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Abstract t 

Purpose:: Tachypnea in children is associated with respiratory disorders and 
nonrespiratoryy disorders such as cardiac disease, metabolic acidosis, fever, pain and 
anxiety.. Pulmonary embolism is seldom considered by pediatricians as a cause of 
tachypnea. . 
Patientss and Methods: Three children of various ages with persistent tachypnea are 
described:: a girl after orthopedic surgery for kyphoscoliosis, a boy with nephrotic 
syndromee and a neonate with Hirschsprung disease. Other causes of tachypnea were 
diagnosedd and treated before pulmonary embolism was considered. 
Results:: Ventilation-perfusion scanning appeared to be highly probable for pulmonary 
embolismm in these patients. Anticoagulant treatment was started. 
Conclusion:: Pulmonary embolism should be kept in mind in children with tachypnea. 
especiallyy when other risk factors for venous thromboembolism are present, to avoid delay 
inn anticoagulant treatment and a fatal outcome. 
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Introduction n 

Ann abnormally high respiratory frequency or tachypnea in childhood is associated with 
respiratoryy disorders, such as pneumonia, interstitial lung disease, pleural effusion, and 
asthma.. Nonrespiratory disorders that may be associated with tachypnea imply cardiac 
diseasee such as congestive heart failure, physical restraints due to ascites and abdominal 
distension,, metabolic acidosis, fever, anemia, neurologic disease such as cerebral 
hemorrhage,, pain and anxiety.': Pediatricians rarely consider pulmonary embolism (PE) 
ass a cause of tachypnea. We present three children of different ages who had long-lasting 
tachypneaa that appeared to result from PE. 

Casee reports 

Patientt 1 
AA 12-year-old girl with features of Marian's syndrome, i.e.. a dilated aortic root of 36 to 
377 mm, slight mitral valve insufficiency, and lens luxation and myopia in both eyes, was 
admittedd for orthopedic surgery because of a serious thoracolumbal kyphoscoliosis 
condition.. For the past 2 years she has been treated with 200 mg ethynyl estradiol daily 
andd 10 mg progesterone during the last 14 days of the menstrual cycle in order to reduce 
herr final height. Estrogen therapy was stopped 1 day before the operation. Postoperatively 
shee became tachypneic with a rate of 30 breaths/minute. Transcutaneously measured 
oxygenn saturation was 99% without oxygen supplementation and blood gas analysis 
appearedd to be normal. Her hemoglobin of 9.8 g/dl was optimized with erythrocyte 
transfusionn of one unit of packed cells directly after surgery. Chest x-ray demonstrated no 
pulmonaryy abnormalities. Analgesics were increased to exclude pain as the cause of 
tachypnea,, though without effect. Two weeks postoperatively she developed complaints of 
painn at the right side of the thorax during forced inspiration. Vcntilation-perfusion lung 
scanss revealed a high probability result for multiple emboli in both lungs. There was no 
familyy history of venous thromboembolism. Coagulation studies (Table 1) revealed 
slightlyy decreased free protein S plasma levels of 25CA at 2 weeks after discontinuation of 
estrogenn therapy and increased levels of thrombin-antithrombin complexes and of 
prothrombinn fragment 1 + 2. Treatment with activated partial thromboplastin time-adjusted 
dosee unfractionated heparin was given intravenously, and oral anticoagulants were 
administeredd for 3 months aiming at an international normalized ratio of 2 to 3. Free 
proteinn S levels normalized 4 weeks after ceasing of estrogen treatment. Tachypnea 
disappearedd after some days. 

Patientt 2 
AA 2-year-old boy with asthmatic bronchitis was referred to our pediatric nephrology 
departmentt for evaluation of steroid-resistant nephrotic syndrome with tachypnea, edema 
off  eyelids and legs, ascites, and hypertension. Renal biopsy showed focal 
glomerulosclerosis.. Treatment was initiated intravenously with a high dose of 
methylprednisolone,, albumin infusions, and diuretics. Tachypnea (30 to 40 breaths 
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/minute)) with periods of tachycardia (120 to 140 beats/minute), dyspnea, and cough 
persistedd for 4 weeks despite a decreasing amount of ascites, correction of hypovolemia, 
andd extension of asthma therapy. On physical examination the lungs remained clear. 
Transcutaneouslyy measured oxygen saturation was 99% without oxygen supplementation. 
Bloodd gas analysis yielded normal values. His platelet count was 931 x 107L and the 
hemoglobinn was 11.3 g/dl. Chest x-ray showed no abnormalities. Tachypnea remained, so 
otherr causes were considered. Finally, routine echocardiography showed the unexpected 
presencee of a thrombus in the inferior vena cava, which extended into the right renal vein. 
Ventilation-perfusionn lung scanning showed normal ventilation in both lungs and no 
perfusionn anywhere in the right lung. Family history revealed PE in the maternal 
grandmotherr when she was 58. Coagulation studies (Table 1) demonstrated increased 
levelss of factor VIIIc , protein C and fibrinogen, thrombocytosis, and spontaneous platelet 
aggregation.. Adjusted dose unfractionated heparin therapy was given for 1 week, followed 
byy oral anticoagulants for 3 months. Tachypnea disappeared soon after starting 
anticoagulantt therapy. 

Tablee 1. Coagulation studies of patients 

Antithrombin n 

Proteinn S total 

Proteinn S free 

Proteinn C act 

Fibrinogen n 

Plasminogen n 

FF VIIIc 

TAT T 

FF 1+2 

Lupuss anticoagulant 

FF V R506Q mutation 

Normal l 

80-140% % 

65-108% % 

26-61% % 

70-120% % 

1.5-4.00 g/L 

80-140% % 

50-150% % 

<4.66 ug/L 

0.3-1.66 nmol/L 

nott present 

nott present 

Patientt 1 

\\19c \\19c 

80% % 

257 7 

1029? ? 

--
1097r r 

--
18.66 ug/L 

1.755 nmol/L 

nott present 

nott present 

Patientt 2 

89% % 

120% % 

32% % 

154% % 

4.1 1 

75% % 

200% % 

--
--
nott present 

nott present 

Patientt 3 

59%% ' 

49%% " 

30% % 

52%%

4.2 2 

58%% * 

--
--
--
--
nott presen 

**  normal for age 

Abbreviations:: TAT thrombin-antithrombin complexes. F 1+2 prothrombin fragment 1 + 2 

Patientt 3 
AA 2-day-old full-term girl was admitted to our pediatric surgery department with a history 
off  bilious vomiting and abdominal distension under suspicion of Hirschsprung disease. 
Passagee of meconium had not occurred. Enterocolitis with sepsis complicated by 
disseminatedd intravascular coagulation developed causing respiratory and circulatory 
insufficiency.. The girl was transferred to the pediatric intensive care unit for mechanical 
ventilation,, volume support and antibiotics. Her clinical condition did not improve, and 
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laparotomyy was performed to decompress the distended part of the transverse colon by a 
transversee colostomy. Histopathology showed ganglionated transverse colon proximal to 
thee colostomy. After extubation the patient had a tachypnea (60 to 80 breaths/minute) with 
periodss of tachycardia (160 to 200 beats/minute) on the 3rd postoperative day. Chest x-ray 
revealedd no abnormalities. Blood gas analysis was normal with oxygen supplementation 
(Fi022 25%). Pain medication was sufficient. Electroencephalography excluded 
convulsionss as the cause of tachypnea. Echocardiography was performed on day 10 post-
operativelyy to investigate an eventual cardiac origin for the tachypnea and tachycardia. The 
structuree and function of the heart was normal; however, a thrombus in the inferior vena 
cavaa at the tip of the central venous catheter was observed. PE was suspected and a 
ventilation-perfusionn lung scan showed that PE in the lower lobe of the right lung was 
highlyy probable (Figure 1). Coagulation studies (Table 1) were normal for this age 
category.. Adjusted doses of unfractionated heparin were started intravenously, and the 
centrall  venous catheter was removed. Blood cultures were positive for Escherichia coli. 
Antibioticss had already been started 2 days before initiation of anticoagulant therapy. 
Threee weeks after the first operation, the patient went to surgery for removal of adhesions, 
ileocecall  resection, and ileostomy because of dysfunction of the colostomy. She had 
prolongedd paralytic ileus, and no further surgical options were available. The patient's 
conditionn worsened and after developing fatal respiratory distress, she died at the age of 5 
weeks.. Autopsy revealed a mass of thin walled intestines sticking to the mesenterium and 
peritoneumm and a thrombus in the inferior vena cava with multiple pulmonary emboli in 
thee right lower lobe and the left upper lobe. 

Figuree 1. Right and left posterior oblique ventilation (b and d) and perfusion lung seans (a and c) of 
patientt 3, showing well matched delects in the right lower lobe. 

aa b 
ar. . 

cc d 

57 7 



Chapterr 3 

Discussion n 

Thiss article shows examples of considerable delay in the diagnosis of PE in three children 
off  various age categories in spite of long-lasting respiratory symptoms, and in particular, 
tachypnea.. Other causes of tachypnea such as pain, anemia and respiratory infection were 
diagnosedd and treated before PE was considered. The diagnosis of PE is usually 
determinedd sooner in adults, approximately 3 to 4 days after onset of symptoms.' This 
mayy be related to the fact that, in contrast to adults, thromboembolic complications are 
raree events in children. In the first prospective registry of deep-vein thrombosis and/or PE 
inn children in Canada between the ages of 1 month and 18 years, the incidence was 
estimatedd to be 53 per 100,000 hospitalized children or 0.7 per 100,000 children in the 
generall  population.4 This incidence is significantly lower than that reported for adults, 
whichh is estimated at 2.5 to 5% of the adult population.' The Canadian registry reported 
ann incidence of PE of 8.6 per 100.000 hospitalized children. The true incidence of PE in 
childrenn is probably much higher, inasmuch as autopsy studies revealed higher incidences, 
rangingg from 1.25 to4.2%.',r 

AA ventilation-perfusion scan is recommended in children with suspected PE.S 

Thiss is a safe and noninvasive method which can even be used in young and small 
childrenn as demonstrated in patient 3, a 2-week-old infant. Chest x-rays were normal in all 
threee patients; obviously a normal chest x-ray does not exclude PE. 

Almostt all children with venous thromboembolic complications have serious 
underlyingg disorders or predisposing factors*  ", whereas in adults approximately 20% of 
thromboembolicc complications are idiopathic.12 These risk factors for venous thrombosis 
cann be hereditary such as factor II mutation and factor V mutation, antithrombin. protein S 
andd protein C deficiency or acquired such as central venous catheters, infection, 
malignancy,, pregnancy, and obesity. 

Inn patient 1 contributing factors were orthopedic surgery, immobility, and 
possiblyy a decreased free protein S level due to prior estrogen treatment." ' 

Nephroticc syndrome was an important factor contributing to thrombosis in patient 2. 
Nephroticc syndrome is associated with hypovolemia and hypercoagulability: elevated 
levelss of fibrinogen and factor VIII c and a decrease in antithrombin.lf,J7 Moreover, 
nephroticc syndrome may be associated with thrombocytosis and enhanced or even 
spontaneouss aggregation of platelets. Platelet dysfunction correlates with the degree of 
proteinuriaa and hypoalbuminemia and may enhance the likelihood of developing venous 
thromboembolism.ISJ" " 

AA combination of risk factors for PE was found in patient 3 (surgery, sepsis with 
disseminatedd intravascular coagulation, hypovolemia and an indwelling central venous 
catheter).. In the Canadian registry of children with venous thrombosis, two or more 
associatedd conditions were present in 90% of the children/ The younger an individual, the 
moree risk factors arc required to precipitate thrombosis.:" In the 1st year of life 
thromboembolicc complications are mainly associated with central venous catheters.:,:: In 
olderr children, central venous catheters still remain one of the most important risk 
factors.:: : 
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