivaroxaban 

treatment reduces the risk of recurrence and lessens the 
burden of thrombosis without increasing bleeding when 
compared to standard anticoagulants [40]. Clinical tri-
als on rivaroxaban in children (EINSTEIN Jr children I 
through III) have all been completed. When compared to 
the conventional anticoagulant warfarin, rivaroxaban has 
a lower economic burden, is easier to administer, has a 
faster onset of action, and requires no monitoring [41]. 
In this study, sequential treatment with rivaroxaban and 
LMWH was used to treat all nine children with throm-
bosis. During the follow-up period, there were no side 
effects such as bleeding or liver or kidney damage, and 
late follow-up revealed gradual thrombus absorption.

Rapid thrombus dissolution and increased survival are 
two benefits of thrombolytic treatment. For adult patients 
with hemodynamic instability who do not have any evi-
dent contraindications, European guidelines recom-
mend thrombolytic therapy as the first line of treatment 
[42]. However, there are no established treatment guide-
lines for pharmacologic thrombolysis in children, hence 
it is only used in cases of severe thrombosis that causes 
hemodynamic instability or acute organ insufficiency. 
Systemic thrombolysis can be used for high-risk PE in 
children if the healthcare provider is skilled in thrombol-
ysis and there is evidence that it lowers the risk of death 
and recurring PE in adults with high-risk PE [43]. Sys-
temic thrombolysis is not recommended for adults with 
intermediate-risk PE due to the increased risk of major 
bleeding [44]. In contrast, the use of catheter-directed 
thrombolysis (CDT) in children with intermediate-risk 
PE has been shown to have a better outcome [45–47], 
reduce the dose of thrombolytic agents, decrease bleed-
ing-related complications, and may be the first choice 
[48]. In contrast, Urokinase and recombinant tissue-type 
fibrinolytic plasminogen activator (rt-PA) are the two 
most commonly used thrombolytic medications at pres-
ent. The majority of indications, routes of administration, 
dosages, and durations of thrombolysis in children are 
still based on the knowledge gained from adult therapy 
guidelines. In the present study, urokinase thrombolysis 
was used for two children with mixed cardiac embolism 
without any thrombolysis contraindications in order to 
prevent a large PE caused by multiple thrombi and a large 
thrombus activity. After thrombolysis, their condition 
considerably improved.

Children with pulmonary embolism (PE) are at an 
increased risk of requiring surgical embolectomy. Cur-
rent European guidelines recommend that surgical 
embolectomy be reserved for hemodynamically unstable 
patients who have failed thrombolysis or have contra-
indications to thrombolysis [42]. However, a growing 
body of literature supports surgical removal of emboli 
in submassive pulmonary embolism, which has been 
shown to reduce the mortality rate to 1.1% in high and 
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intermediate-risk cases [49]. Previous reports have 
shown that children with moderate pulmonary hyperten-
sion who underwent surgical embolectomy did not expe-
rience complications during postoperative follow-up [12, 
13, 33]. For children with acute PE and contraindications 
to anticoagulation, the placement of an inferior vena cava 
filter may be considered, but the available literature on 
this topic in children is limited, and further research is 
needed for confirmation.

Conclusion
The majority of children with RMPP and PE do not have 
a family history of thrombotic disease or coagulation 
problems, and the timing of the embolism may not cor-
respond to the disease’s most severe stage. Children with 
RMPP, elevated D-dimer, positive aPL, and a significant 
inflammatory response should be monitored for the 
development of embolism. Anticoagulation with succes-
sive low-molecular heparin treatment and rivaroxaban 
may be considered.
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