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Abstract: Acute lymphoblastic leukemia (ALL) is the most common cancer diagnosed in
children under the age of 18. While modern diagnostic technologies, risk-stratification, and
therapy intensification have led to outstanding outcomes for many children with ALL, the
side effects and consequences of therapy are not to be underestimated. Hypertension is
a well-known acute and chronic side effect of treatment for childhood ALL, although limited
data are available regarding the prevalence of hypertension in children undergoing treatment
for ALL. In this review of hypertension in pediatric ALL patients, we examine the existing
data on incidence and prevalence during treatment and in pediatric ALL survivors. We
describe independent risk factors for development of hypertension along with treatment-
related causes. Long-term consequences and the risk to survivors of pediatric ALL are
further defined. While many ALL patients require antihypertensive medications during
some portion of their treatment, there are no clear guidelines on treating inpatient hyperten-
sion given challenges that exist in recognizing and managing hypertension in this setting and
in this population. Here, we propose an algorithmic approach to diagnose and treat pediatric
ALL patients with HTN, along with monitoring and continuation versus cessation of anti-
hypertensive therapy as an outpatient.
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Background

Acute lymphoblastic leukemia (ALL) is the most common pediatric malignancy,
accounting for almost one-third of all childhood cancers.' Due to progress in
treatment and advances in supportive care, the long-term survival rates of children
with ALL have improved remarkably over the last 50 years and now approach
90%.' However, improved survival means an increased number of survivors who
are at risk of treatment-related morbidity and mortality. It is well known that
hypertension is one of the acute and chronic complications of pediatric leukemia
treatment, but limited data are available regarding the prevalence of hypertension
(HTN) in children undergoing treatment for pediatric ALL.

Current Hypertension Guidelines

In 2017, the American Academy of Pediatrics published an updated clinical practice
guideline for the screening and management of high blood pressure in children and
adolescents. This guideline had not been updated since 2004, with the most
clinically relevant revision to include new normative pediatric blood pressure tables
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based on normal weight children (excluding overweight
and obese children) and including a simplified blood pres-
sure (BP) classification for adolescents >13 years of age
that aligns with adult BP guidelines.*> Other changes
include replacement of the term “pre-hypertension” with
“elevated blood pressure” for values that are >90th per-
centile but <95™ percentile for age and height. For chil-
dren, thresholds for the definitions of elevated blood
pressure and HTN according to age and height remain
the same: blood pressure >90th and <95th percentile des-
ignates elevated blood pressure and >95th percentile indi-
cates HTN. For adolescents >13 years of age, the criteria
for high blood pressure now align with the updated adult
guideline that defines measurements >120/80 as elevated
blood pressure and >130/80 as meeting criteria for HTN.
See Table 1 for a detailed side by side comparison of the
new and old guidelines.

Rates of Hypertension

As previously stated, data on the incidence and prevalence
of HTN in pediatric ALL patients are limited. In the
general pediatric population, the prevalence of HTN in
children and adolescents is approximately 3.5%, with ele-
vated blood pressure occurring in another 2.2 to 3.5% of
children.* For pediatric patients receiving treatment for
ALL, 12-45% of patients who were normotensive before
starting ALL therapy developed HTN during induction
chemotherapy.® ' In a large study of 5578 unique patients
receiving induction chemotherapy, 14.7% received anti-
HTN medications during their initial hospital admission.”
This HTN is generally asymptomatic and typically
resolves in the majority of patients by day 90 of
treatment.®'® This wide incidence range may be related
to heterogeneity in ALL treatment protocols (with highest
incidence rates in older when

reported regimens

chemotherapy was more frequently combined with radio-
therapy), inconsistent categorization of HTN, as well as
the wvariations in patient populations among different
studies.'" Prior to 2017 and version 5.0 of the US
National Cancer Institute’s Common Terminology
Criteria for Adverse Events (CTCAE), HTN was specified
based only on adult HTN definitions which likely contrib-
uted to the inconsistent categorization as well as likely
underestimated pediatric HTN Table 2. For example,
recent published COG studies for standard and high-risk
acute lymphoblastic leukemia report HTN in 2.8-4.6% of
patients treated on these protocols.'*'?

Fewer data are published regarding the prevalence of
HTN at the time of presentation in patients with newly
diagnosed ALL. Attard-Montalto et al described a small
cohort of patients in which 27% were found to be hyper-
tensive at the time of presentation. All reported patients
were normotensive at follow up by 18 months after initia-
tion of induction chemotherapy.’

Steroid-Induced Hypertension

One of the factors contributing to improved cure rates in
pediatric ALL has been the intensive use of glucocorticoids
during induction therapy and as pulse therapy during main-
tenance. It has been extensively documented that glucocorti-
HTN. The
corticosteroid-induced HTN is the overstimulation of the

coids induce principal mechanism of
mineralocorticoid receptor. This results in sodium retention
in the kidney, followed by volume expansion, and
a subsequent increase in blood pressure.® Studies have
demonstrated decreased odds for developing HTN in those
treated with dexamethasone, with its lesser mineralocorticoid
potency, compared to prednisone.”'® There is also evidence
for altered hypothalamus—pituitary—adrenal axis functioning

in systemic HTN.'* One study evaluated the genotypes for

Table | Comparison of Definitions of the Updated 2017 American Academy of Pediatrics Clinical Practice Guideline for Screening

and Management of High Blood Pressure in Children and Adolescents versus the 2004 Fourth Report on the Diagnosis, Evaluation,

and Treatment of High Blood Pressure in Children and Adolescents

2017 AAP CPG 2004 Fourth Report
<13 Years 213 Years
Normal BP <90th percentile <120/<80 <90th percentile
Elevated BP* 290th to <95th percentile or 120-129/< 80 120-129/<80 290" to <95™ percentile or >120/80
Stage | HTN 295th to <95th percentile + 12 mmHg or 130/80 to 139/89 130-139/80-89 295th to <99th percentile + 5 mmHg
Stage 2 HTN 295th percentile + 12 mmHg or 2140/90 2140/90 299th percentile + 5 mmHg

Notes: *Referred to as “pre-hypertension” in the 2004 Fourth Report. Data from Flynn JT, Kaelber DC, Baker-Smith CM, et al. Clinical practice guideline for screening and
management of high blood pressure in children and adolescents. Pediatrics. 2017;140:3* and Falkner B, Daniels SR. Summary of the fourth report on the diagnosis,
evaluation, and treatment of high blood pressure in children and adolescents. Hypertension. 2004;44(4):387-388.*
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Table 2 Comparison of Version 4.0 and Version 5.0 of the National Cancer Institute’s Common Terminology Criteria for Adverse

Events (CTCAE) Grading (https://ctep.cancer.gov/protocoldevelopment/electronic applications/Ctc.htm)*!

Systolic/diastolic
BP >90th
percentile but
<95th percentile
Adolescent: BP
2120/80 even if
<95th percentile

hours); symptomatic increase
b >20mmHg (diastolic) or to
>140/90mmHg; monotherapy
indicated initiated

Pediatric and adolescent:
recurrent and/or persistent
(224 hours) BP >ULN;
monotherapy indicated; systolic
or diastolic BP between 95th
percentile and 5mmHg above
99th percentile

Adolescent: Systolic between
130-139 or diastolic between
80-89 even if <95th percentile

Pediatric and adolescent:
Systolic and/or diastolic

>5mmHg above 99th percentile

Grade | Grade 2 Grade 3 Grade 4 Grade 5
CTCAE | Prehypertension | Stage | hypertension (systolic Stage 2 hypertension (systolic Life-threatening consequences | Death
Version (systolic BP 120— | 140—-159mmHg or diastolic BP | BP =160mmHg or diastolic BP | (eg, malignant hypertension,
4.0 139mmHg or 90-99mmHg); medical 2]100mmHg); medical transient or permanent
diastolic BP 80— | intervention indicated; intervention indicated; more neurologic deficit,
89mmHg) recurrent or persistent (224 than one drug or more hypertensive crisis); urgent
hours); symptomatic increase intensive therapy than intervention indicated
by >20mmHg (diastolic) or to | previously used indicated Pediatric: Same as adult
>140/90mmHg if previously Pediatric: Same as adult
WNL; monotherapy indicated
Pediatric: recurrent or
persistent (224 hours) BP
>ULN; monotherapy indicated
CTCAE | Adult: Systolic Adult: Systolic BP 140— Adult: Systolic BP 2160mmHg | Adult and Pediatric: Life- Death
Version BP 120- I159mmHg or diastolic 90— or diastolic BP 2100mmHg; threatening consequences (eg,
5.0 139mmHg or 99mmHg if previously WNL; medical intervention indicated; | malignant hypertension,
diastolic BP 80— | change in baseline medical more than one drug or more transient or permanent
89mmHg intervention indicated; intensive therapy than neurologic deficit,
Pediatric: recurrent or persistent (224 previously used indicated hypertensive crisis); urgent

intervention indicated

203 candidate polymorphisms in genes likely to affect the
pharmacokinetics or pharmacodynamics of glucocorticoids
and other anti-leukemic agents in childhood ALL patients
with HTN. This study only found variants in candidate genes
affecting the alteration of the hypothalamus—pituitary—adre-
nal axis function in hypertensive pediatric ALL patients, and
not with polymorphisms associated with the mineralocorti-
coid receptor.®

Risk Factors for the Development of
Hypertension

Certain risk factors unrelated to leukemia or its treatment
are known to increase the risk of developing HTN in
children. Family history is a well-defined independent

risk factor for development of HTN, especially if one or
both of a child’s biological parents have HTN.'> Obesity is
also a known risk factor for the development of HTN in
children, and obese children have an approximately 3
times higher risk of HTN requiring intervention than
their normal-weight counterparts (consistent with data
demonstrating that obese patients receiving induction and
consolidation phases of chemotherapy for ALL are 3 times
more likely to require treatment for their HTN).>'® The
prevalence of elevated BP is higher among Hispanic and
non-Hispanic African American children compared with
non-Hispanic white children, and according to the new BP
guidelines from the AAP, high BP is consistently greater in
boys than in girls (15-19% vs 7-12%).*
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Many additional risk factors have been identified that
increase the risk for development of HTN in children in
the ALL population, including exposure to corticosteroids,
cytotoxic drugs, and cranial radiation.'” For a certain sub-
set of pediatric ALL patients, specifically those with ALL
blasts positive for the Philadelphia (PH) chromosome and
PH-like ALL alterations, an additional drug class of tyr-
osine kinase inhibitors (TKIs) is added to the treatment
regimen to target and inhibit the fusion protein produced
by the chromosome translocation. HTN is a known side
effect of most TKIs, though HTN Incidence varies for
each drug in this class and is influenced by dose, preexist-
ing conditions, and indication for TKL.'® Fortunately, in
recent decades, cumulative doses of potentially cardiotoxic
treatments for ALL have been reduced and cranial radio-
therapy is only used very rarely in children, primarily
those with very high risk features or those who relapse
with central nervous system disease.'® In addition to these
factors, blood transfusions, pain, and infections may lead
to transient or temporary elevated blood pressure which
may not require long-term management interventions.’

Additional studies have demonstrated that acute kidney
of BP
abnormalities.”® Childhood ALL patients require aggres-

injury (AKI) is an independent predictor
sive IV hydration during early treatment and are at risk
of tumor lysis syndrome (TLS), with most studies noting
an incidence of 20 to 45%.%"** TLS increases the risk
of AKI and presence of hyperuricemia at diagnosis is an
independent risk factor for HTN development during
induction chemotherapy.® Patients with ALL are also at
increased risk of sepsis, which greatly increases risk of
AKI.?*?* Renal leukemic infiltration has also been identi-
fied as a risk factor in HTN development for these
patients; however, in one study only 15.6% of patients
with renal leukemic infiltration suffered from HTN, sug-
gesting that renal leukemic infiltration alone is not
causative.® Nevertheless, these are some of the more sig-
nificant factors that suggest that the leukemic process itself
may be an important contributing etiologic factor.

Consequences of Hypertension

Hypertension causes accelerated vascular aging as well as
a variety of other unwanted long-term sequelae leading to
end-organ damage.* HTN has also been found to be the
most significant risk factor for development of posterior
reversible encephalopathy syndrome (PRES) during pedia-
tric cancer treatment.”> Additionally, HTN increases the
risk for the development of renal parenchymal disorders

and symptomatic osteonecrosis.®*® Many previous studies
have also shown that HTN during childhood is an inde-
pendent risk factor for HTN as an adult.>*

Risks for ALL Survivors

Children undergoing treatment for ALL are exposed to che-
motherapy and radiotherapy during a critical period of their
physiologic development and are vulnerable to side effects
and complications from cancer treatment, increasing their
risk of long-term effects, both morbidity and mortality.
Many previous studies have demonstrated that childhood
ALL survivors are at an increased risk of cardiovascular
disease including HTN, heart failure, coronary artery disease,
atherosclerosis, cardiac arrest, and stroke compared with the
general population.’’>° The prevalence of HTN in child-
hood ALL survivors may be as high as 37%, or 2.5 times that
of the general population.®® In addition to the risk
of cardiovascular disease, 12—-39% of childhood ALL survi-
vors develop features of metabolic syndrome including obe-
sity, insulin resistance, and dyslipidemia.''*'"** Childhood
cancer survivors have been found to be about 8 times more
likely to die due to cardiac-related events compared to the
general population.** Additionally, one large study found
that HTN was a significant risk factor for the occurrence of
potentially fatal cardiac events in survivors, independent of
cancer therapy-related risk.*> Although some changes in
therapy have been made over time, as discussed above with
lesser cranial radiation, many of these factors for risk of HTN
in childhood ALL survivors remain.

It has been well described that the rate of HTN in
childhood ALL survivors is significantly higher than that
of the healthy population; however, the mechanism for this
is not fully understood. The toxic effects of chemotherapy
on the developing cardiovascular system are known to
cause damage to endocrine organs affecting hormones
throughout the body, afflict the vascular endothelium affect-
ing its function, and alter adipose tissue metabolism.*®

Challenges to Recognition and
Management of Hypertension in the

Hospital

Children with new diagnoses of ALL typically start their
first cycle of chemotherapy, known as induction or reduc-
tion chemotherapy, while admitted to the hospital.
However, while pediatric HTN has been well studied in
the ambulatory setting, with the 2017 AAP guidelines
based entirely on BP readings of healthy children in
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a highly controlled ambulatory setting, our understanding
of elevated BPs and HTN in hospitalized children remains
limited.*” Many challenges exist in the inpatient setting for
recognizing and managing HTN in a manner similar to
that in the outpatient setting, as with ambulatory BP
monitoring.*® First and foremost, accurate blood pressure
monitoring in the inpatient setting can be practically quite
difficult. Imprecise blood pressure measurements are fre-
quently observed in the hospitalized pediatric population
and are affected by physiologic conditions unique to the
inpatient setting that cause transient elevations in blood
pressure. Several issues contributing to this include the
young age of this population, patients’ agitation, anxiety,
or pain, location of BP measurement, improper use of
automatic BP machines, and concomitant medications.
For many reasons, elevated BP recordings may go unrec-
ognized or may be readily attributed to these confounding
factors in the inpatient setting. It is imperative for provi-
ders to carefully analyze BP readings of hospitalized chil-
dren to determine if elevations are due to a treatable cause
such as pain or anxiety or are an indication of true HTN.?’

A second significant challenge is the increasing evi-
dence, primarily in adult literature but also in pediatric
literature, that treatment of inpatient hypertension, or
intensification of an antihypertensive regimen in the inpa-
tient setting, does not always improve outcomes, including
improved BP control outpatient, subsequent AKI, myocar-
dial injury, or stroke.>® For this reason, we present for
consideration the recommended treatment algorithm
below for severe or persistently sustained HTN while
attempting to avoid treating transient, non-sustained
HTN. In this manner, HTN which is more likely to lead
to long-term compromise can be managed more rapidly,
while reducing the risk of treating HTN that is less likely
to cause on-going or escalating physiologic damage and
consequences.

While hypertensive emergencies are uncommon in this
population, it is critical that they are recognized quickly
and treated appropriately. More commonly in this popula-
tion and in the hospital setting, persistent mild to moderate
blood pressure elevations are observed. Appropriate man-
agement depends upon the correct clinical distinction of
not only hypertensive emergencies, but also hypertensive
urgencies versus persistent HTN. The clinical practice
guidelines are helpful by providing relative cut-offs for
hypertensive definitions, but clinical judgment must
always play a role in distinguishing persistent HTN from
the characteristics of a hypertensive crisis, including

identifying signs of end organ damage in the case of
emergencies. In the inpatient setting, unless patients have
longstanding HTN, which is unlikely to resolve in the
short term (ie, over a period of days), treatment decisions
should revolve around the prevention of complications of
acute, symptomatic HTN and the prevention of chronic

renovascular disease.’”

Inpatient Approach to
Hypertension in Pediatric ALL

Patients

In the setting of an elevated BP reading in the hypertensive
range of >95th percentile or >130/80 in those 13 years or
older, first obtain a repeat blood pressure taken manually,
in an upper extremity, ensuring appropriate cuff size for
patient, and when patient is calm. Evaluate for possible
medical causes of elevated BP including pain, agitation,
anxiety, increased ICP, volume overload, or medications.
Medications known to cause elevated BP include corticos-
teroids, stimulants, sympathomimetics (including deconge-
MAQOIs,
discontinuation of clonidine or beta blockers. If an identi-

stants), some OCPs, as well as abrupt
fiable cause for elevated BP is suspected, treatment for that
cause is indicated and repeat blood pressures should be
obtained after appropriate treatment. If repeat BP is <95th
percentile +12 mmHg or <140/90 (whichever is lower),
continue to monitor per institutional standards and good
clinical judgement. If BP remains elevated on repeat man-
ual BP measurement of >95™ percentile + 12 mmHg or
>140/90, continue down the inpatient algorithm (Figure 1).
If a patient has symptomatic HTN including altered mental
status, chest pain, dyspnea, EKG changes, papilledema, or
any other evidence of end organ damage, manage the
patient as an hypertensive emergency, consult nephrology
colleagues, and consider transfer to higher level care/ICU
for closer monitoring and intervention.

If patient meets criteria for HTN but is asymptomatic
or has only mild, non-specific symptoms (like mild head-
ache or nausea), proceed down the left-hand side of the
inpatient algorithm. Assess for AKI with labs (ie, basic
metabolic panel including phosphorus), urinalysis, and
echocardiogram (if patient does not have a recent echo-
cardiogram). The patient's fluid balance should be moni-
tored with strict intake and output measurements, along
with daily weights. If any of these assessments are abnor-
mal, nephrology consult (with or without cardiology con-
sult, depending on individual institutional standards) and

Integrated Blood Pressure Control 2022:15

https: 5

Dove:


https://www.dovepress.com
https://www.dovepress.com

Murphy et al

Dove

renal ultrasound may be indicated. Simultaneously, while
lab and imaging workups are underway, evaluate for the
presence of hypertensive risk factors inpatient including
corticosteroid use, family history of HTN, medications
known to elevate BP, any history of HTN for patient,
history of AKI, prematurity, or known renal anomalies. If
the patient has evidence of volume overload as a possible
cause for HTN, treat with IV diuretics such as furosemide
or bumetanide, and monitor BP following treatment. If no
evidence of volume overload exists in the patient, inter-
mittent as-needed medications can be administered to
lower BP, based on severity of BP elevation or known
risk factors for HTN (see Figure 1). If the patient con-
tinues to require PRN medications for elevated BP after 1-
2 days, consult nephrology (if not previously consulted)
and start a maintenance antihypertensive, such as amlodi-
pine, if HTN is persistent.

Amlodipine, a calcium channel blocker that is
a vasodilator used to improve blood flow, is often the long-
acting medication of choice as it is well tolerated and has
been well studied with a favorable side effect profile in
children (no increased risk of AKI). The primary side
effects include edema often in the lower extremities and
gingival hypertrophy, both of which are dose dependent
and typically reversible within 2—3 months of cessation of
the medication. Diuretics, such as the thiazide diuretics,
may also be helpful, especially in the setting of steroid
therapy or if volume retention has been an issue.
Angiotensin-converting enzyme (ACE) inhibitor and
angiotensin receptor blocker therapy is typically a first
line in pediatric HTN but often avoided in the inpatient
setting due to risk of AKI, especially when used in patients
who are receiving concomitant or multiple nephrotoxic
agents. However, these medications can be very effective
and can be successfully used with close monitoring for
AKI and in patients without notable risk factors for AKI.
Application of a clonidine patch or scheduled oral cloni-
dine can be an alternative, though not usually as first line
intervention. Additionally, while beta blockers are alterna-
tives, they are typically not as well tolerated in the pedia-
tric population.

After starting long-acting oral medication for BP con-
trol, after 2-3 days of consistent dosing or steady state
based on half-life of the agent, assess whether BP is
improved to <95™ percentile or <140/90. If BP has
responded appropriately to medication by meeting these
criteria, continue the current dose of the medication. If BP
remains elevated after 2-3 days of consistent dosing/steady

state of the medication, increase the dose and reassess BP
after 2-3 days/steady state at the new dose. If BP responds
to the higher dose of medication, continue treating at this
dose. If BP has not responded after increasing dose,
nephrology consult is indicated at this time for assistance
with further management of HTN.

Outpatient Follow-Up

All patients with childhood ALL should have blood pres-
sures measured at all visits. Those who had been referred
to nephrology or cardiology consultants during admission
should continue to follow-up with the relevant consultants
as outpatients in conjunction with their prescribed oncol-
ogy care. Patients who develop or continue to have blood
pressures in the hypertensive range (>95™ percentile or
>130/80 for adolescents), should be referred for further
evaluation and 24-hour ambulatory blood pressure moni-
toring (ABPM). Likewise, those who are on treatment but
remain in the hypertensive range should be referred for
ABPM. When the HTN resolves, children >6 years old on
amlodipine with doses of 5 mg or less may discontinue
and if the dose is >5 mg per day, decrease by half the dose
and then stop after 2 weeks if remaining normotensive.
Likewise, for younger children, if dose is greater than the
starting dose, decrease the dose by half and then if they
remain normotensive, discontinue after two weeks. For
thiazide diuretics, if at the recommended starting dose
for age, patients can discontinue and monitor for weight
gain and/or increased BP. If treated above the starting dose
for age, consider decreasing the dose by half and then
stopping after 1-2 weeks if patients remain normotensive.
If blood pressure increases to >95™ percentile for age
during weaning or after discontinuation, referral for eva-
luation and a 24-hour ABPM is most appropriate. Please
see Figure 2 for an algorithmic approach.

Patients with other identified risk factors for HTN,
such as other cardiac disease or obesity, in addition to
ALL and steroid treatment are those that are most likely
to continue to require antihypertensive medication after
ALL treatment. Those patients who had AKI during their
treatment may require antihypertensive therapy longer,
with possible discontinuation, as compared to those who
did not have AKI. All patients with sustained HTN are at
increased risk for recurrence of HTN as compared to their
counterparts without sustained HTN. Thus, patients with
ALL and especially those who required treatment for
HTN, should be counseled for the need for at least annual
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BP= osth percentile

or > 130/80 in
adolescents

A4
Repeat BP with manual

measurements®. Assess and treat for other
causes of high blood pressure: pain,

agitation, medicationsb, increased ICP

BP remains > 95%ile
or > 140/90 in
adolescents

Persistent, asymptomatic [ "
BP = 95%ile or > 140/90 in |Severe BP elevation? or “:;v ;;:E]zp;loe;;t:t; a
adolescents with risk factors acute increase without P
for hypertension® end organ dysfunction organ dysfunction
L
- " \4
If AKI, consult . X X Treat as hypertensive

nephrology and obtain [€——— Evaluate further w1_th labs_, echoca._rdxogram, urine emergency with controlled
e e ¢ Perform daily weights, strict I&O BP reduction and tight BP

control for patients with

PRES: consider transfer to
ICU, consult nephrology or|
cardiology

Evidence of volume overload?

' |

no yes i
Treat with IV diuretics
(furosemide,
bumetanide)
| 4
Oral clonidine or Treat with IV labetalol or if < 1

years old or with asthma or other
contraindications a IV dose of
hydralazine or nicardipine®

isradipine prn&

Acute increase in BP
warrants reduction over ‘
hours to 1 day to goal of <
95%ile or <130/80 for ‘
adolescents /

Gradual BP lowering over ‘
1-2 days or more to goal of |
< 95%ile or <130/80 for
adolescents

.

If requiring prn medications, start

maintenance antihypertensive'

Figure | Inpatient hypertension algorithm pediatric patients with acute lymphoblastic leukemia. *Ensure appropriately sized cuff, taken in upper extremity when patient is
resting and calm. ®Medications that can cause hypertension include corticosteroids, stimulants, sympathomimetics (decongestants), MAOIs, some OCPs, and abrupt
discontinuation of clonidine or beta blockers. “Common risk factors in addition to corticosteroid exposure include prematurity, family history of hypertension, past history
of acute kidney injury, chronic kidney disease, coarctation of the aorta, certain genetic syndromes. 9Severe elevation is typically defined as >30 mmHg above the 95th
percentile for age, height, and sex or > 170/110; however, there is no precise measurement cut-off due to presence or risk of end organ dysfunction. *Hypertensive
encephalopathy including seizures and manifestations of PRES, AKI due to hypertension, heart failure. fRecommend renal ultrasound without Doppler as sensitivity for
renovascular hypertension is limited with Doppler and a CT angiogram or MR angiogram are recommended for high suspicion of renovascular hypertension. Clonidine initial
starting dose: 2-5 mcg/kg/dose every 68 hours as needed, up to 10. mcg/kg/dose. Isradipine initial starting dose: 0.05-0.1 mg/kg/dose every 6-8 hours as needed, maximum
starting dose of 2.5 mg per dose. "Labetalol initial starting dose: 0.2—| mg/kg/dose every 4—6 hours as needed, up to 40 mg per dose. IV Hydralazine initial starting dose: 0.1—
0.2 mg/kg/dose every 4-6 hours as needed, max of 20 mg per dose. IV Nicardipine initial starting dose: 30 mcg/kg/dose, maximum of 2 mg per dose as optional bolus prior to
starting IV infusion in ICU. " Amlodipine initial starting dose for children <6 years: 0.1 mg/kg/day divided 1-2 times per day, For children >6 years, initial dose of 2.5 mg once
daily; Ace-inhibitors can also be considered with starting dose of lisinopril 0.07 mg/kg/day once daily, with maximum initial dose of 5 mg/day.

Abbreviations: BP, blood pressure; AKI, acute kidney injury; PRES, posterior reversible encephalopathy syndrome.
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Monitor BP at all visits, if BP
_ W " >90™ 9%ile or >120/80 in
Patient evaluated by L » |adolescents, repeat and average

sub-specialist ﬁlpaﬁentﬁ 2 additional BP measurements

(manual if available)
Yes
SN (R
y b \ 4
’,:/Continued oqtpaﬁent‘ . erazelBE N Avezage B? .m stage 1
follow-up with sub- BP normal elevated® range x 3-4 HTN® x 2 visits or stage
visits 2 HTNY x 1-2 visits

specialist

/

) \ 4 L J

( . et | No : y
Continue monitoring On anti-hypertensive
BP at all visits medication?
2 % .

Yes

Consider sub-specialty

eferral and obtain ABPM

\ 4

If BP remains normal for at
least 1-2 months, may
discontinue if at starting dose
or decrease dose by 50% and
then discontinue if remains
normal for 2 weeks

A
\_ ( BP normal on W W,
Yes reassessment? J No

Figure 2 Outpatient hypertension in pediatric patients with acute lymphoblastic leukemia. *Normal blood pressure is defined as <90th percentile for age and gender or
<120/80 for adolescents. ®Elevated blood pressure is defined as 290th percentile for age and gender and <95th percentile or 2120/80 and <130/80 for adolescents. “Stage |
hypertension is defined as 295th percentile for age and gender and <95th percentile + 15 mmHg or 2130/80 and <140/90 for adolescents. Stage 2 hypertension is defined as
295th percentile + |5 mmHg or 2140/90 for adolescents. The definitions are based on those from the 2017 clinical practice guideline for screening and management of high
blood pressure in children and adolescents.

Abbreviations: BP, blood pressure; HTN, hypertension; ABPM, 24-hour ambulatory blood pressure monitor.

visits with blood pressure assessment and follow-up of any  especially during the first (induction or reduction) phase of

elevated blood pressures. therapy are significant. Many pediatric patients with ALL
require antihypertensive medications during some portion

Discussion of their treatment. However, clear guidelines on treating

Hypertension is a well-known but under-recognized com-
plication in children undergoing treatment for pediatric
ALL. As described, the rates of HTN in pediatric patients,

inpatient HTN in this population are lacking as well as on
monitoring and continuation versus cessation of anti-HTN

therapy as an outpatient.
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Most importantly in this population, while elevated
BPs may be common, if not recognized and treated
promptly, significant consequences can result. Treatment
recommendations for children with HTN are based on the
goal of preventing long-term systemic complications. This
goal should be the same for pediatric ALL patients.
However, for most children, elevated blood pressures are
subacute and resolve before the end of therapy. While
longstanding HTN is unlikely, especially if diagnosed in
the inpatient setting, clinical detection of hypertensive
urgencies and emergencies is of utmost importance to
prevent acute, symptomatic HTN complications as well.

Hypertension is a common acute and late complication
of pediatric leukemia treatment. Additionally, patients who
were treated for HTN previously have increased long-term
risk of recurrence of HTN and immediate assessment and
intervention may be indicated. These patients should have
long-term monitoring for recurrence of HTN.

A standardized approach for accurately diagnosing and
treating HTN in pediatric ALL patients has not existed con-
sistently and is an unmet medical need for children with ALL.
While the HTN guidelines for pediatrics as a whole can be
helpful, patients with childhood ALL represent a unique popu-
lation with several key factors to consider when diagnosing
HTN. These include the confounding factors of accurate blood
pressure monitoring in the inpatient setting, as well as the
complicating aspects of leukemia treatment that predispose
these children to blood pressure elevations, including steroids.
We must recognize in this population that the fixed cut-offs
proposed in the HTN guidelines are important to apply as
a foundation for diagnosis, but that individual patient charac-
teristics and other factors are critical to incorporate in the
medical decision-making process.

Herein we propose an algorithmic approach to diag-
nose and treat pediatric ALL patients with HTN. Applying
this standardized methodology for HTN in this population
will allow for further future prospective and longitudinal
studies to better assess the long-term outcomes and results
of adequate treatment. In addition to the management
suggestions proposed here, close long-term outpatient fol-
low-up is needed for further monitoring of blood pressures
along with titration or discontinuation of antihypertensive
medication when applicable. The ultimate goal of treat-
ment of childhood ALL is to cure patients and help them
to have high-quality survivorship and healthy adult lives.
Vigilant blood pressure management during therapy and
careful follow-up care are essential components to ulti-
mately achieving the best care for patients.
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