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Objective – This study was done to assess the incidence of missed ele-
vated blood pressure readings at two large outpatient clinics. Methods 
– We randomly selected 250 charts from all pediatric well child visits 
seen at the two sites during 2014. Recognized elevated blood pres-
sure was the primary outcome. We reviewed the charts to determine 
if systolic and/or diastolic blood pressure was greater than the 90th 
percentile for age, gender and height or greater than 120/80 mmHg 
in patients without a previous history of elevated blood pressure. The 
charts were then reviewed to see if the practitioners in any way rec-
ognized the elevated blood pressure reading, either by repeating the 
reading, a clinic note documenting the high reading, a plan to recheck 
in the future, relevant lab work, imaging, or a referral to a pediatric 
cardiologist or nephrologist. Results – There were 72 (28.8%) chil-
dren with elevated blood pressure readings. Twenty nine (40.3%) of 
these children were recognized as having elevated readings based on 
the criteria listed above. Twelve of these 29 children had other inter-
ventions taken. Forty three of these 72 children (59.7%) were not 
recognized and no intervention was taken. Conclusion – Almost 60% 
of children with elevated blood pressure readings taken as part of the 
well child visit were not recognized in provider documentation. Prac-
titioners should be aware of this common pediatric diagnostic error. 
Appropriate measures such as training, use of a blood pressure simpli-
fied charts, or electronic alerts should be taken to reduce the amount 
of missed diagnoses.

Introduction

Hypertension is an increasing high problem 
in pediatrics with the incidence increasing 
over the past 20 years from approximately 
1% of children to as high as 4.5% (1). And 
recent data from the American Heart Asso-
ciation estimates that as many as 15% of ado-
lescents have elevated blood pressure readings 
(2). A number of children already have left 
ventricular hypertrophy at the time of diag-
nosis (3). Some of the increase could be ex-

plained by the obesity epidemic. Because of 
the significance of hypertension causing long 
term morbidity and increased mortality, the 
American Academy of Pediatrics recommends 
blood pressure checks at every well child visit 
from age 3 years onward. Despite this guide-
line, pediatricians have been shown to under-
diagnose hypertension in children (4).

The definition of hypertension in chil-
dren and adolescents is based on the norma-
tive distribution of BP in healthy children. 
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Hypertension is defined as average systolic 
blood pressure (SBP) and/or diastolic blood 
pressure (DBP) that is greater than or equal 
to the 95th percentile for sex, age, and height 
on three or more occasions. Pre-hypertension 
is defined as average SPB and/or DBP lev-
els that are greater or equal to the 90th per-
centile but less than the 95th percentile As 
with adults, adolescents with blood pressure 
readings greater or equal to 120/80 mmHg 
should be considered elevated. The preferred 
method for blood pressure measurement is 
auscultation with a cuff that is appropriate 
for the child’s upper arm. Thus for an infant 
this usually means a cuff that is 6 cm wide 
and 12 cm in length. For a child the usual 
size is 9 cm wide and 18 cm in length. For an 
adolescent with a maximum arm circumfer-
ence of 26 cm the cuff would need be 10 cm 
wide and 24 cm in length (2).

This under-diagnosis, missed diagnosis, is 
one form of diagnostic error, the other forms 
being delays in diagnosis and wrong diagnosis 
(5). These errors appear to be very common 
in the outpatient setting. A recent survey of 
pediatricians in the United States of America 
(USA) reported that 54% make a diagnos-
tic error at least once or twice a month; that 
45% make an error that harms a patient at 
least once or twice a year and that even these 
high percentages are under-estimated (6).

Hypertension in children is almost always 
asymptomatic. When the elevated blood 
pressure readings are repeated and consis-
tently high, the usual cause in adolescents is 
familial or secondary to obesity. In younger 
children, the etiology is often organic, caused 
by renal disease (68%), endocrine (1%), re-
novascular (10%), and then cardiac, neuro-
logic or pharmacologic (7).

There have been very few studies research-
ing outpatient pediatric patient error, wheth-
er due to delays, wrong diagnosis, or missed 
diagnosis (8, 9). We developed a project to 
research the incidence of missed diagnoses of 

elevated blood pressure readings in two large 
outpatient clinics in Central New Jersey (NJ).

Subjects and methods

We randomly selected 250 pediatric charts 
from two outpatient practices, staffed by 12 
pediatricians, who were seen during 2014 for 
well child care. The practices are the Family 
Health Center in Neptune NJ and a federally 
qualified public health center in Lakewood, 
NJ. These practices care for children who are 
approximately 50% Latino, 30% Caucasian, 
and 20% African-American. Each site cares 
for over 3000 children each year. Charts were 
assigned based on age ranges so that there was 
representation from preschool, school aged 
and adolescent populations. All patients had 
been seen for well child care within the previ-
ous six months. Auscultation of blood pres-
sure was the method used in both practices. 
We did not have details of the actual blood 
pressure device. 

Each chart was reviewed to see if the SBP 
and/or DBP recorded was above the 90th per-
centile based on the child’s age, gender, and 
height, or greater than 120/80 mmHg for 
any patient. Age of the patient and the actual 
elevation of blood pressure were recorded. 

The charts were then reviewed to see if 
the elevated blood pressure was recognized 
by the pediatrician. Evidence of recognition 
included evidence that the blood pressure 
measurement was repeated at that visit, that 
the clinic note mentions the elevated blood 
pressure, that a plan was written that calls for 
a re-check, that relevant lab work or imaging 
was ordered, or that a referral was made to 
cardiology or nephrology.

Ethics statement

The research was approved by the Jersey Shore 
University Medical Center IRB. All proce-
dures are in accordance with the Declaration 
of Helsinki. IRB approval was received prior 
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to the chart review. Since the charts were as-
sessed for only de-identified demographic 
and blood pressure data, informed consent 
was not required by the IRB.

Statistical analysis

Data was analyzed using Excel Spread Sheets 
and presented as numbers and percentages of 
cases.

Results

The children ranged in age from 3 to 18 years 
of age, with similar numbers of children from 
each age range (Table 1). 

Table 1 Age distribution of primary care charts 
reviewed for blood pressure

Age 
(years)

Numbers of 
charts (250 total )

Number 
of males

3 5 3

4 9 4

5 12 7

6 20 12

7 20 9

8 22 14

9 24 11

10 30 17

11 12 7

12 14 6

13 12 6

14 14 8

15 12 5

16 44 28

There were 72/250 children (28.8%) with 
blood pressure readings greater than the 90th 
percentile for SBP and/or DBP. Of these 72 
children, 29 of them (40.3%) were recognized 
by the pediatrician as having elevated blood 
pressure and had their blood pressure repeat-
ed. Of these 29 recognized elevated blood 
pressure recordings, 12 had high readings on 
more than one occasion and other interven-

tions were instituted (lab work, imaging, or 
referral to a cardiologist or nephrologist). The 
age distribution for the elevated blood read-
ings was similar to the distribution for the age 
range on the chart review (Table 2). 

Table 2 Age distribution of missed elevated 
blood pressure readings

Age 
(years)

Number 
missed (43)

Number 
of males

3 3 3

4 3 2

5 2 1

6 3 2

7 3 2

8 4 3

9 4 2

10 5 2

11 2 1

12 2 0

13 2 2

14 3 2

15 2 1

16 5 3

Forty three of children (59.7%) with el-
evated readings were not recognized and no 
intervention was taken. Of these, 9 children 
(20%) had readings that were about the 95th 
percentile for age, gender and height.

Discussion

Diagnostic error in outpatient pediatric prac-
tice is only recently beginning to be investi-
gated. Graber et al. looking at internal medi-
cine found that inadequate knowledge was 
an uncommon reason for error (10). More 
common was failure to consider the diagnosis 
because of faulty synthesis or misjudging the 
salience of the findings. Singh used analysis 
of electronic records in primary care internal 
medicine and found significant diagnostic 
errors often due to erroneous clinician inter-
pretation of the results (11). Shojania et al. 
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found a 24% rate of diagnostic error based 
on autopsy detected error (12).

For pediatric elevated blood pressure, 
Brady et al. found 39% of children in their 
study of primary care pediatricians had el-
evated blood pressure readings and that these 
high readings were missed 87% of the time 
13). This missed diagnosis occurred despite 
clear guidelines for pediatric hypertension 
diagnosis (14). 

Croskerry et al. believes that a major rea-
son for error is cognitive error, failures of 
perception, now termed Cognitive Disposi-
tions to Respond (CDRs) (15). The CDR’s 
that would apply to missed diagnoses in-
clude overconfidence (acting on incomplete 
information) and omission bias (failure to 
consider the diagnosis). This may be more 

important than system issues. Most error in-
volves both cognitive and system causes and 
improvements need to address both (15).

Failure to recognize elevated blood pres-
sure is most often due to a failure to under-
stand the normal values for blood pressure 
tracking that occurs as a child ages. This 
tracking is also based on gender and height. 
Charts do exist to document these varying 
values, but most pediatricians do not remem-
ber the value changes, or do not have a sys-
tem to be alerted to an age specific elevated 
blood pressure reading (Fig.1). 

Thus a SBP of 105 mmHg is over the 
90th percentile for a 4 year old, and a DBP 
of 63 mmHg is over the 90th percentile for 
that same 4 year old. For a 10 year old a SBP 
over 115 mmHg is over the 90th percentile 

Fig. 1 Simplified chart for tracking blood pressure in children (boys)-chart attributed to Dr 
Tammy Brady MD, John Hopkins, presented with permission (18, 2).
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and a DBP of 76 mmHg is over the 90th 
percentile for that same 10 year old. Many 
pediatricians seem to be aware that 120/80 
mmHg is high in a pre-pubertal child but us-
ing this as the standard will miss a majority of 
elevated blood pressure readings (15). Brady 
developed an alert system for an electronic 
medical record system to notify pediatricians 
when an intake blood pressure was elevated. 
The alert was a hard stop and could only be 
overturned by selecting: a) provider needs to 
obtain manual blood pressure, or b) manual 
repeat completed. This did increase recogni-
tion of elevated blood pressure readings from 
12.5% to 42%, a significant improvement. It 
was surprising that over 55% of encounters 
were still missed (16).

There are a number of potential methods 
to decrease the missed blood pressure read-
ings. One is to have available an easy to fol-
low ‘cheat sheet’ that could be placed in ev-
ery examination room for easy analysis by age 
and gender at least for the blood pressure 90th 
percentile (Fig. 1). 

This would fit with several of Croskerry’s 
et al. strategies, decrease reliance on memory 
and making the task easier (15). Periodic 
chart reviews and feedback are also effec-
tive ways to make the issue more visible to 
doctors, as is general training about hyper-
tension in order to develop more insight 
and awareness of the problem. Redundancy 
in the office, a system solution whereby the 
pediatrician is augmented by the nurse who 
may have taken the blood pressure also hav-
ing some responsibility to review the blood 
pressure and make a notation based on the 
guidelines, can also be very useful (17).

The recommendations for screening for 
blood pressure include: 1) children greater 
than 3 years of age should have a blood pres-
sure taken, 2) the preferred method of blood 
pressure measurement is auscultation, 3) 
correct measurement requires a cuff that is 
appropriate to the size of child’s upper arm, 

4) elevated blood pressure readings must be 
confirmed on repeated visits before character-
izing the child as having hypertension and 5) 
measurements that exceed the 90th percentile 
obtained by oscillometric devices should be 
repeated by auscultation. Cuff size is calcu-
lated so that the largest arm diameter would 
still allow the bladder of the blood pressure 
cuff to encircle the arm by at least 80%.

As always the first step is to be aware that 
missed blood pressure readings are a signifi-
cant source of ambulatory diagnostic error 
and that the consequences of missed blood 
pressure can lead to major morbidity for that 
individual. As stated there are a variety of po-
tential solutions all dependent on someone 
in the practice making the concern a priority 
and using a quality improvement mindset to 
offer changes, measure impact and re-work 
based on the checked measures.

There are many aspects of ambulatory care 
that are subject to diagnostic errors. This re-
search focused only on missed elevated blood 
pressure readings. Many encounters with 
children miss important diseases. Often the 
clinic does not use evidence based screening 
tools and thus fails to detect such prevalent 
problems as autism, depression, developmen-
tal delays. These are also missed diagnoses. 
Many clinics are organized to care for epi-
sodic illness and are not medical homes that 
have systems in place to track their children 
with chronic illness. Thus they do not know 
who is regularly coming in for care and who 
is potentially not following protocol. Too of-
ten laboratory reports or radiologic results or 
consultant notes are missing from the chart 
at the time of the visit and thus misdiagnosis 
is possible. Electronic records provide some 
assistance to these issues but there needs to 
be much more research and understanding 
about the range of diagnostic error in outpa-
tient care  and its short and long term impact 
on child health. Medical error is not only in 
the province of hospital based medicine.
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