Infect Dis Ther
https://doi.org/10.1007/s40121-024-00957-8

o)

Check for
updates

REVIEW

Systematic Review of Heel Puncture-Related
Osteomyelitis of the Calcaneus in Newborn Infants

Vidmi Taolam Martin

Received: January 19, 2024 / Accepted: March 6, 2024
© The Author(s) 2024

ABSTRACT

Introduction: Heel puncture (HP) in neonates
can result in osteomyelitis if done non-asepti-
cally or with incorrect technique. This study
summarizes clinical experience with heel punc-
ture-related osteomyelitis of the calcaneus (HP-
CO) in newborns.

Methods: We systematically reviewed stud-
ies that examined HP-CO in newborn patients
using the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guide-
lines. Our search included the PubMed, Embase,
and Cochrane Library databases until Decem-
ber 31, 2023. We used the National Institutes of
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Health (NIH) assessment scale to evaluate the
quality of our analyzed studies.

Results: This study analyzed 15 neona-
tal calcaneal osteomyelitis (CO) cases due
to HP conducted in six countries from 1976
to 2016. The average age of the cases was
8.87+6.13 days, with an average birth weight
of 2367.27+947.59 g. The infants had under-
gone an average of 9.00+£8.90 HP, with 93.33%
exhibiting swelling. Staphylococcus aureus was
present in 80% of cases. Beta-lactam antibiot-
ics were used, with satisfactory outcomes in
53.33% of cases. However, in seven cases, three
patients had flatfoot due to calcaneal deformity,
and other complications were observed in some
patients after 7-8 years.

Conclusions: This study offers valuable
insights into a rare condition, including its epi-
demiology, clinical and laboratory character-
istics, and treatment options for infants with
HP-CO. To prevent the risk of osteomyelitis in
this vulnerable group of patients, increasing
awareness and maintaining strict aseptic tech-
niques is necessary. We recommend that infants
presenting with tenderness, redness, purulent
discharge, erythema, or fever and with a history
of repeated HP and swollen ankles should be
evaluated for suspicion of osteomyelitis.

A graphical abstract is avilable for this article.

Published online: 08 April 2024

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40121-024-00957-8&domain=pdf
http://orcid.org/0000-0003-0179-3906
https://doi.org/10.1007/s40121-024-00957-8

Infect Dis Ther

Graphical Abstract:

Systematic Review of Heel Puncture-Related Osteomyelitis of the

Calcaneus in Newborn Infants

Vidmi Taolam Martin'2*, MD, PhD, Ismail Ahmed Dhagey’, BSc, Hangtian Wu'?2, MD, PhD, Shaoyong Xu'2MD,
PhD, Bin Yu'"%, MD, PhD.

Heel puncture-related osteomyelitis of the calcaneus (HP-CO) is a rare medical
condition primarily affecting newborns. This condition is usually caused by

Staphylococcus aureus. If left untreated, HP-CO can lead to debilitating foot
deformities that can severely impact the patient's quality of life.

A systematic review using Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses (PRISMA) methodology and Agency for Healthcare Research and
Quality (AHRQ) standards identified 15 cases of HP-CO in neonates.
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Why carry out this study?

Blood samples from newborns in neonatal
units are often collected by puncturing the
baby’s heel.

Although this procedure is generally harm-
less, it can sometimes lead to neonatal
osteomyelitis of the calcaneus. This study
summarizes clinical experience with heel
puncture-related osteomyelitis of the calca-
neus (HP-CO) in newborns.

What was learned from this study?

The most common surgical interventions
to treat this condition involve incision and
drainage.

Methicillin, gentamicin, nafcillin, and cloxa-
cillin are the most frequently used antibiotics
to treat the infection.

However, the clinical efficacy of these treat-
ments is still unsatisfactory, with an overall
incidence of complications of 47%.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digi-
tal features for this article, go to https://doi.
org/https://doi.org/10.6084/m9.figshare.25328
848.

INTRODUCTION

Heel puncture (HP) is a common method used
to obtain blood samples from neonates in neo-
natal units [1]. However, this seemingly harm-
less procedure can sometimes lead to neonatal
osteomyelitis of the calcaneus (CO). Compared

to osteomyelitis in other bones, osteomyelitis
of the calcaneus is a rare condition with an inci-
dence rate of between 3% and 11% [2]. It can
develop after HP as a result of either local spread
of infection from the surrounding soft tissue
to the bone or direct inoculation by the lan-
cet, despite following an aseptic technique [3].
Unfortunately, there is very little peer-reviewed
literature on CO as a complication of HP, and no
recent reports have been published. This lack of
research limits the knowledge of this condition,
especially in low-income countries with limited
medical facilities, leading to underestimation of
this unusual complication. Therefore, this study
aims to summarize clinical experience with cases
of heel puncture-related osteomyelitis of the cal-
caneus (HP-CO) in newborn infants.

METHODS

Study Design and Identification

Three authors (VIM, IAD, and HW) inde-
pendently reviewed PubMed, EMBASE, and
Cochrane Library databases to find studies pub-
lished from database inception until December
31, 2023, in accordance with Preferred Reporting
Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) methodology. The search term of
(“osteomyelitis” OR “osteitis” OR “bone infec-
tion”) AND (“calcaneal” OR “calcaneus” OR
“heel”) AND (“Guthrie test” OR “heel prick test”
OR “capillary blood collection”) was used. Two
authors (HW and SX) independently reviewed
the references of the retrieved publications for
any relevant articles. Out of 2361 articles iden-
tified (Fig. 1), we assessed only 35, including
case reports, short reports, case series, confer-
ence abstracts, clinical correspondence, letters
to the editor, and retrospective studies. We
then included only full English texts of single
case reports and short report studies involving
individual cases of HP-CO in newborn infants,
regardless of the sufficiency of the data provided.
The data resulting from this review are summa-
rized in this article. We did not require ethics
committee approval as all the data we used are
publicly available.
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This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Inclusion and Exclusion Criteria

This research aimed to document occurrences of
calcaneal osteomyelitis (CO) in newborn infants
due to heel puncture (HP). Cases without bacte-
rial culture results, biomarker levels, or radio-
graphic imaging were excluded. Neonatal CO
cases without a diagnosis of HP-related osteo-
myelitis were also excluded.

Data Collection

The study examined basic demographic, clini-
cal, and treatment-related information (as listed
in Table 1), diagnostic modality outcomes, and
summary points (Table 2). Means, standard devi-
ation, or range of variables were calculated only
if specified for cases of HP-CO.

Risk of Bias Assessment

Two independent reviewers (VIM and IAD)
assessed the potential for bias using the National
Institutes of Health (NIH) quality assessment
tool for case series studies/case reports [4]. Since
all of the studies included were in the form of
a case report, certain items in Table S1 were not
applicable, including items 3, 4, 6, and 8. There-
fore, to meet the Agency for Healthcare Research
and Quality (AHRQ) standards, items 1, 6, and 7
must be present. If all three factors are present,
the study is considered “good.” If two factors
are present, it is considered “fair.” However, if
only one factor is present, the study is deemed
“poor” or of “insufficient quality.” Each reviewer
independently provided a score for each study,
and a total score was obtained for each category.

Statistical Analysis

Descriptive statistics were used to present
the data. The mean and standard deviation
were used to express continuous variables.

Unrelated excluded studies (n = 1579)

Non-English language studies (n = 8)
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- Cochrane Library, and 1 from references lists
£
- . .
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=
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2
=
&
Included studies in quantitative synthesis (n = 8)

Fig. 1 Flowchart of the screening process used to exclude or retain studies for the review of heel puncture-related osteomy-

elitis of the calcaneus in newborn infants
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Dichotomous variables were expressed as per-
centages. Statistical analysis was conducted
using SPSS 21.0.

RESULTS

This review examined 15 cases actross eight eli-
gible studies conducted in six countries from
1976 to 2016, with an increase in eligible stud-
ies in 1981 and 1999. The countries included in
the study were the USA [5, 6], Spain [7], Den-
mark [8], Croatia [9], Turkey [10, 11], and Israel
[12]. The USA had the highest number of cases
reviewed (62.50%), followed by Denmark and
Croatia (25.00% each) and Israel (12.50%).

Based on 15 cases from eight included studies,
the boy-to-girl ratio was found to be 1:1.5, with
six boys and nine girls. The average age of all the
cases was 8.87+6.13 days (range 1-22 days). The
mean age for boys was 4.67 £4.41 days (range
1-10 days), and for girls it was 11.67+£5.61 days
(range 6-22 days). More than 70% of the
patients were born by vaginal delivery, and the
average birth weight of all cases ranged from
1180 to 3910 g (mean 2367.27+947.59 g). The
overall mean gestational age ranged from 28 to
36 weeks (mean 33 +3.42 weeks).

Upon admission, the medical history of the
infants showed that they had undergone sev-
eral heel punctures, ranging from 1 to 30 (mean
9.00+8.90); 93.33% of these newborns exhibited
swelling, redness in 40% of cases, and pain in
6.67% on both their left and right heels (50%
each). During the physical examination, only
33.33% of the infants had a fever, while the skin
on the affected heel was oedematous in 13.33%
of cases and showed cellulitis in 13.33% of cases,
with marked erythema in 33.33% and tender-
ness in 40%. A purulent discharge was observed
in 33.33% of cases, with an overall symptom
duration ranging from 3 to 122 days (mean
33.38+40.52 days).

The following diagnostic methods were used
to determine inflammation markers upon admis-
sion: bacterial cultures (93.33%), white blood
count (WBC) (53.33%), erythrocyte sedimen-
tation rate (ESR) (33.33%), and C-reactive pro-
tein (CRP) (13.33%). Radiologic investigations

included X-rays (100% of cases) and magnetic
resonance imaging (MRI) (13.33% of cases).

In eight cases at admission, the WBC
ranged from 14.9 x 10 to 20.6 x 10°/L (mean
18.15£2.05). In five cases, the ESR values ranged
from 25 to 40 mm/h (mean 35+7.07). Only two
cases had available data for CRP values (24 and
510 mg/L). Bacterial cultures revealed Staphylo-
coccus aureus in 80% of cases and Pseudomonas
aeruginosa in 6.67% of cases and were taken from
purulent discharge from the heel, blood culture,
and nasal swab culture.

Initial X-rays revealed abnormalities in
73.33% of cases (11/15), followed by MRI in
13.33% (2/15), and the time elapsed between
symptom onset and hospitalization ranged
from 3 to 17 weeks in eight cases (mean
7.84+4.71 weeks).

Surgical Interventions

Out of 15 cases, 11 patients (73.33%) underwent
surgery. The surgical interventions included
incision and drainage (46.67%), irrigation and
debridement (20%), irrigation and debride-
ment + sequestrectomy (6.67%).

Antibiotherapy and Outcome

Based on the last follow-up evaluation, a satisfac-
tory outcome was determined for the patients.
Asymptomatic patients were identified if they
showed no clinical symptoms during a routine
X-ray, MRI and/or biomarker-level examination
(Table 2). In this study, only one patient out of
15 missed a follow-up. Even though that indi-
vidual’s follow-up information was unavailable,
the authors noted that the heel lesion had com-
pletely resolved and the acute phase reactants
were normal at the end of the treatment [11].
This study covers four decades of literature,
and treatment efficacy may have improved
over time. Outcomes may vary across coun-
tries. Thirteen cases of intravenous antibiotic
treatment lasted from 1 to 6 weeks (average
3.47+1.46 weeks). However, in one case where
an antibiotherapy ointment was used, the treat-
ment duration was within 1 week. In four cases
of oral antibiotic treatment, the duration ranged
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from 1 to 3 weeks (average 2.28+1.08 weeks).
In three reported cases of intramuscular antibi-
otic treatment, the duration was 1 week (aver-
age 1.29+0.14 weeks). Beta-lactam antibiotics,
such as methicillin, gentamicin, nafcillin, and
cloxacillin, were commonly administered either
intravenously or orally (Table 1).

In eight studies, the outcome was satisfac-
tory in 53.33% of cases. However, in seven cases
[6-8], three patients had asymptomatic flatfoot
secondary to calcaneal deformity after neona-
tal calcaneal osteomyelitis. Clinical assessment
showed normal tension of the Achilles ten-
don, but an abnormal shape of the calcaneus
was noted after 7-8 years of follow-up in these
patients. Two patients ended up with an almost
identical calcaneus deformity. One patient had
inequality in leg length, and another developed
growth arrest of the hip. Therefore, the overall
follow-up length ranged from 1.15 to 96 months
(average 42.20+41.46 months). Six patients had
less than 2 months of follow-up, while eight had
up to 30 months.

DISCUSSION

Neonatal units often perform heel punctures
(HP) on newborns, especially premature chil-
dren, to collect blood samples for analysis. How-
ever, the skin on a newborn’s heel is thick, and
the calcaneus is cartilaginous, which makes a
strictly aseptic technique necessary to avoid the
risk of osteomyelitis. This complication needs to
be discussed more in the literature. It is recom-
mended that HP in infants be no deeper than
2.4 mm to allow adequate blood flow without
puncturing the calcaneus [3]. Repeated HP has
been reported to cause osteomyelitis of the cal-
caneus (CO), so physicians must be diligent and
aware of the possibility of infection originating
in the heel [6, 7, 10].

The analysis of 15 cases from eight eligible
studies showed that CO is more common in
newborn girls. It typically occurs after a rou-
tine puncture for biochemical analysis, caus-
ing symptoms such as swelling, tenderness,
and redness. The most common microorgan-
ism detected is S. aureus. Even after surgical

treatment, the outcomes were still unsatisfac-
tory. Complications include deformity of the
calcaneus, asymptomatic flatfoot, and growth
arrest of the hip. Therefore, it is essential to dis-
cuss these findings from different aspects.

It has been observed that microorganisms
enter the calcaneus bone as a result of an
infected HP, which happens when capillary
blood is taken for neonatal screening. This con-
dition is found in patients of all ages and sexes.
However, it is more common in newborn girls,
especially those born prematurely (60%). In all
cases, the sole cause of CO was HP. However, a
comprehensive report on the incidence of this
condition and its clinical features with respect to
age and sex is not yet available. It is well known
that invasive medical procedures, prematurity,
and low birth weight are some of the factors that
can increase the risk of HP-CO [6, 12]. There was
a difference in median age at diagnosis between
newborn boys and girls. Girls were diagnosed
at an average age of 12 days, while boys were
diagnosed at an average age of 5 days. The find-
ing aligns with the results of earlier studies con-
ducted by Abril and their colleagues [7].

We observed that the number of girls over
10 days old who had HP-CO was significantly
higher than that of boys, which may explain
why girls were diagnosed at an older median age
than boys. This study found that the median
symptom duration was 33 days. However, other
studies have reported a range of symptom
durations, from 3 to 122 days. Tural et al. [11]
reported a case of a female infant with HP-CO
who received the Guthrie test on the seventh
day after birth. Three days later, she experienced
swelling, redness, and increased temperature
at the puncture site but did not have a fever.
The short interval between the test and symp-
toms may have been due to the patient’s typical
presentations of infection, both systematically
and locally. In contrast, Borris and colleagues
[8] reported a maximum symptom duration
of 122 days in 9- and 22-day-old girls with
CO, respectively. Such a wide range of symp-
tom duration suggests this condition’s high
heterogeneity.

Our findings showed a similar distribution
regarding the affected side distribution between
both sides. The type of device or stylus used
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for the puncture is unreported, but the mean
HPs were during the first 7 days of life (range
4-10 days of life). The infants’ heels had been
punctured at least once (range 1-30 times) for
blood samples during the initial hospitalization.
Thus, these cases of osteomyelitis were second-
ary to the trauma of multiple HPs, which caused
a soft tissue infection in a localized area of the
heel pad.

We discovered that the symptoms and path-
ogen culture outcomes of the HP-CO cases we
studied showed similarities and differences com-
pared to previous CO reports in older children
and adults [13, 14]. Among the included patients
with HP-CO, the most common early symptom
was soft-tissue swelling next to the affected
bone, possibly due to the thickness of the skin in
children’s heels and the limited surrounding soft
tissue of the calcaneus, which has poor blood
supply. We also observed that the positive rate of
sample culture was 86.67%, with S. aureus being
the most common pathogen (80%). However,
this HP-CO study also frequently detected P. aer-
uginosa (6.67%). The predominance of S. aureus
in this study is consistent with studies that have
identified it as the primary causative organism
in hematogenous osteomyelitis of newborns [15,
16].

Next, we found that surgery remained the
mainstay of the HP-CO treatment strategy,
which accounted for 87% of all the patients
with HP-CO. Nonetheless, the clinical effi-
cacy was still unsatisfactory, with an overall
incidence of complications of 47%. Regarding
surgical treatments, there are four main strate-
gies to consider. Incision and drainage involve
draining pus from the affected area of the
body. Debridement involves removing foreign
objects and dead tissue from a wound to pre-
vent infection and promote effective healing.
Bone curettage involves scraping away bone
with a curette. Finally, sequestrectomy is the
surgical removal of a sequestrum, which can be
done through either an intraoral or extraoral
strategy, depending on the size and location
of the lesion. We found that the risk of com-
plications from treatment by debridement
was higher than that managed by incision

and drainage (50% vs. 43%). Surprisingly, the
efficacy of debridement was even worse than
that of incision and drainage. Patients who
undergo debridement as a treatment for their
wounds may experience more severe complica-
tions depending on various factors, such as the
recovery time after the procedure, the sever-
ity of the wound, its location, and the type of
debridement method used. Thus, the compli-
cation risk was higher. Also, considering the
limited number of patients that had a calcaneal
deformity, it suggested that HPs should not
penetrate deeper than 2.5 mm to avoid con-
tact with the calcaneus as the skin of the heel
in children is thick [8] and the rare but possible
complication of osteomyelitis, given that septic
involvement of the calcaneal apophysis may
produce early closure of this growth plate and,
consequently, a calcaneal deformity [7]. Thus,
the clinical efficacy of this surgical method
needs to be reassessed by future studies.

When interpreting the results of our study,
it is important to take into account its limita-
tions. Firstly, the study population was limited
in size, and there was a wide variation in follow-
up time. Secondly, the evidence level was lim-
ited, as the studies were case reports, which may
have led to publication bias. Thirdly, treatment
efficacy has likely improved over time as a result
of variation in the years and geographical set-
tings of its administration. Such variances may
lead to an underestimation of its effectiveness;
therefore, to obtain a more precise estimate of
its efficacy, we recommend performing stratified
analyses in future investigations.

CONCLUSIONS

Heel punctures on newborns can cause cal-
caneus osteomyelitis (CO) if done repeatedly
on one heel or without adequate aseptic tech-
nique. This can lead to abnormal bone growth
or hind foot growth disturbance. Vigilance
by clinicians is necessary when swollen lower
extremities are present to detect signs of infec-
tion, indicating CO, and immediate treatment
is crucial. This review aims to provide guidance
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on diagnosing and preventing HP-CO and pro-
moting accurate, timely treatments.
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