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Abstract
Background: To summarize characteristics of hemoptysis in children associated with pulmonary vascular
malformations, and to identify the pathological mechanism, potentially. Methods: Children were recruited
who were diagnosed with hemoptysis for pulmonary vascular malformations without congenital heart
disease (CHD). The demographics, history, clinical characteristics, laboratory findings, pathogens testing,
imaging outcomes and prognosis were systemically reported. The nonparametric Mann-Whitney U test
using SPSS 24.0 was employed to compare the continuous laboratory variables, and Fisher’s exact test
was applied for data enumeration. A P-value of <0.05 was considered statistically significant. Results: In
sum, 27 children were enrolled in this retrospective study with a medium age of 9.1 years old, among
whom 9.1% were in preschool-group, 72.7% in school-group, and 18.2% in adolescent-group. Different
hemoptysis degrees were observed from individuals, and the moderate and severe conditions were
commonly in elder children. Meanwhile some antecedent symptoms were recorded, mainly cough and
fever before hemoptysis occurrence. Pathogens testing indicated proofs for infection of MP in 68.2%
patients, and 37.5% were further identified with MP-DNA-PCR. Images revealed interstitial changes in most
hemoptysis cases, especially in the inferior lobe of right lung for cases with MP infection, and
endovascular contrast detected 24 patients with abnormal bronchial arteries (BAs) causing bronchial
artery-pulmonary artery fistula and 3 patients suffered from pulmonary arteriovenous fistula (PAVF). After
the transcatheter plug closure, a recurrent hemoptysis occurred in 8 patients suffered from an infection of
MP initially, and the OR of clinical worsening in Group 1 where cases were considered with an infection of
MP, was 2:1. Conclusions: Pulmonary vascular malformations can be commonly detected in elder
children. An infection of MP possibly acts as a potential trigger inducing the rupture of affected vessels,
which could take a higher risk of clinical worsening.

Background
Hemoptysis is defined as the expectoration of blood from the lower respiratory tract. As reported, the
respiratory infection is the commonest cause in pediatric hemoptysis, almost self-limited [1-2]. For a
massive blood loss, however, it could be a life-threatening condition requiring approaches for a
stabilization of airways. Those approaches included a clear cause, an identification of bleeding sites and
a controlling the continuous hemorrhage, otherwise leading to the acute respiratory distress [3]. Pulmonary
vascular malformation is illustrated as a cryptogenic cause, accounting for 6%~40%, which leads to a
massive hemoptysis [4-7]. The vascular malformation mainly includes abnormal BAs, PAVFs and collateral
arteries in recent studies, and it should be distinguished from other etiologies, such as bronchiectasis,
pulmonary tuberculosis and idiopathic pulmonary hemosiderosis (IPH). There exists an unclear
pathological mechanism in pediatric hemoptysis with aberrant vessels, while a remodeling of arteries and
a compromised pulmonary ventilation could be observed then [8-9]. Recently, it is considered that a poor
ventilation, hypoxia and an increased blood perfusion could accelerate the process of vascular anomaly
where a respiratory infection could act as an important factor [10-11]. Previous studies have stated rare
proofs about pathogens in hemoptysis, especially associated with pulmonary vascular malformations.
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Consequently, this study was conducted in order to describe characteristics of hemoptysis resulted from
different types of pulmonary vascular malformations in children for an early diagnosis and treatment, in
addition to potential factors leading to clinical worsening, including recurrence and death. At the same
time, a possible pathological mechanism should be probed into.

Methods
From a technology import to Jan. 2018 in our center, all patients complained of hemoptysis were
recorded, and only those who were diagnosed with pulmonary vascular malformations (aberrant BAs,
PAVFs and collateral arteries) could be recruited eventually. These patients were with a medium age of 9.1
years old (ranging from 4.2 to 16.0 years old). The diagnosis of hemoptysis in children was carried out
according to the standard published in China in 2014. The male to female ratio of vascular
malformations in angiographic graphs was about 1:2. According to the patients’ age, each patient was
classified into pre-school age group (<6 years), school age group (6~12 years) or adolescents group
(12~18years). And those patients who displayed any of the following characteristics were excluded from
this study: 1) associated with CHD; 2) any evidence indicating other causes of hemoptysis, such as
bronchiectasis, tuberculosis infection, IPH, etc.; 3) with unclear etiology. As mentioned [12], we have
followed a standard assessing hemoptysis severity as mild, moderate and severe according to the blood
loss per 24 hours. And in order to lessen the bias caused by body weight, 3 specific body weight
categories of blood loss per 24 hours per mean body weight (MBW) were specified in our observation. The
cause was determined with a combination of thorough history, laboratory tests, anamnestic details and
non-invasive chest images, and invasive procedures were conducted when available. Some clinical
symptoms associated with hemoptysis occurrence in respiratory (fever, cough), gastrointestinal (nausea,
vomiting and abdominal pain) and circulatory systems (palpitation, fatigue, anhelation and pale) were
observed. The time interval between the antecedent manifestations and hemoptysis event has been
computed.
In consideration of infectious causes, an imperative workup was composed of tests for bacteria. Particleassay was conducted for specific antibodies for MP, with a proof of recent infection of MP during a
higher titer (≥ 1:160). MP-DNA-PCR in respiratory secretions has the advantages of high accuracy,
sensitivity and specificity, which dynamically changed with the course of the disease, and pulmonary
function test (PFT) was performed to evaluate the condition of pulmonary ventilation. Chest image,
including chest X-ray and computed tomography (CT), play an important role in identifying pulmonary
disorders and infiltrative changes. In addition, endovascular contrast differentiated pulmonary solid
masses with vascular malformations and bronchoscopy excludes the possibility of foreign body in the
trachea and a rough view of bleeding site. Finally, digital subtraction angiography (DSA) was carried out
as the golden criteria, including aorto-arteriography, pulmonary arteriography and a selective trace of the
originations of target vessels [13-15]. Laboratory outcomes, pulmonary ventilation, diagnostic fields, and
count of abnormal arteries were compared between the MP group (Group 1) and the non-MP group (Group

2). A standard pharmacotherapy for hemoptysis has been undertaken in each case, and once a specific
diagnosis of vascular malformations, transcatheter plug occlusion is instantly recommended with a micro
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vascular plug [16-17]. Surgical management, such as ligation of vessels or lung resection, is as alternative
choice once interventional one failed to control hemorrhage. And the objectives of the ongoing prognosis
were followed up regularly, observing and recording the postoperative symptomatic hemoptysis and
angiographic outcomes. Additionally, all procedures above could be conducted for these participants with
a consent from parents.
All continuous outcome data were expressed as mean± standard difference (SD). The nonparametric
Mann-Whitney U test was used to compare the continuous laboratory variables between the groups (SPSS
24.0). Fisher’s exact test was applied for data enumeration. A P-value of <0.05 was considered to be
statistical significant. The odds ratio (OR) of clinical worsening, including recurrence and death, was
calculated to evaluate the potential factors.

Results
In sum, twenty-seven patients were registered for hemoptysis with pulmonary vascular malformations
where 88.9% of patients were with abnormal BAs and 11.1% were with PAVFs. The age distribution was
recorded as 2 patients were in preschool-group, and 20 patients were in school-group in addition to 5
patients in adolescent-group. Meanwhile, it also demonstrated that the distribution of hemoptysis degree
affected by age that almost all the moderate and severe conditions were observed in elder children,
including 76.2% in school-group and 23.8% in adolescent-group. Additionally, findings indicated that
hemoptysis was with a presence of moderate to massive condition when related to abnormal BAs, mostly.
When associated with PAVFs, however, symptomatic hemoptysis was unobvious with little blood in
sputum or vomitus. At the initial point of hemoptysis, associated with which the common symptoms with
the highest frequency were cough (74.1%), fever (29.6%), abdominal pain (14.8%), vomit (7.4%) and
circulation manifestations (22.2%). And the mean interval duration between the antecedent symptoms
and hemoptysis was calculated as 3.9±3.0 days. In these series, pathogen test revealed no specific
bacteria except for MP. Serum level of MP-Ab were tested in 18 individuals showing a positive rate of
83.3%. And it indicated a level of ≥ 1:320 titers in 12 children and a level of ≥ 1:160 titers in 3 children
where these 15 children were diagnosed with a current MP infection according to the diagnostic criteria
and rolled in Group1, eventually. Furthermore, MP-DNA-PCR identified 37.5% patients were detected as a
high copy in Group 1. The other 12 patients without proofs for MP infection were defined as Group 2. The
demographic characteristics between groups were recorded in Table 1. It showed there existed no obvious
difference in distribution of age (P=.439) and gender (P=.420). However, in terms of hemoptysis degree,
we found that most severe conditions of massive hemoptysis existed in patients suffered from MP
infection at that point, showing a statistical significance (P=.008). Blood routine examinations were
conducted in each individual, presenting similar outcomes between groups in WBC count (P=.733), in
neutrophil accounting (P=.107), and in hemoglobin level (P=.884). Meanwhile, we found that five
episodes, about 62.5%, were observed an abnormal FVC or V25-V75. And it showed three patients from
Group 1 with a significant decrease of pulmonary ventilation function, who manifested a massive
hemoptysis.
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Graphic findings indicated diagnostic yields. As to CT, this procedure helped a 30% higher detectable rate
of pulmonary lesions than initial radiographs. Currently, a sum of 25 children were detected with
diagnostic fields where most of locations were presented in the right lung, especially in Group 1 (P=.006).
All patients in patients with MP infection were detected with definitive lesions, including glassy
degeneration (20.0%), flocculent shadows (20.0%), inflammatory infiltration (20.0%), pulmonary
atelectasis (13.3%), consolidation (13.3%), diffuse patchy shadow (6.7%) and bronchial arterial
enlargement (6.7%). Furthermore, the distribution of lesions was focused on the right inferior lobe. Totally,
41 detectable anomalous BAs were found in 24 children, and single or multiple PAVFs were detected in 3
children by angiography. As golden criteria of pulmonary vascular malformations, it hinted smoking
phenomenon locating at the sites of vascular ruptures and bleeding. About 50% of patients had more
than two abnormal bronchial vessels corresponding to each other. These abnormal arteries were shown to
originate from different sites of systemic circulation, which connected and jointly delivered systemic-topulmonary blood perfusion. Twenty-six, about 63.4%, tortuous or hypertrophy arteries were from T5-T6
level of thoracic aorta, along the bronchial tree entering the pulmonary fields. Eight BAs (19.5%) were from
descending aorta beyond T5-T6 level, and two BAs (4.9%) were involved in the aortic arch, four BAs (9.8%)
were the branches of subclavian arteries in four independent cases. One abnormal artery was considered
from the hepatic aorta. As to patients with MP infection in Group1, 14 patients were with abnormal BAs,
as shown in Fig.1. Meanwhile, the counts of abnormal arteries were different with or without MP infection
(P=.026).
Twenty-three patients were treated transcatheter plug occlusion, including 20 patients with abnormal BAs
and 3 patients with PAVFs. In Group 1, 14 patients received interventional therapy and one patient
received the lung resection for an aberrant artery originating from the hepatic artery. In Group 2, two
patients chose traditional medicine (antibiotics and hemostatic drugs) for a mild hemoptysis and one
patient underwent a ligation of the abnormal BA from right subclavian artery using a thoracoscopic
guidance. The others were undertaken a treatment of transcatheter plug occlusion. After the transcatheter
plug occlusion, findings showed an obvious reduction of contrast medium shunts according to an instant
angiogram, indicating an effective procedure, while there existed 14 recurrence episodes in 8 patients with
abnormal BAs in Group1 (P=.002). Additionally, all of cases with recurrent hemoptysis were categorized
as a massive hemoptysis, with a titer of MP-Ab≥1:320 in serum, primarily. Furthermore, a lasting high
level of MP-Ab was observed in a recurrent state, and details of recurrent cases were shown in Table 2.
One patient received the lung resection died after surgery for one week. The OR of clinical worsening in
patients with MP infection was about 2:1. Moreover, the even-free survival rate of patients was portrayed
in Fig.2.

Discussion
Hemoptysis is a significant clinical entity seen in pediatric patients [1,19]. It is proved that hemorrhage
caused by pulmonary vascular malformations mostly occurs due to the rupture of distal anastomoses.
And bronchial circulation possesses a remarkable capacity for remodeling, presenting as angiogenic and
enlargement factor, thus leading to BPFs. Additionally, infection is considered as a common cause of
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enlargement of bronchial circulation, successively increasing the blood flow, thus increasing the risk in a
rupture of aberrant vessels. Currently, our study proved that hemoptysis caused by vascular
malformations were perhaps highly correlated with MP infection. As is known, MP infection that was
commonly considered to be prevalent in children between 5 to 15 years old [20]. And we found the
pediatric patients complained of hemoptysis with aberrant vessels were with a medium age of 9.06 years
old, ranging from 4.2 to 16.0 years old. Additionally, in our study, various clinical manifestations and time
interval before symptomatic hemoptysis are accordance with MP infection, combined with about 90%
positive rate of MP specific test. It commonly causes interstitial inflammatory changes and are seen
during the chest radiological examinations, commonly damaging the right lung and locating in the inferior
lobe [21]. The rupture location of vasculature of hemoptysis in cases was more concentrated in the middle
to inferior lobe in the right side of pulmonary region. These results were in contrast with the chest images
of MP infection, and it was in accordance with the imaging findings. It was concluded that MP invasion
was probably involved in the pediatric hemoptysis with vascular malformations. Additionally, it was
possible that the MP actively presented in the acute phase for outcomes of MP-PA and MP-PCR. It can
damage endothelium, activate immune systems and induce vascular enlargement and sharply increase
the blood flow. Finally, MP infection was one of the most important triggering factors for vascular rupture
of anastomosis in hemoptysis subjects [22-23]. Both large and small airway functions can be damaged
with MP infection during the acute phase [24-25]. It is one of the smallest known free-living, self-replicating
bacteria. The pathogenesis of MP infection involving complex mechanisms, mainly the direct damage
mechanism, membrane fusion damage and immune damage were reviewed. The adhesion of MP onto
the alveolar macrophages, alveolar epithelial, vascular epithelia, fibroblasts etc. can interfere with the
structural lesions [26]. Meanwhile, MP is considered to be invasive and can induce extensive vascular
degeneration. Inflammatory reaction in the airways can lead to inflammatory damage during MP-induced
inflammatory reaction. Studies indicated that in children with MP infection, the serum level of interleukins,
intercellular adhesion molecule-1 and tumor necrosis factor are markedly increased. These were involved
the inflammation and infiltration of the affected tissues, and may lead to increased bronchial reaction,
aggravation of vascular damage and atherosclerosis [27]. So, for an intravascular movement with blood
flow and colonization, MP can damage the wall of segmental vessels by injuring the vascular endothelial
cells, intercellular tight junction and fibroblasts. Bronchial circulation contributed to the recruitment of
inflammatory cells by triggering the immune function to the mucosa of airways. This can be triggered to
improve the volume from BAs to the affected vessels [28]. A lasting blood perfusion can cause changes in
the vessel dilation, especially in the “bronchopulmonary anastomosis”, which could be considered as a
located aneurysms or pseudo-aneurysms secondary to MP infection.
Pulmonary bloodstreams supplied by dual circulation systems, which include bronchial circulation for
delivering oxygenated blood to the walls of conducting airways and pulmonary vessels, and pulmonary
circulation for pulmonary ventilation. The bronchial vasculature plays an important role in health and
diseases, especially in hemoptysis, approximately 90% [29]. Also, branching of the intrapulmonary arteries
along the length of the bronchial tree down to the terminal bronchioles forms a vast network of
capillaries. Different from CHD with aortopulmonary arteries, the bronchial circulation or pulmonary
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circulation of these hemoptysis individuals may also remodel by triggering some unknown factors during
the embryonic period [30]. Maternal hypoxia may contribute to oxygen deficiency of pulmonary tissues,
combining with an unestablished ventilation function. Low oxygen can promote the regulation of
angiogenic gene expression, such as vascular endothelial growth factor (VEGF) in triggering
angiogenesis. This possibly causes anomalous systemic arteries to pulmonary region [31]. Aberrant
bronchial circulation accounted a lot in our survey according to the imaging description [32].
Physiologically, the right lung contains several vascular branches for supply, cluing for high oxygen
demands. The dilated changes in the bronchial artery anatomy are more likely to increase the perfusion
heterogeneity for oxygen provision, with successive branches in the vascular tree in the right inferior lobe.
The bronchial circulation from systemic circulation showed high-resistance and low-capacitance, while
the pulmonary arteries allowed the identification of low-resistance circulation, which can lead to a
persistent dilation in BAs [33]. Our understanding regarding the findings showed some bloodstreams from
anomalous systemic arteries still flow to the pulmonary arteries consistently during the postnatal
development. Also, the distal microvasculature forms multiple anastomoses and was referred to as
“bronchopulmonary anastomotic”. Persistent bloodstreams lead to an increased pressure in these
anastomoses, like some cystic changes, particularly in the pulmonary capillary sections [34]. There exist a
mismatch of volume and perfusion in the pulmonary region in a condition with MP infection. The
decreasing level of FVC V25~V75 indicated dysfunction of small airways in some cases who underwent
PFT in our study. Gas exchange can only occur if there was a tight match between ventilation and
perfusion at the level of the alveolar capillaries and it indicates a tight coupling of ventilation and
perfusion results in minimal homogeneity of ventilation/perfusion ratio (V/Q) [35]. Rahn et al.
demonstrated that V/Q were significantly higher in the upper lobes of the lungs in animal trials [36].
Kaneko and coworkers [37] have supported the opinion that gravity was responsible for the vertical
gradient in V/Q ratios of inferior lobes. For hemoptysis with respiratory infection, the V/Q ratio
demonstrated an obvious imbalance. Structural changes along their occurrence in alveolar tissues reduce
the number of functional alveoli progressively. This in turn creates an obvious loss of functional gas
exchange units as well as lung compliance and alters the ventilation-perfusion relationships causing
restrictive ventilator disorders. As discussed above, it is very likely that a compromised ventilation in
hemoptysis cases lead to hypoxia further. Then the compensatory arterial blood flow from the BAs with
higher oxygen content to supply the pulmonary tissues in a short time [38]. This scenario also can provide
an increasing pressure of located vessels for regulation, especially in the capillaries. Meanwhile, one of
the commonest manifestation of MP is a rough cough for lesions of respiratory ciliary system. A cough
reflex could certainly increase the pressure in the thoracic cavity, especially during a persistent and spastic
cough, easily leading to the rupture of small vessels of abnormal BAs or fistulas of pulmonary
arteriovenous.

Conclusions
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We concluded that it should not be denied the rupture of abnormal vessels in pulmonary region remain
crucial factors for the occurrence of pediatric hemoptysis, such as abnormal BAs and PAVFs. Pediatric
hemoptysis is concentrated in elderly children with respiratory infection, especially with MP infection
which could induce a weak recovery (OR=2:1). Therefore, an early diagnosis of children with hemoptysis,
with a combination of clinical manifestations in addition to accessory examinations, is required. More
emphasis should be placed on the etiological therapy as well as suitable treatment for vascular
malformations that trigger hemoptysis. So, the possible mechanisms for pediatric hemoptysis related to
pulmonary vascular malformations with MP infection were summarized in Fig. 3.
Some shortcomings still existed in our study: 1) The outcomes of this study were obtained from a singlecenter with a relatively small sample size; 2) Additionally, there exists a selection bias in data collection
and classification of hemoptysis severity; 3) All data were retrospective in a hemoptysis cohort with
vascular malformations; 4) No controlled group existed. Hence, to confirm the above findings, a multicenter, larger sample size and randomized controlled trials should be conducted.
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Tables
Table1 Comparative outcomes between hemoptysis groups
Column
Age (mean ± sd)
Gender (Female)
Massive hemoptysis
WBC count(^109/L)

Group 1 (n=15)
9.5 ± 2.0
9
10
9.3±3.1

Group 2 (n=12)
8.6±3.8
9
2

P-value
.439
.420
.008

9.1±2.5

.733

NEUT (%)

71.7±12.1

60.6±18.3

.107

Hb(g/L)

114.5±17.4

123.9±55.6

.884

Lesion location*(n)

11

3

.006

Count of abnormal arteries (n) ‡
Recurrence (n)

2.0
6†

1.3
0††

.026
. 002
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Group1= Cases with MP infection (clinical manifestation combined with chest images and MP test (+)). Group
2= Cases without proofs for MP infection.
* Lesions located in the inferior lobe of right lung; ‡ A location of pulmonary arteriovenous fistula is counted as
one abnormal artery; †One case received the lung resection; †† Two patients selected the traditional therapy and
1 patient was undertaken a vascular ligation.

Table2. Details of patients with recurrent episodes
ses

Age*

Type†

Procedure

HS
(day)

(yrs)

MP-Ab

Times‡

at
baseline

Duration€
(mths)

MP-Ab at
recurrent
state(titers)¶

MP-PCR at
recurrent
state
(copies/ml)

se

9.7

se

8.8

se

8.4

se

10.0

se

9.6

se

8.1

se

10.0

se

8.0

Abnormal
BAs
Abnormal
BAs
Abnormal
BAs
Abnormal
BAs
Abnormal
BAs
Abnormal
BAs
Abnormal
BAs
Abnormal
BAs

TPO

11

(titers)
1:320

TPO

15

1:320

3

TPO

14

1:320
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*The age of cases with hemoptysis on-set. † Type of pulmonary vascular malformations. ‡ Times of hemoptysis
recurrence. €Interval time from every occlusion to recurrence point. ¶ MP-Ab level in serum tested during a
recurrent state (1= it was tested in one episode of recurrence; 2= it was tested in two episodes of recurrence).
BA=bronchial artery; yrs=years; TPO=transcatheter plug occlusion; MP=mycoplasma pneumonia; Ab=antibody.
HS=hospital stay at initial point.
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Figure 1
Abnormal BAs and smoking phenomenon detected by DSA. (arrow: abnormal arteries; asterisk: the site of
rupture in vessels)
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Figure 2
The cumulative event-free survival rate between groups with or without MP infection.
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Figure 3
The possible mechanism of hemoptysis related to pulmonary vascular malformations with MP infection.
(And all authors declare that this figure has been portrayed by our own)
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