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Abstract: Neonates with a new diagnosis of anorectal malformation (ARM) present a unique challenge
to the clinical team. ARM is strongly associated with additional midline malformations, such as those
observed in the VACTERL sequence, including vertebral, cardiac, and renal malformations. Timely
assessment is necessary to identify anomalies requiring intervention and to prevent undue stress and
delayed treatment. We utilized a multidisciplinary team to develop an algorithm guiding the midline
workup of patients newly diagnosed with ARM. Patients were included if born in or transferred
to our neonatal intensive care unit (NICU), or if seen in clinic within one month of life. Complete
imaging was defined as an echocardiogram, renal ultrasound, and spinal magnetic resonance imaging
or ultrasound within the first month of life. We compared three periods: prior to implementation
(2010-2014), adoption period (2015), and delayed implementation (2022); p < 0.05 was considered
significant. Rates of complete imaging significantly improved from pre-implementation to delayed
implementation (65.2% vs. 50.0% vs. 97.0%, p = 0.0003); the most growth was observed in spinal
imaging (71.0% vs. 90.0% vs. 100.0%, p = 0.001). While there were no differences in the rates
of identified anomalies, there were fewer missed diagnoses with the algorithm (10.0% vs. 47.6%,
p = 0.05). We demonstrate that the implementation of a standardized algorithm can significantly
increase appropriate screening for anomalies associated with a new diagnosis of ARM and can
decrease delayed diagnosis. Further qualitative studies will help to refine and optimize the algorithm
moving forward.
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1. Introduction

Anorectal malformations (ARMSs) present a unique challenge to the neonatal inten-
sivist or pediatrician. ARMs occur across a spectrum from mild to severe, and while
severe malformations may occasionally be identified during prenatal imaging, mild and
moderate malformations are typically not, unless associated with significant congenital
anomalies [1,2]. A patient newly diagnosed with an ARM at a low-volume community
facility may require transfer to a large, experienced children’s hospital for further man-
agement [3]. Ultimately, the first 24-48 h of care for a newborn with ARM are critical,
and may involve decisions such as how to screen for and manage associated congenital
anomalies, whether a child needs a colostomy, and whether drainage of the bladder or
vagina is necessary [4,5]. In addition, these first few days represent an important time in
which to begin developing a therapeutic relationship with caregivers [6]. This relationship
will likely extend beyond the immediate timeframe and may last for years as the child
progresses through the stages of life with an ARM, including surgical interventions, bowel
management programs, discussions of fertility and reproductive potential, and eventual
transfer to adult care [7].
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The neonatal period is a significant stress for any parent, but particularly those with a
child with ARM [8]. The first few days of life for a family may generate more questions
than answers, as this is the first time this diagnosis has been mentioned, but immediate
high-level comprehensive evaluation is necessary. Diagnosis of ARM may be accompanied
by diagnostic and prognostic uncertainty, in which the entirety of a diagnosis or prognosis
is unknown or unable to be conveyed, which is known to be associated with high stress in
parents with children in the neonatal intensive care unit (NICU) [9,10]. In children with
ARM, the ARM is only part of the picture—associated diagnoses such as vertebral, cardiac,
tracheoesophageal, renal, and limb are not uncommon [11]. Frequently grouped together
and known as the VACTERL association, delayed diagnoses of these malformations can
cause significant complications, including increased rates of renal failure in the case of
missed hydronephrosis, soiling in the case of a missed tethered cord, and the need for
intervention in the case of missed structural cardiac anomalies [8,12,13]. A delay in timely
diagnosis may result in a need for more advanced workup and has potential to cause undue
stress. Especially as the management of patients with ARM becomes preferentially referred
to high-volume centers, providing structure to the workup and initial management of a
patient newly diagnosed with ARM is necessary. Without this, there is a risk of delayed
or incomplete diagnosis, undue stress for a family, and harm to the long-term therapeutic
relationship with the medical community [14]. In our practice, as well as in the literature,
we identified a need for a standardized algorithm to guide the workup of patients with
newly diagnosed ARM [15]. While prior studies have highlighted short-term outcomes
from the implementation of similar algorithms, there have been no institutional studies
demonstrating the long-term success of these algorithms [16].

We aim to describe our institutional outcomes of a diagnostic algorithm for the initial
workup and management of associated anomalies in a patient newly diagnosed with an
ARM. We hypothesize that the algorithm will result in an increase in the complete imaging
workup for patients with ARM. Ultimately, we hope that this algorithm can help to guide
centers in managing the workup of newly diagnosed patients with ARMs to improve
clinician-parent communication and decrease parental stress.

2. Materials and Methods
2.1. Study Overview

We performed a retrospective, single-site cohort study of children with newly diag-
nosed ARM undergoing any management at our institution within their first month of
life. The algorithm was implemented in 2015 as part of the establishment of a dedicated
pediatric colorectal center, including a multidisciplinary partnership with pediatric urology,
pediatric and adolescent gynecology, and gastroenterology. The standardized approach
to diagnosis and in-hospital management of ARM was defined at that time. In order to
analyze the longitudinal success of the algorithm, three time periods were defined. Pre-
implementation included patients managed prior to the algorithm implementation, defined
as 2010-2014. The adoption phase of the algorithm was defined as patients managed
under the algorithm during 2015. To determine the longitudinal success of the algorithm, a
delayed post-implementation phase including the year 2022 was analyzed. The study was
approved by our Institutional Review Board.

2.2. Algorithm Development

The development of the algorithm began with a focused literature review in which best
practices regarding the initial workup of children with ARM were evaluated and combined
with clinical experience and practical considerations to develop a short and easy-to-follow
guide. The development of the algorithm was multidisciplinary and included contributions
from pediatric colorectal surgeons, pediatric general surgeons, neonatal intensivists, radiol-
ogists, advance practice providers, social workers, and bedside nurses. The implementation
of the algorithm involved standard education for neonatal and colorectal providers and
directed feedback in rare settings of noncompliance. In addition to providing guidance on
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the appropriate imaging workup of associated anomalies and inpatient management, the
algorithm also provided guidance for disclosing a diagnosis of ARM.

2.3. Participants

Patients diagnosed with an ARM presenting to our institution for management within
one month of birth were included. Patients may have been born and undergone initial
management at another institution, including appropriate imaging; however, if they were
evaluated in their first month of life either in transfer to the NICU or as an outpatient,
they remained included. Patients who presented after their first month of life were ex-
cluded, as their initial management was not comparable. Additionally, patients initially
suspected to have an ARM that was ruled out upon further anatomic evaluation were
also excluded. Cases of ARM were identified based on an institutional registry using
appropriate International Classification of Diseases Ninth and Tenth codes.

2.4. Study Outcomes

For the purposes of analysis, the primary outcome was the fidelity with completed
imaging, referred to as “complete midline workup”, and defined as the rate of completed
imaging workup, including renal ultrasound, spinal ultrasound or magnetic resonance
imaging (MRI), and echocardiogram. Imaging could be obtained at any institution but
needed to be available to radiologists at our institution within the first month of life to
be considered completed. Secondary outcomes included the incidence of any identified
anomalies and delayed diagnosis of associated anomalies. An identified anomaly included
any pathologic finding, regardless of severity, on any of the imaging modalities that
required follow-up attention via surveillance for the development of symptoms, further
imaging, referral to a specialist, or further intervention. These were summarized for all
children regardless of the age of diagnosis in order to demonstrate a trend in the rates of
associated diagnoses over time. Delayed diagnosis was defined as the identification of a
spinal, renal, or cardiac anomaly using similar imaging to the screening modalities obtained
after one month of age in a patient who was not screened within the first month of life. To
compare the baseline characteristics of patients at each phase and ensure they were similar, a
manual chart review for diagnosis was performed. Malformations were categorized as mild,
moderate, severe, or unknown based on prior classifications (Supplemental Table S1) [17].

2.5. Statistical Analysis

Descriptive statistics, including counts and percentages, were calculated for all study
variables. Data were compared across the three time periods, the pre-implementation phase,
the adoption phase, and the delayed post-implementation phase, using chi square tests
and Fisher’s exact tests as appropriate. For the secondary outcome of delayed diagnosis,
only patients with a follow-up of at least five years were included in order to allow for
an adequate time period in which associated diagnoses may be identified. All statistical
analysis was performed using SAS version 8.1 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Algorithm

The resulting algorithm involves four phases: the initial diagnosis and disclosure of
diagnosis, screening for associated comorbidities, inpatient management, and outpatient
management (Figure 1). The algorithm begins with a confirmed diagnosis of ARM. The
initial physical exam can be performed by any provider, but once suspicion of a possible
ARM is generated, it should be confirmed by a provider experienced with ARM. This
includes identifying the presence of a fistula. Good lighting is essential during this exam,
and cotton-tip applicators and retraction of the labia may be necessary to correctly identify
the anatomy. A plain abdominal X-ray is generally obtained as well. If a fistula is present,
Hegar dilators should be inserted to size the fistula and clinical staff should perform serial
Hegar dilations to allow for appropriate stool evacuation. If no fistula is present or the



Children 2024, 11, 494

40f 10

fistula is unable to be dilated, consideration should be given to a neonatal colostomy.
For patients born in our NICU or those evaluated at a facility with easy patient transfer
capabilities to our institution, the disclosure of a new diagnosis of ARM is particularly
important, and guidance related to this was added to the medical algorithm guiding
midline workup, as we feel that disclosure of the diagnosis and initiation of the therapeutic
relationship is as important as the associated anomaly workup (Figure 2).

Patient with confirmed diagnosis
of anorectal malformation

¢ Adequate physical exam

¢ Plain abdominal x-ray

« Dilation or consider colostomy

¢ Most experienced provider

Disclose diagnosis

e During daytime hours

¢ With entire caregiver team

Standardized anomaly workup .

« Echocardiogram

Renal ultrasound

Cardiology

¢ Spinal ultrasound or MRI

Gynecology

¢ Consulting services

Inpatient management .

Teaching for ostomy care versus Neurosurgery

dilation management

Orthopedic surgery

e Schedule follow-up

Outpatient management .

Urology

Provide teaching documentation

¢ Provide phone numbers

Figure 1. Standardized algorithm for the management of newly diagnosed anorectal malformations
in our neonatal intensive care unit involves appropriate disclosure of the diagnosis, standardized
workup of associated anomalies, inpatient management including stoma and dilation teaching, and
outpatient follow-up and connections. To confirm the fidelity of the algorithm with respect to the
workup of associated anomalies, the standardized anomaly workup, shaded in grey, was analyzed.

Guidance regarding the initial disclosure of the diagnosis of ARM was broken into
four important components. After initial data are collected, we recommend that the person
initiating conversation with the family regarding a new diagnosis is the most experienced
provider available. This may be a surgeon, neonatologist, or pediatrician, but it should be
whoever has the best ability to handle unexpected questions and assuage early concerns.
Ideally, this person should not be a trainee, and rather should be a practicing physician
who will remain part of the care team moving forward. Secondly, the algorithm provides
guidance as to the role of the team. Care for the patient with a newly diagnosed ARM
is multidisciplinary, and requires collaboration with many ancillary services, including
gynecology, orthopedic surgery, urology, cardiology, and more. These teams may include
a variety of practitioners from various levels. Introducing teams ahead of their arrival
helps with unpredictability and ensures that the family is aware of why a consultant is
seeing their child prior to their arrival. It also ensures that the care team limits conflicting
statements between providers, which can erode the therapeutic relationship. Third, the al-
gorithm recommends that the conversation surrounding a new diagnosis of ARM happens
preferentially during daytime hours. This helps to ensure that everyone is rested, there is
adequate time for conversation, and additional social support for the family can be present.
While this may not be possible in the setting of an acute decompensation, the lag time be-
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1. Provider-led disclosure of diagnosis.

tween disclosure of diagnosis and meeting with the patient’s surgeon should be minimized.
Finally, and potentially most importantly, families should be allowed processing time.
This includes allowing for questions, even when out of scope of current management. All
material, including diagnosis and consultant involvement, may need to be re-emphasized
as families process and identify individuals who can help assist. Attention should be paid
to the physical, emotional, and social effects.

¢ Led by most experienced clinician
¢ Should involve all care teams, if possible
e Should not be led by trainee
e Ensure family access to entire care team
2. Team-based mentality.
e Introduce ancillary services such as gynecology, urology, cardiology, orthopedics
e Discuss the role of trainees
e Explain early procedures
e Connect with social supports and in-hospital resources
e Avoid conflicting statements between care teams

3. Timely diagnosis, but with all potential involved services.

¢ When possible, conversation should be had during the daytime
e Ifnot possible, discuss key elements with a promise for return
e  Minimize lag time between disclosure and meeting with surgeon
4. Allow for processing time.
e Welcome questions
e Explain material multiple times with different providers
¢ Do not assume caregivers remember material
e Routinely include caregivers in rounding and procedural discussion

Figure 2. Our algorithm provides guidance for the initial disclosure of a diagnosis of anorectal
malformation (ARM), including the provider leading the discussion, the team-based approach, timing
of the disclosure, and processing time. This can be modified based on individual patient scenarios.

Following the disclosure of diagnosis, the algorithm advances to the identification
of associated anomalies, beginning with a complete midline workup. This includes a
renal ultrasound, spinal MRI or ultrasound, and an echocardiogram prior to one month
of age. Typically, these interventions are recommended while the patient is an inpatient
after being born, but for those referred to us with a late diagnosis or transferred after
diagnosis elsewhere, completion in the first month is required. In addition, physical exam
for limb anomalies is performed, and evaluation for associated malformations such as
hydrocolpos is performed on an as-needed basis. Finally, the algorithm provides guidance
on inpatient management, including the need for operative interventions, the establishment
of follow-up with appropriate services, and wound care teaching. For those patients that
undergo diversion with a colostomy or ileostomy, teaching for management of the stoma
is performed. For those with fistulae, dilation teaching is performed. Finally, prior to
discharge, outpatient follow-up with colorectal surgery and appropriate consulting services
is arranged. Teaching documentation is provided and phone numbers are given to allow
for easy communication.

3.2. Evaluation of Algorithm

To evaluate the fidelity of our algorithm, we then proceeded to analyze measurable
outcomes over the three predefined time periods. Specifically, we analyzed compliance
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with the standardized anomaly workup, as this represents both a vital and easily tracked
component of the algorithm (Table 1). A total of 122 patients were evaluated, with 69
in the pre-implementation phase, 20 in the adoption phase, and 33 in the delayed post-
implementation phase. There was no statistically significant difference in the rates of
diagnosis of each subtype of malformation by phase of implementation, including mild
(63.8% vs. 60.0% vs. 60.6%), moderate (4.4% vs. 5.0% vs. 12.1%), severe (14.5% vs. 25.0%
vs. 18.2%), and unknown (17.4% vs. 10.0% vs. 9.1%, overall p = 0.63). Prior to the
implementation of the algorithm, 65.2% of patients had a complete midline workup within
the first month of life. During implementation, this reduced to 50%; however, it increased
significantly to 97.0% in the delayed post-implementation phase (p = 0.0003). Rates of
success were most significant for spinal MRI and ultrasound (71.0% vs. 90.0% vs. 100.0%,
p = 0.01), though they were also significant for echocardiogram (82.6% vs. 50.0% vs. 97.0%,
p = 0.0001). The incidence of completed renal ultrasounds was not significantly different
before and after implementation (95.7% vs. 100.0% vs. 100.0%, p = 0.31), nor were the rates
of identified anomalies in any organ system, indicating stable association between ARM
and other comorbidities over time (95.7% vs. 95.0% vs. 90.9%, p = 0.36). In comparing those
with follow-up of at least five years, there was a significantly higher incidence of delayed
diagnosis in the pre-implementation group (47.6% vs. 10.0%, p = 0.05). Overall fidelity with
the algorithm at the delayed post-implementation phase was 97.0%.

Table 1. Results of application of diagnosis algorithm in the pre-implementation, adoption, and
post-implementation phases. Emboldened p-values are significant.

Pre-Implementation Adoption Phase Post-Implementation
(2010-2014) (2015) (2022) p-Value
n=:69 n=20 n =233
Complete imaging workup ? 45 (65.2) 10 (50.0) 32(97.0) 0.0003
Echocardiogram 57 (82.6) 10 (50.0) 32 (97.0) 0.0001
Renal ultrasound 66 (95.7) 20 (100.0) 33 (100.0) 0.31
Spinal MRI/US 49 (71.0) 18 (90.0) 33 (100.0) 0.001
MRI 45 (91. 12 (66.7 2 (97.
5(91.8) (66.7) 32 (97.0) 0.006
us 4(8.1) 6 (33.3) 1(3.0)
Any identified abnormality 66 (95.7) 19 (95.0) 30 (90.9) 0.36
Delayed diagnosis of associated anomaly P 10 (47.6) 1 (10.0) - 0.05

2: defined as completed renal ultrasound, spinal MRI or ultrasound, and echocardiogram within one month of

age. P: includes only patients with follow-up.

4. Discussion

In this single-institution, long-term follow-up study, we demonstrate that a short,
easy-to-follow algorithm developed by a multi-disciplinary team for patients with ARM
can significantly increase the completion of the recommended screening process for a
midline workup and is associated with a decrease in delayed diagnosis. This suggests
the algorithm could be applied to low-volume centers to ensure that patients with ARM
undergo appropriate screening and management at all institutions.

Identifying associated anomalies in children with ARM is critically important, as it
informs the short- and long-term prognosis and provides guidance regarding the need for
intervention prior to surgical management of the ARM [4]. For example, in patients diag-
nosed with VACTERL association in addition to their ARM, the coexistence of VACTERL
anomalies negatively affects both surgical outcomes and bowel function later in life [18].
Patients with a delayed diagnosis of a tethered cord may experience higher rates of fecal
and urinary incontinence [19]. Because the risk of delay is so significant, the current recom-
mendation is therefore for a comprehensive midline workup in patients with ARM [20].
While the specifics of complete screening vary by institution and by country, most rec-
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ommendations include a vertebral X-ray or spinal cord ultrasound, an echocardiogram,
a renal ultrasound, and potentially a genetics workup based on clinical presentation [21].
Rates of anomalies are reported at as high as 31% for urologic anomalies, 10% for cardiac
anomalies, and 8% for spinal cord anomalies, even in the absence of a unifying diagnosis
such as VACTERL association [22]. Despite the high incidence of these anomalies and
potential consequences of missed diagnosis, large, multi-institutional studies show compli-
ance with complete screening as low as 11.3% [23]. Effective algorithmic management is
therefore necessary.

Our institutional algorithm defines completed screening as including an echocardio-
gram, renal ultrasound, and spinal MRI or ultrasound. This was chosen due to the relatively
high incidence of associated anomalies within these systems as well as the potential for an
identified anomaly in one of these systems to result in a significant change to the clinical
plan. Typically, we pursue these screenings in the first few days of life in the NICU. De-
pending on the severity of the anomaly, consultations with cardiology, urology, nephrology,
and neurosurgery may be required. In addition to early knowledge and management, early
screening also means early disclosure to the family. Given the stress at the time of diagnosis
of an ARM and the potential for uncertainty related to long-term outcomes, it is important
to provide families with as complete of a diagnostic picture as possible.

Unsurprisingly, our data demonstrate a high compliance with renal ultrasounds before,
during, and after the implementation of the standard diagnosis algorithm. The association
between genitourinary anomalies and ARM is well established, and may have led to in-
creased screening prior to formal implementation of the algorithm [24]. Additionally, renal
anomalies may be more frequently diagnosed prenatally, increasing compliance with post-
natal evaluation [25]. Interestingly, rates of compliance with echocardiograms fell during
the adoption phase of the algorithm. While the precise reason for this is unclear, this change
was during the initial phase of implementation. During this time, our colorectal center was
being established, which resulted in an increase in complex referrals. We may have failed to
adequately obtain performed echocardiograms from outside institutions during this time,
or patients may have been managed at other facilities without screening algorithms with
subsequent referral. Despite this, it is encouraging that at the delayed post-implementation
phase, a significant improvement in compliance with screening echocardiogram could be
observed, as screening of the cardiovascular system is of particular importance to both sys-
tems prior to considering surgical interventions [26]. Finally, adherence to spinal MRI and
ultrasound significantly improved to 100% of children in the delayed post-implementation
phase. Given the association between ARM, tethered cord, and future continence potential,
this is extremely encouraging. Interestingly, during the immediate post-implementation
phase, the rates of spinal MRI were highest as compared to spinal ultrasound. This may
reflect the referral pattern, with outside institutions obtaining MRIs during this time and
transferring patients to our care or may reflect improvement in screening spinal ultra-
sound over time at our institution. More than simply ensuring that screening is completed,
we hoped to appropriately identify anomalies in our population, preventing a delay in
diagnosis. In our patients, the rate of missed diagnosis decreased significantly between
pre-implementation and post-implementation. Importantly, and in contrast to other work,
the algorithm has shown high fidelity over almost eight years of implementation without
significant change, representing significant improvement over the estimate of 11.3%, which
potentially excludes centers without a specialized colorectal facility [23]. This suggests
that it is both easy to follow and effective in accomplishing its intended purpose, which
highlights its generalizability to other institutions looking to make similar changes.

It is essential to recognize that while standardized algorithms are important tools
for the clinician, they risk the potential for a loss of empathy and compassion in the face
of the use of a one-size-fits-all methodology [27]. While there are multiple studies that
highlight the medical benefit to utilizing screening algorithms, few works highlight the
impact that using these tools may have on a family [28,29]. In fact, many algorithms end
with the caveat that they should be amended to address individual situations whenever
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necessary. Therefore, our algorithm was structured to provide guidance regarding the
initial disclosure of the diagnosis of ARM, as this is a profoundly important time period
in which the therapeutic relationship can be built with the family, ensuring trust in the
medical system moving forward. Specifically, we recommend the disclosure of diagnosis
of a new ARM comes from the most experienced provider on the team, whether that be
the neonatal intensivist or the colorectal surgeon. While trainees such as residents and
fellows are undoubtedly important members of the team, by ensuring the availability of a
senior member of the team, we feel families receive accurate information from someone
who may be expected to become a familiar face moving forward. In addition to discussing
the diagnosis, we find it helpful for the anticipated initial hospital course to be discussed
with families. The midline workup should be discussed, including the need for the in-
volvement of consulting services. By providing transparency to the need for midline
workup and the potential for identification of anomalies, we feel that families may be
more comfortable asking questions, understanding why certain investigations are being
pursued, and developing individual empowerment. Finally, prior studies within other
methodologies demonstrate that in families learning about a critical diagnosis, multiple
forms of educational interventions need to be developed, with frequent re-evaluation to
confirm that families are adequately processing information as it is being delivered [30].
For this reason, we work closely with our families to ensure that they have adequate time
at clinic appointments in the early phase, access to surgeons for questions as they develop,
and resources upon discharge about where to find more information on their diagnosis,
support groups, and access to the clinical team post-discharge.

This is one of the first studies to implement a standardized protocol for screening for
associated anomalies in patients with ARM, but it is subject to several limitations. As it
was a retrospective review over a prolonged period in which several changes were made,
it is unclear what additional processes or discussions may have affected compliance with
recommended screening during the implementation of the algorithm. It is surprising
that the completion of echocardiograms declined during the adoption phase; however,
it is more reassuring that this significantly improved during the post-implementation
period. Additionally, there is a higher rate of overall reported anomalies in our cohort
compared to other descriptions in the literature, with quoted rates being as high as 78% [31].
This may be because our institution is a major, quaternary referral center that receives a
higher percentage of complicated patients requiring expert management; this is evident in
the breakdown of diagnosis per group, showing that almost one-fifth of our population
presented with a severe ARM. While we can assess the rates of delayed diagnosis in
our cohort, it is unclear what the impact of a delay in diagnosis was on a patient and
their family in terms of workup, management, and the need for further intervention. In
generating a definition for “complete workup”, we chose to include an echocardiogram,
a spinal MRI or ultrasound, and a renal ultrasound. As knowledge surrounding ARM
advances, recommendations for screening may continually change. For example, anomalies
such as hydrocolpos, presacral masses, and reflex nephropathy may not necessarily have
been adequately identified with the current algorithm and may be considered moving
forward. Finally, the algorithm we developed strives to not only address imaging but
also to appropriately manage the initial disclosure of a diagnosis of ARM, the inpatient
teaching and education, and connections to the outpatient team. This is more difficult to
quantitatively study and represents an area of future research in demonstrating the fidelity
of the entire algorithm.

5. Conclusions

In a single center, we demonstrate that the implementation of a standardized protocol
guiding cardiac, renal, and spinal screening in patients with ARM can be effective over a
prolonged period, with high fidelity and high completion rates. Further qualitative work
on the impact of the algorithm on patients and providers will help to refine and optimize it
for application in lower-volume centers.



Children 2024, 11, 494 90f 10

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/children11040494 /s1, Table S1: Anorectal Malformation Severity.

Author Contributions: Conceptualization: S.S., A.G., S.D., N.D., L.C.C.P, C.T,, P.Z.,, CM.M. and
R.J.W. Methodology: S.S. and R.J.W. Formal analysis: S.S. Resources: A.G.,S.D.,N.D., L.C.C.P, C.T.
and P.Z. Writing—original draft: S.S., S.D., N.D., L.C.C.P, C.T.,, CM.M. and R.J.W. Writing—review
and editing: S.S., A.G.,,S.D.,,N.D., LC.C.P,C.T, PZ.,, CM.M. and R.J.W. Supervision: CM.M. and
R.J.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Nationwide Children’s Hospital
(protocol code IRB14-00232, 18 December 2018).

Informed Consent Statement: Patient consent was waived as this study represents a retrospective
chart review with no additional procedures, visits, or requirements for subjects for this chart review,
including only items collected as part of routine clinical care.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author due to privacy reasons.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Stoll, C.; Alembik, Y.; Dott, B.; Roth, M.P. Associated malformations in patients with anorectal anomalies. Eur. J. Med. Genet. 2007,
50, 281-290. [CrossRef] [PubMed]

Jonker, J.E.; Trzpis, M.; Broens, PM.A. Underdiagnosis of Mild Congenital Anorectal Malformations. |. Pediatr. 2017, 186,
101-104.el. [CrossRef]

Govender, S.; Wiersma, R. Delayed diagnosis of anorectal malformations (ARM): Causes and consequences in a resource-
constrained environment. Pediatr. Surg. Int. 2016, 32, 369-375. [CrossRef]

Levitt, M.A.; Pefia, A. Anorectal malformations. Orphanet |. Rare Dis. 2007, 2, 33. [CrossRef] [PubMed]

Bischoff, A.; Levitt, M.A.; Pefia, A. Update on the management of anorectal malformations. Pediatr. Surg. Int. 2013, 29, 899-904.
[CrossRef]

Ryan, G.; Vyrostek, S.; Aminoff, D.; Booth, K.; Driesbach, S.; Fisher, M.; Gerberick, J.; Haanen, M.; Mullins, C.; Parker, L.; et al.
Importance of education and the role of the patient and family in the care of anorectal malformations. Semin. Pediatr. Surg. 2020,
29,150990. [CrossRef] [PubMed]

Chen, J.C.; Gasior, A.C. After anoplasty for anorectal malformations: Issues continue in adolescence and adulthood. Semin. Colon.
Rectal Surg. 2023, 34, 100989. [CrossRef]

Hassink, E.A.M.; Brugman-Boezeman, A.T.M.; Robbroeckx, L. M.H.; Rieu, PN.; van Kuyk, E.M.; Wels, PM.; Festen, C. Parenting
children with anorectal malformations: Implications and experiences. Pediatr. Surg. Int. 1998, 13, 377-383. [CrossRef]

Rambod, M.; Pasyar, N.; Mazarei, Z.; Soltanian, M. The predictive roles of parental stress and intolerance of uncertainty on
psychological well-being of parents with a newborn in neonatal intensive care unit: A hierarchical linear regression analysis.
BMC Pediatr. 2023, 23, 607. [CrossRef]

Krick, J.A.; Weiss, EIM.; Snyder, A.; Haldar, S.; Campelia, G.D.; Opel, D.J. Living with the Unknown: A Qualitative Study of
Parental Experience of Prognostic Uncertainty in the Neonatal Intensive Care Unit. Am. ]. Perinatol. 2021, 38, 821-827. [CrossRef]
Cuschieri, A.; EUROCAT Working Group. Anorectal anomalies associated with or as part of other anomalies. Am. J. Med. Genet.
2002, 110, 122-130. [CrossRef] [PubMed]

Giuliani, S.; Midrio, P.; De Filippo, R.E.; Vidal, E.; Castagnetti, M.; Zanon, G.F.; Gamba, P.G. Anorectal malformation and
associated end-stage renal disease: Management from newborn to adult life. J. Pediatr. Surg. 2013, 48, 635-641. [CrossRef]
[PubMed]

Sato, S.; Shirane, R.; Yoshimoto, T. Evaluation of Tethered Cord Syndrome Associated with Anorectal Malformations. Neurosurgery
1993, 32, 1025. [CrossRef]

Lacher, M.; Barthlen, W.; Eckoldt, E; Fitze, G.; Fuchs, J.; Hosie, S.; Kaiser, M.M.; Meyer, T.; Muensterer, O.].; Reinshagen, K ; et al.
Operative Volume of Newborn Surgery in German University Hospitals: High Volume Versus Low Volume Centers. Eur. J.
Pediatr. Surg. 2022, 32, 391-398. [CrossRef]

Kruger, P; Teague, W.J.; Khanal, R.; Hutson, ].M.; King, S.K. Screening for associated anomalies in anorectal malformations: The
need for a standardized approach. ANZ J. Surg. 2019, 89, 1250-1252. [CrossRef]

Pena, A.; Bischoff, A.; De la Torre, L. Anorectal Anomalies. In Pediatric Surgery: Diagnosis and Management; Puri, P., Hollwarth,
M.E,, Eds.; Springer International Publishing: Cham, Switzerland, 2023; pp. 967-984. [CrossRef]


https://www.mdpi.com/article/10.3390/children11040494/s1
https://www.mdpi.com/article/10.3390/children11040494/s1
https://doi.org/10.1016/j.ejmg.2007.04.002
https://www.ncbi.nlm.nih.gov/pubmed/17572165
https://doi.org/10.1016/j.jpeds.2017.03.054
https://doi.org/10.1007/s00383-016-3866-5
https://doi.org/10.1186/1750-1172-2-33
https://www.ncbi.nlm.nih.gov/pubmed/17651510
https://doi.org/10.1007/s00383-013-3355-z
https://doi.org/10.1016/j.sempedsurg.2020.150990
https://www.ncbi.nlm.nih.gov/pubmed/33288139
https://doi.org/10.1016/j.scrs.2023.100989
https://doi.org/10.1007/s003830050344
https://doi.org/10.1186/s12887-023-04420-4
https://doi.org/10.1055/s-0039-3402722
https://doi.org/10.1002/ajmg.10371
https://www.ncbi.nlm.nih.gov/pubmed/12116249
https://doi.org/10.1016/j.jpedsurg.2012.10.073
https://www.ncbi.nlm.nih.gov/pubmed/23480924
https://doi.org/10.1227/00006123-199306000-00025
https://doi.org/10.1055/s-0041-1740479
https://doi.org/10.1111/ans.15150
https://doi.org/10.1007/978-3-030-81488-5_71

Children 2024, 11, 494 10 of 10

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Baxter, K.J.; Garza, ].M.; Rollins, M.D.; Drake, K.; Reeder, R.W.; Wood, R.; Avansino, J.; Calkins, C.M.; Ralls, M.; Garvey, EMM.; et al.
Multi-institutional review of bowel management strategies in children with anorectal malformations. J. Pediatr. Surg. 2020, 55,
2752-2757. [CrossRef] [PubMed]

Totonelli, G.; Catania, V.D.; Morini, F.; Fusaro, E.; Mosiello, G.; Iacobelli, B.D.; Bagolan, P. VACTERL association in anorectal
malformation: Effect on the outcome. Pediatr. Surg. Int. 2015, 31, 805-808. [CrossRef]

Fernandez-Portilla, E.; Moreno-Acosta, L.; Dominguez-Mufioz, A.; Gonzalez-Carranza, V.; Chico-Ponce de Leon, F.; Davila-Perez,
R. Functional outcome after cord detethering in fecally incontinent patients with anorectal malformations. Pediatr. Surg. Int. 2021,
37,419-424. [CrossRef]

de Beaufort, C.M.; van den Akker, A.C.; Kuijper, C.F; Broers, C.J.; de Jong, J.R.; de Beer, S.A.; Straver, B.; Zwijnenburg, PJ.; Gorter,
R.R. The importance of screening for additional anomalies in patients with anorectal malformations: A retrospective cohort study.
J. Pediatr. Surg. 2022, 58, 1699-1707. [CrossRef]

England, R.].; Eradi, B.; Murthi, G.V.; Sutcliffe, J. Improving the rigour of VACTERL screening for neonates with anorectal
malformations. Pediatr. Surg. Int. 2017, 33, 747-754. [CrossRef]

Ratan, S.K.; Rattan, K.N.; Pandey, R.M.; Mittal, A.; Magu, S.; Sodhi, PK. Associated congenital anomalies in patients with
anorectal malformations—A need for developing a uniform practical approach. J. Pediatr. Surg. 2004, 39, 1706-1711. [CrossRef]
[PubMed]

Minneci, P.C.; Kabre, R.S.; Mak, G.Z.; Halleran, D.R.; Cooper, ].N.; Afrazi, A.; Calkins, C.M.; Downard, C.D.; Ehrlich, P;
Fraser, J.; et al. Screening practices and associated anomalies in infants with anorectal malformations: Results from the Midwest
Pediatric Surgery Consortium. J. Pediatr. Surg. 2018, 53, 1163-1167. [CrossRef] [PubMed]

Duci, M.; Midrio, P; Castagnetti, M.; Gamba, P.; Faggin, R.; Fascetti-Leon, F. Urinary Tract Anomalies in Patients with Anorectal
Malformations: The Role of Screening and Clinical Follow-Up. Urology 2020, 143, 216-220. [CrossRef] [PubMed]

Rohrer, L.; Vial, Y.; Gengler, C.; Tenisch, E.; Alamo, L. Prenatal imaging of anorectal malformations—10-year experience at a
tertiary center in Switzerland. Pediatr. Radiol. 2020, 50, 57-67. [CrossRef] [PubMed]

Liu, Y;; Li, K;; Wu, J.; Li, H.; Geng, X.; Gu, Y. Morbidity of congenital heart disease in children with anorectal malformations and
related treatment. Zhejiang Xue Xue Bao Yi Xue Ban |. Zhejiang Univ. Med. Sci. 2020, 49, 597-602. [CrossRef]

Harper, P.R. A review and comparison of classification algorithms for medical decision making. Health Policy 2005, 71, 315-331.
[CrossRef]

Peck, M.D.; Priolo-Kapel, D. Child Abuse by Burning: A Review of the Literature and an Algorithm for Medical Investigations. J.
Trauma Acute Care Surg. 2002, 53, 1013. [CrossRef] [PubMed]

Council on Children with Disabilities; Section on Developmental Behavioral Pediatrics; Bright Futures Steering Committee;
Medical Home Initiatives for Children with Special Needs Project Advisory Committee. Identifying Infants and Young Children
with Developmental Disorders in the Medical Home: An Algorithm for Developmental Surveillance and Screening. Pediatrics
2006, 118, 405-420. [CrossRef] [PubMed]

Rodgers, C.C.; Laing, C.M.; Herring, R.A.; Tena, N.; Leonardelli, A.; Hockenberry, M.; Hendricks-Ferguson, V. Understanding
Effective Delivery of Patient and Family Education in Pediatric OncologyA Systematic Review From the Children’s Oncology
Group [Formula: See text]. J. Pediatr. Oncol. Nurs. Off. ]. Assoc. Pediatr. Oncol. Nurses 2016, 33, 432—-446. [CrossRef]

Nah, S.A.; Ong, C.C.P; Lakshmi, N.K.; Yap, T.-L.; Jacobsen, A.S.; Low, Y. Anomalies associated with anorectal malformations
according to the Krickenbeck anatomic classification. J. Pediatr. Surg. 2012, 47, 2273-2278. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jpedsurg.2020.04.023
https://www.ncbi.nlm.nih.gov/pubmed/32616413
https://doi.org/10.1007/s00383-015-3745-5
https://doi.org/10.1007/s00383-020-04834-6
https://doi.org/10.1016/j.jpedsurg.2022.11.010
https://doi.org/10.1007/s00383-017-4094-3
https://doi.org/10.1016/j.jpedsurg.2004.07.019
https://www.ncbi.nlm.nih.gov/pubmed/15547838
https://doi.org/10.1016/j.jpedsurg.2018.02.079
https://www.ncbi.nlm.nih.gov/pubmed/29602552
https://doi.org/10.1016/j.urology.2020.05.052
https://www.ncbi.nlm.nih.gov/pubmed/32525076
https://doi.org/10.1007/s00247-019-04513-2
https://www.ncbi.nlm.nih.gov/pubmed/31482265
https://doi.org/10.3785/j.issn.1008-9292.2020.10.08
https://doi.org/10.1016/j.healthpol.2004.05.002
https://doi.org/10.1097/00005373-200211000-00036
https://www.ncbi.nlm.nih.gov/pubmed/12435962
https://doi.org/10.1542/peds.2006-1231
https://www.ncbi.nlm.nih.gov/pubmed/16818591
https://doi.org/10.1177/1043454216659449
https://doi.org/10.1016/j.jpedsurg.2012.09.017

	Introduction 
	Materials and Methods 
	Study Overview 
	Algorithm Development 
	Participants 
	Study Outcomes 
	Statistical Analysis 

	Results 
	Algorithm 
	Evaluation of Algorithm 

	Discussion 
	Conclusions 
	References

