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Introduction

Chest pain is a common symptom in children and adoles-
cents but is one that is frequently anxiety provoking in fami-
lies and patients. The fear of a cardiac cause is often 
prominent, although the true differential is far more broad. In 
fact, the incidence of cardiac chest pain in pediatric patients 
is exceedingly low, ranging from 0.2% to 1% of cases.1

Chest pain can be seen in up to 6 in 1000 children.2 The 
average age of presentation is ages 12–14, and most com-
monly, the cause of pediatric chest pain is idiopathic2 or of 
unknown origin. Other causes include musculoskeletal, psy-
chological, gastrointestinal, and respiratory.

Musculoskeletal causes are the most common, and 
include costochondritis, slipping rib syndrome, precordial 

catch syndrome, muscle strain, and trauma.1 Other common 
pediatric diagnoses can also cause chest pain, including 
asthma and respiratory infections. Gastroesophageal reflux 
disease, a common pediatric complaint, is another frequent 
etiology. Cardiac causes account for the least of the etiolo-
gies, and include pericarditis, mitral valve prolapse, and 
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Abstract
A 15-year-old female with no significant past medical history presented to the emergency department with 1 day of substernal 
and pleuritic chest pain, chills, cough, and hematuria. She also had swelling of the face and ankles that resolved by presentation. 
She was found to have elevated troponin and brain natriuretic peptide during initial workup. Electrocardiogram was normal, 
but there were significant pleural effusions on chest x-ray. She was strep positive and had blood pressure up to 150/90, 
prompting admission for cardiac monitoring and cardiology consultation. Blood pressure decreased down to 125/72 without 
intervention. She was afebrile with unlabored breathing and normal saturations. She was clear to auscultation bilaterally, 
with no abdominal distension or hepatosplenomegaly, and edema was not evident on exam. There was mild erythema to 
the bilateral tonsillar pillars. Initial considerations included viral myocarditis, pericarditis, and atypical nephritic syndrome. 
Workup revealed elevated antistreptolysin antibodies, low C3 complement, negative antineutrophil cytoplasmic antibodies, 
and negative flu testing. Renal sonography was unremarkable. Cardiology recommended echocardiography, which confirmed 
pleural effusions but revealed no cardiac abnormalities. Urinalysis revealed hematuria and mild proteinuria. Diagnosis was 
found to be post-streptococcal glomerulonephritis complicated by fluid overload and left ventricular strain secondary to 
hypertensive emergency. Post-streptococcal glomerulonephritis is the most common cause of acute glomerulonephritis in 
children. The mechanism of disease is a proliferation and inflammation of the renal glomeruli secondary to immunologic 
injury, with deposition of immune complexes, neutrophils, macrophages, and C3 after complement activation. This leads to 
hematuria, proteinuria, and fluid overload. Edema is present in 65%–90% of patients, progressing to pulmonary involvement 
in severe cases. Cardiac dysfunction secondary to fluid overload is a potentially fatal outcome in the acute setting. Physicians 
should consider post-streptococcal glomerulonephritis for patients presenting with hypertension, cardiac/pulmonary 
pathology, or symptoms of acute heart failure in the context of strep infection.
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arrythmias. Finally, cardiac ischemia can cause chest pain in 
children, but accounts for a very small proportion of cases.1

Given the danger of undetected cardiac disease in chil-
dren, and particularly in athletes, the history and physical 
examination are of particular importance in determining 
level of suspicion for cardiac involvement. Family history of 
cardiac disease, sudden death, or history of syncope should 
increase level of suspicion.1 If there is increased suspicion 
for cardiac involvement, next steps include an electrocardio-
gram (ECG), and potentially an echocardiogram. Any abnor-
malities should also lead to consideration of cardiology 
consultation.

In this case report, we present one of those rarer presenta-
tions of chest pain that was due to cardiac etiology as a com-
plication of the primary diagnosis.

Case report

A 15-year-old female with no significant past medical his-
tory presented to the emergency department (ED) with a 
1-day history of substernal and pleuritic chest pain. She 
reported that she woke up that morning with chest discom-
fort and shortness of breath, and later had fever, chills, dia-
phoresis, and swelling of her face and ankles. She was not 
menstruating and, other than a mild intermittent cough, she 
denied other symptoms, including sore throat, rash, vomit-
ing, and diarrhea. Although swelling resolved, her chest pain 
persisted throughout the day, prompting her presentation in 
the ED. On initial evaluation, she was afebrile with an initial 
blood pressure of 180/70. Her other vital signs were within 
normal limits. On physical examination, she was in no acute 
distress, and lungs were clear to auscultation bilaterally 
without labored breathing or hypoxemia. Cardiac exam was 
without murmur and her peripheral pulses were 2+ bilater-
ally in all extremities. No abdominal distension or hepatos-
plenomegaly were identified. There was mild erythema to 
the bilateral tonsillar pillars without frank tonsillar exudate, 
and no clinical edema was noted in the face or extremities. 
The remainder of her physical exam, including the skin 
exam, was unremarkable. Initial laboratory evaluation in the 
ED revealed an elevated high-sensitivity troponin-T of 
16 ng/L (normal < 11 ng/L) and brain natriuretic peptide 
(BNP) of 5901 pg/mL (normal < 125 pg/mL). Urinalysis 
revealed significant hematuria (>50 RBC/hpf) and proteinu-
ria of 30 mg/dL, but was otherwise unremarkable. She was 
admitted for further evaluation and management.

Upon admission, her blood pressure had decreased to 
125/72. An ECG was obtained and showed normal sinus 
rhythm. A chest x-ray (CXR) was notable for trace pleural 
effusions and bilateral reticular interstitial opacities, con-
cerning for pulmonary edema (see Figure 1). A rapid swab 
for Streptococcus pyogenes was obtained due to erythema-
tous tonsillar pillars and was positive. Initial differential con-
siderations included viral myocarditis, pericarditis, and 
atypical nephritic syndrome. Nephrology was consulted and 

recommended a renal ultrasound, which revealed no abnor-
malities. Cardiology was also consulted and recommended 
an echocardiogram which revealed significant bilateral pleu-
ral effusions in the setting of a structurally normal heart. 
Further laboratory evaluation included a complete blood 
count (CBC), comprehensive metabolic panel (CMP), lipid 
panel, antistreptolysin antibodies (ASO), C3 and C4 com-
plements, antinuclear antibodies (ANA), antineutrophil 
cytoplasmic antibodies (ANCA), myeloperoxidase, and 
urine protein/creatinine ratio. Lab workup was significant 
for an elevated ASO of 834 IU/mL (normal < 150 IU/mL) 
and low C3 complement of 21 mg/dL (reference range 90–
180 mg/dL). Protein continued to be detected in urine dip-
stick tests. Creatinine, albumin, total protein, and urine 
protein: creatinine ratio were normal at 0.66 mg/dL (refer-
ence range 0.6–1.1 mg/dL), 3.9 g/dL (reference range  
3.8–5.1 g/dL), 6.9 g/dL (reference range 6.3–8.0 g/dL), and 
74 mg/g (normal < 200 mg/g), respectively. Viral respira-
tory testing was also negative. Although there was lack of 
acute illness symptoms, presumptive diagnosis of strep 
infection was made given the erythematous tonsillar pillars, 
positive strep test, and elevated ASO antibodies. This, along 
with low C3, hypertension, hematuria, and proteinuria on 
dipstick test, led to diagnosis of post-streptococcal glomeru-
lonephritis (PSGN). Treatment was initiated with amoxicil-
lin and fluid restriction, with slow improvement in her 
tachycardia and hypertension to normal values. Physical 
exam remained unremarkable. In addition, her troponin and 
BNP trended downward with conservative therapy (see 
Table 1), and she was able to be discharged home with oral 
antibiotics and close subspecialty follow-up.

Figure 1. Admission chest radiograph showing diffuse reticular 
interstitial opacities and trace pleural effusions, concerning for 
pulmonary edema.
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Final diagnosis

PSGN complicated by fluid overload and left ventricular 
strain secondary to hypertensive emergency.

Discussion

Chest pain or pressure, along with elevated troponin and viral 
symptoms, can lead to multiple diagnostic considerations. In 
the pediatric population, leading differential diagnoses often 
include viral myocarditis or pericarditis. However, in this 
patient, hematuria resulted in a broadened differential. 
Hematuria indicates kidney injury and can result from lesions 
involving the glomerulus, renal interstitium, renal vascular 
supply, or urinary tract.3 The patient denied hematuria on his-
tory, but had red blood cells present on urinalysis, indicating 
microscopic hematuria. Microscopic hematuria along with 
proteinuria, as in our patient, especially when accompanied by 
hypertension or edema, strongly suggests glomerulonephritis.3

PSGN is the most common cause of acute glomerulone-
phritis in childhood.4,5 The mechanism of disease is prolif-
eration and inflammation of the renal glomeruli secondary to 
immunologic injury, with deposition of immune complexes 
in the glomeruli, which triggers complement activation and 
inflammation, allowing for subsequent deposition of neutro-
phils, macrophages, and C3.6 Immune complexes occur in 
response to Group A Streptococcus nephritogenic strains. 
Cytokines also participate and amplify the damage.7 Due to 
deposition of C3 into the glomeruli, there is transient reduc-
tion in serum C3 levels, as evidenced in our patient. This 
immunologic and inflammatory response leads to glomeru-
lar injury with resultant hematuria as well as increased per-
meability, allowing for leakage of protein and mild 
proteinuria notable on urinalysis.7,8 This glomerular injury 
also causes excessive fluid and sodium retention, which then 
results in edema and hypertension.5

Most cases of PSGN occur between the ages of 5 and 
15 years of age.5,9 It is rarely seen in children younger than 2 
or older than 18 years of age. The latency period from infec-
tion to presentation of PSGN is often 1–2 weeks after phar-
yngitis but can be longer after skin infections. PSGN 
frequently presents with edema, gross hematuria, and hyper-
tension, although two-thirds of patients with hematuria can 
present with microscopic hematuria.9 Proteinuria is also 
common, although it is rarely in the nephrotic range. 
Nephrotic range proteinuria is generally associated with a 

worse prognosis and should prompt consideration of other 
diagnoses.7

Diagnosis of PSGN requires evidence of both glomerulo-
nephritis and infection with group A Streptococcus. 
Abnormal results on urinalysis (hematuria, proteinuria) are 
sufficient to diagnose glomerulonephritis. However, about 
20% of children are asymptomatic carriers of streptococci in 
the nasopharynx, and therefore positive strep test or culture 
from the throat should not be considered adequate evidence 
for diagnosis of PSGN.7 As a result, diagnosis usually 
depends on serologic evidence. In our patient, elevated ASO 
was used to help make the diagnosis, but other possible sero-
logic tests include anti-DNAse B, antistreptokinase, and 
antihyaluronidase. ASO and anti-DNAse B are most fre-
quently tested, but ASO is less frequently elevated than anti-
DNAse B.7 Serologic evidence of depressed C3 also helps 
with diagnosis and is present in greater than 90% of cases.7 
Renal biopsy is not necessary to make the diagnosis of 
PSGN, but may be used in cases with features atypical of 
PSGN, such as normal C3 levels or nephrotic range protein-
uria.5 Prognosis in children is generally excellent, but serious 
complications can occur.

Edema presents in 65%–90% of patients with PSGN.5 
Hypertension is also extremely common and is present in 
most patients. Moreover, a recent review estimated that 
approximately 20% of patients may have hypertensive emer-
gency at presentation.10 Although many patients are rela-
tively asymptomatic, cardiac dysfunction secondary to fluid 
overload and severe hypertension can be a potentially seri-
ous complication in the acute setting. Other serious potential 
sequelae include hypertensive encephalopathy and pulmo-
nary edema. However, cases of cardiac dysfunction and 
sequelae in patients with PSGN are more rare. Congestive 
heart failure with decreased ejection fraction is a more com-
monly documented complication, but prolonged QT duration 
and myocarditis have also been described.5,11

Although congestive heart failure was considered in our 
patient, this was not determined to be the cause of her car-
diac complications. Elevated BNP and pulmonary edema on 
CXR lead to initial consideration. BNP is a natriuretic pep-
tide released from the ventricles in response to volume 
expansion and pressure overload, causing myocardial stretch 
and wall stress. Although BNP is a very sensitive screening 
measure to help identify patients in need of echocardiogra-
phy, it can be found in many other conditions (such as car-
diac inflammatory or infectious diseases, sepsis, and renal 
failure).12,13 In our patient, normal echocardiography and the 
lack of other signs of acute heart failure, such as hepatomeg-
aly and pitting edema, made this diagnosis less likely. She 
did have pulmonary edema, but this was attributed to PSGN-
related fluid overload.

Due to elevated troponin-T, type II myocardial infarction 
(MI) as a cause of the chest pain was also considered. Type I 
MI occurs when there is evidence of atherothrombotic coro-
nary artery event but type II MI involves a mismatch in  

Table 1. Patient’s cardiac lab markers during admission.

Admit 12 h 18 h 24 h 36 h 48 h Discharge

Troponin
(ng/L)

  16   16   18   14   15    8 <6

BNP
(pg/mL)

5901 7764 5349 3489 2538 2243 1257

BNP: brain natriuretic peptide.
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oxygen supply and demand from a condition other than ath-
erosclerotic heart disease.14 In our patient, a mismatch in 
oxygen supply and demand was possible in the setting of 
pulmonary edema and hypertensive emergency, respectively. 
The fourth universal definition of MI by the American 
College of Cardiology requires evidence of acute myocardial 
injury in the setting of clinical evidence of acute myocardial 
ischemia for diagnosis.14 However, the evidence of acute 
myocardial injury must be through detection of rise in car-
diac troponin above the 99th percentile of the upper refer-
ence limit of normal, a level of at least 236 ng/L in females, 
which our patient did not satisfy.15 Another cause of elevated 
troponin-T includes kidney failure with increased creatinine, 
but our patient was found to have a normal creatinine, mak-
ing this less likely.16 Finally, troponin can be elevated fol-
lowing preload-induced mechanical stretch or physiologic 
stretches in otherwise normal hearts.14 Given the fluid over-
load in our patient, myocardial strain caused by preload-
induced wall stress was determined to be the etiology of the 
elevated troponin, especially in the setting of hypertensive 
emergency, which can exacerbate myocardial strain.

Management of PSGN involves treatment of the infec-
tion, often accomplished with penicillins or, if allergic, 
erythromycin, as well as symptomatic treatment. Salt and 
water restriction can be used for fluid overload. When severe, 
fluid overload and hypertension can be managed with loop 
diuretics and antihypertensive medication.7

Conclusion

Although pediatric patients generally fare excellently in 
cases of PSGN, serious complications secondary to fluid 
overload and severe hypertension can occur in the acute set-
ting. Clinicians should be mindful of glomerulonephritis in 
patients presenting with hypertension or cardiac/pulmonary 
pathology in the context of hematuria or streptococcal 
infection.
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