Blood Pressure Screening, Answers and Discussion

Introduction:

There is increasing evidence that that the presence of hypertension in childhood and adolescence is associated with left ventricular hypertrophy and early coronary artery disease.  In fact, children whose primary (essential) hypertension is untreated may have vascular injury at the time of diagnosis.  Since nearly one of every six Americans develops hypertension, pediatricians can play an important role in decreasing cardiovascular morbidity and mortality by pursuing early identification, evaluation and treatment of hypertension.


The Fourth Report by the National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents presents the consensus of a group of experts about the diagnosis, evaluation and treatment of childhood hypertension.  Because body size is an essential determinant of blood pressure in children, a child’s gender and height percentile are needed to determine if blood pressure is normal.


Case 1

1.  Normal BP in children and adolescents is defined as systolic BP (SBP) and diastolic BP (DBP) that are <90th percentile for gender, age and height.  These norms are published widely and are available in the Harriet Lane Handbook. 

· Hypertension is defined as average SBP and/or DBP that is ≥95th percentile for gender, age and height on ≥3 occasions.

· Stage I hypertension is SBP or DBP from 95th to 99th percentile plus 5 mm Hg. (Stage I hypertension allows time for evaluation before initiating treatment unless the patient is symptomatic.)
· Stage II hypertension is SBP or DBP greater than 99th percentile plus 5 mm Hg. (Stage II hypertension warrants diagnostic work-up and evaluation for end-organ damage after 1 occasion.)
· Prehypertension in children is defined as average SBP or DBP levels that are ≥90th and <95th percentile. (Prehypertension warrants follow-up over time. Lifestyle modifications, e.g. diet and exercise, should be recommended.)
· As with adults, adolescents with BP levels ≥120/80 mm Hg should be considered prehypertensive.

· A patient with BP levels >95th percentile in a physician’s office, who is normotensive outside a clinical setting, has “white-coat hypertension.”  Ambulatory BP monitoring is usually required to make this diagnosis. 

Your first step should be to confirm that you have taken the child’s blood pressure correctly.  

Measurement of BP in children

· Most pediatric hypertension is clinically silent (patients are without complaints/symptoms)
· Children > 3 years old should have their BP taken during every health care visit

· Children < 3 years old should have their BP measured in special circumstances (includes history of prematurity, very low birth weight, congenital heart disease, recurrent UTIs, hematuria or proteinuria, known renal/urologic disease, solid-organ transplant, malignancy, treatment with drugs known to raise BP, other systemic illnesses associated with hypertension, evidence of elevated intracranial pressure)
· Standards for SBP and DBP for infants <1 year old are available in the Report of the Second Task Force on Blood Pressure Control in Children, 1987.  There is evidence that prematurity is a risk factor for future hypertension.

· The preferred method of BP measurement is auscultation.  Since the mercury manometer has been increasingly removed from healthcare settings (due to environmental toxicity), aneroid manometers are more frequently found. These need to calibrated on a semiannual basis.

· Correct measurement requires a cuff that is appropriate to the size of the child’s upper arm.  BP measurements are overestimated by a cuff that is too small, and underestimated by a cuff that is too large.  (Since the degree of overestimation by a small cuff is greater than the underestimation by a large cuff, you should choose the larger cuff if neither fits perfectly.)


Figure 1. Arm circumference should be measured 

midway between the olecranon and acromial process.
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Figure 2. Blood pressure cuff showing size 

estimation based on arm circumference.

· SBP is determined by the onset of the “tapping” Korotkoff sounds (K1).  DBP is determined by the disappearance of Korotkoff sounds (K5).  

· BP should be taken after 5 minutes of rest in the seated position, with the right arm supported at heart level.  Infants’ blood pressure should be obtained in the supine position.

For this patient, a 4 year old female whose height is at the 10th percentile, the 95% of BP is 106/68 and the 99% of BP is 113/76.  Thus, if the measurement is correct, this is stage II hypertension.

2. Most childhood hypertension is secondary to an underlying disorder, most commonly renal parenchymal disease (60-70%).  Most adolescent hypertension is usually primary (essential) hypertension (85-95%).
Causes of childhood hypertension by age groupa

	
	Infants < 1 year old
	School-age
	Adolescents

	Primary/essential
	<1%
	15-30%
	85-95%

	Secondary
	99%
	70-85%
	5-15%b

	      Renal parenchymal disease
	20%
	60-70%
	

	      Renovascular
	25%
	5-10%
	

	      Endocrine
	1%
	3-5%
	

	      Aortic coarctation
	35%
	10-20%
	

	      Reflux nephropathy
	0%
	5-10%
	

	      Neoplastic
	4%
	1-5%
	

	      Miscellaneous
	20%
	1-5%
	


aFrom Flynn, JT. Evaluation and Management of Hypertension in Childhood. Progress in Pediatric Cardiology 12 (2001):177-188.

bBreakdown of causes is generally similar to that of school-age children.

3.  Since this young child has stage II hypertension, you begin immediate evaluation for end organ damage.  A thorough history of medication use, review of systems, and family history may help to elicit an etiology, and a careful physical exam are warranted.  Obtaining BP readings in the upper and lower extremities should be done to rule out coarctation of the aorta.  Examination of the retina should also be performed looking for effects of hypertension.  In the majority of children with hypertension, the physical exam will be normal.  

You also send off laboratory tests and order rapid referrals to experts in pediatric hypertension.  Screening laboratory tests can reasonably be done in most primary care offices, including:

· urinalysis and urine culture

· serum electrolytes, BUN, creatinine, glucose, calcium, phosphorus, uric acid, lipids

· CBC with differential, ESR 

Specific tests, as guided by the results of history, physical and screening tests are:

· 24-hour urine collection for protein and creatinine

· plasma renin activity and 24-hour urine sodium excretion

· urine and serum catecholamines (for suspected pheochromocytoma)

· ophthalmologic exam

· echocardiogram (not EKG)

· renal ultrasound (especially if urinalysis is abnormal) with Doppler of renal arteries

· hormone levels (thyroid, adrenal)

· genetic evaluations (Williams, Turners, neurofibromatosis)

In evaluating this patient’s hypertension, the renal ultrasound findings appeared normal but added Doppler ultrasonography revealed decreased arterial flow to the upper pole of the right kidney.  Angiography (the “gold standard” of diagnosis) further delineated a normal right main renal artery but with a tortuous posterior segmental branch with multiple aneurysms and stenoses supplying the upper pole.*  Partial nephrectomy was performed with immediate resolution of the hypertension. Histopathologic examination revealed renal artery fibromuscular dysplasia, which is the most common cause of pediatric renovascular hypertension in North America.  However, renal parenchymal disease is the most common cause of all secondary hypertension in children.

*Fumo MJ, Becker CJ, Rabah R, McLorie GA. Segmental Renal Artery Dysplasia Presenting as Hypertension in a Child. Urology, 2006;67(2):421-422.

Case 2

1. As discussed in the previous case, normal BP in children and adolescents is defined as systolic BP (SBP) and diastolic BP (DBP) that are <90th percentile for gender, age and height.  Hypertension is defined as average SBP and/or DBP that is ≥95th percentile for gender, age and height on ≥3 occasions.  Additionally, adolescents with BP levels ≥120/80 mm Hg should be considered prehypertensive.


For this boy, the 95th percentile for BP would be 129/83 and the 99th percentile would be 136/90.


You suspect stage I hypertension, but you cannot make the diagnosis at this visit.  At least 3 abnormal BPs should be obtained at different times, ideally over a few weeks.

2. Important elements of history/presentation of a patient with hypertension:

· Common symptoms of hypertension in adolescents are the same as in adults: headaches, dizziness, diplopia, epistaxis, nausea and vomiting (especially in acute hypertension).  

· Uncommon presentations of hypertension include Bell’s Palsy and abdominal pain.  

· In younger children and infants, the symptoms may be much more vague, and include lethargy or irritability.

· Urinary symptoms (eneuresis, hematuria, edema) should be elicited given the high prevalence of renal disease as a cause for hypertension in childhood.  History of UTIs might indicate reflux nephropathy.

· Symptoms of other underlying disease should be looked for (heart disease, rheumatologic disease, endocrinologic disease, etc.)

· Because of an association of sleep apnea with overweight and high BP, a sleep history should be obtained.

· Medication/drug use must be asked about.

· A family history of hypertension, along with onset of hypertension in adolescence, is suggestive of primary (essential) hypertension.

· Since overweight is strongly linked to hypertension, BMI should be calculated.

· Mild obesity and anxiety are frequently seen in teenagers with essential hypertension.  Many obese adolescents will regain a normal BP with weight reduction.

· Poor growth may indicate an underlying chronic illness.

· A hyperdynamic precordium is suggestive of left ventricular hypertrophy.

· A very elevated heart rate may suggest pheochromocytoma.

· ALWAYS evaluate femoral pulses.  Aortic coarctation can present at any age.  Upper and lower extremity BPs should be done at the initial evaluation.

3. An initial work-up for the hypertensive adolescent includes urinalysis and urine culture, serum electrolytes, BUN, creatinine, uric acid (elevated uric acid is associated with primary hypertension) and lipids.  It would also be appropriate to obtain fasting glucose and insulin levels, as this patient is at high risk of insulin resistance.  (However, this is not part of the work-up for hypertension.)  The results of these screening tests will guide your next steps.  Since there is a much higher incidence of high-renin hypertension in children than adults, you might want to obtain a plasma renin (with 24-hour urine sodium to help you interpret the result).  In teenagers, if the urinalysis and creatinine are normal, the likelihood of finding an abnormality on renal ultrasound is small.

4. You now can make a diagnosis of primary hypertension.  You can also consider a diagnosis of obesity-related hypertension.  Weight loss, sodium restriction and aerobic exercise are all recommended for the initial approach.  Medications are only recommended for children with the most severely elevated BPs, for those who are symptomatic, for those with end-organ damage, and for those who fail to respond to non-pharmacologic interventions.  If you start medication in this patient now, he could face up to 70 years of drug treatment!


Since the percentage of children who will respond to non-pharmacologic measures is likely low, many physicians would begin investigating for signs of end-organ damage.  You can obtain an echocardiogram to look for left ventricular hypertrophy and refer to a pediatric ophthalmologist to look for retinal changes.  If these evaluations are normal, you would be justified to begin non-pharmacologic measures only.

5.  Systemic hypertension may be a risk factor for complications when exercise causes blood pressure to rise even higher.  However, for the majority of children and adolescents with hypertension, current evidence supports the participation in most athletic activities.  

Nearly all physical activities have both static (isometric) and dynamic components.  Guidelines for restricting participation should be based on the cardiovascular demands of the activity and the demands of the practice, training, and /or preparation for that activity.  In dynamic exercise, intramuscular force is not greatly increased, there is a sizable increase in SBP, a moderate increase in mean arterial pressure, and decreases in both DBP and total peripheral resistance.  In static exercise, relatively large intramuscular forces develop, there are significant increases in SBP, mean arterial pressure, and DBP, and total peripheral resistance remains unchanged.  Available data do not indicate that strenuous dynamic exercise increases risk of acute complications of hypertension during exercise or that it increases baseline blood pressure values.

Despite a lack of evidence, experts are cautious about allowing athletes with severe hypertension to participate in activities with high static components.  They are concerned with static exercise due to the acute increase in DBP and the possible increases in muscle mass that may elevate resting blood pressure.  Current guidelines recommend that youth with stage II hypertension be restricted from competitive sports and highly static activities until their hypertension is under adequate control and they have no evidence of target organ damage.  However, complete restriction of exercise for those with stage II hypertension may not be necessary.  The presence of stage I hypertension in the absence of target organ damage or concomitant heart disease should not limit a person’s eligibility for competitive athletics.  However, it is not completely clear if these children and adolescents should similarly avoid activities with a high static component.  

Sports That Have a High Static Componenta

	Low Dynamic
	Moderate Dynamic
	High Dynamic

	Bobsledding
	Body Building
	Boxingb

	Field events (throwing)
	Downhill skiing
	Canoeing/kayaking

	Gymnastics
	Wrestling
	Cycling

	Karate/judo
	
	Decathlon

	Luge
	
	Rowing

	Sailing
	
	Speed skating

	Rock climbing
	
	

	Waterskiing
	
	

	Weight lifting
	
	

	Windsurfing
	
	


aFrom AAP, Committee on Sports Medicine and Fitness. Pediatrics, 1997;99(4):637-638.

bThe AAP recommends that youth not participate in boxing.
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Management algorithm for pediatric hypertension.  From The Fourth Report, 2004.
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