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Abstract
Purpose To address the need for a pediatric surgical checklist for adult providers.

Background Pediatric surgery is unigue due to the specific needs and many tasks that are employed in the care

of adults require accommodations for children. There are some resources for adult surgeons to perform safe pediatric
surgery and to assist such surgeons in pediatric emergencies, we created a straightforward checklist based on cur-
rent literature. We propose a surgical checklist as the value of surgical checklists has been validated through research
in a variety of applications.

Methods Literature review on PubMed to gather information on current resources for pediatric surgery, all papers
on surgical checklists describing their outcomes as of October 2023 were included to prevent a biased overview
of the existing literature. Interviews with multiple pediatric surgeons were conducted for the creation of a checklist
that is relevant to the field and has limited bias.

Results Forty-two papers with 8,529,061 total participants were included. The positive impact of checklists was high-
lighted throughout the literature in terms of outcomes, financial cost and team relationship. Certain care checkpoints
emerged as vital checklist items: antibiotic administration, anesthetic considerations, intraoperative hemodynamics
and postoperative resuscitation. The result was the creation of a checklist that is not substitutive for existing WHO
surgery checklists but additive for adult surgeons who must operate on children in emergencies.

Conclusion The outcomes measured throughout the literature are varied and thus provide both a nuanced view
of a variety of factors that must be taken into account and are limited in the amount of evidence for each outcome.
We hope to implement the checklist developed to create a standard of care for pediatric surgery performed in low
resource settings by adult surgeons and further evaluate its impact on emergency pediatric surgery outcomes.

Funding Fulbright Fogarty Fellowship, GHES NIH FIC D43 TW010540.
Keywords Surgical checklists, Pediatric surgery, Low-resource settings, Pediatric perioperative care

Introduction
Surgery is a vital element of healthcare with the poten-
tial to cause serious harm when performed in an unsafe
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are related to non-technical skills [2].
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To reduce adverse events such as these, the WHO
developed a Surgical Safety Checklist (SSC) in 2008. The
checklist comprises three phases and 19 items addressing
a variety of perioperative safety measures. The mecha-
nism for improving surgical safety is two-fold: through
direct action it standardizes what the team does for every
procedure and indirectly it promotes a culture of safety in
the operating room [3]. This checklist and others inspired
by it have been implemented worldwide with a variety of
results.

There is heterogeneity in terms of outcomes studied,
however, overall multiple papers suggest that checklists
are beneficial: decreasing cost, complications and mortal-
ity while improving teamwork and communication. The
current literature also highlights the importance of staff
perception of SSC with staff attitudes towards SSC affect-
ing how often it is utilized and how it is altered to better
adapt to their context [4].

As the focus of research on surgical checklists has
increasingly shifted to include more tailored checklists,
their application in pediatric surgery remains largely
unexplored. This gap in the literature is of particular
importance as it could assist adult surgeons who often
must operate on children in emergency circumstances.
This is especially true in rural settings and in low- and
middle-income countries (LMIC) like Uganda where
general surgeons perform the majority of general pedi-
atric surgeries [5, 6]. In the USA as many as 40% of all
pediatric inpatient surgical procedures are performed in
adult hospitals [7]. Furthermore, children are far more
complex than just smaller adults yet the WHO SSC does
not consider and fully address the intricacies of pediat-
ric surgery. Given the potential worldwide impact of a
pediatric surgery checklist for adult general surgeons,
we reviewed existing literature on surgical checklists and
created a fundamental checklist that surgeons in a variety
of resource settings can utilize. Resuscitation, consent,
pain control and postoperative care for pediatric patients
all require special consideration when the adult surgeon
is called to operate on a child. Low and high resource
settings may contract or expand this checklist based on
their resources and needs. This essential checklist of con-
siderations serves as a guide for adult surgeons needing
to operate on children.

Methods

The literature review was conducted using PubMed and
the University of Illinois library. Papers with text words
and subject headings including “surgical checklist” were
identified and reviewed. Reference lists from papers
identified in the PubMed search were also reviewed and
included when appropriate.
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We used “surgical checklist” as the keyword search due
to the limited availability of pediatric specific checklists
and our desire to evaluate all existing papers evaluat-
ing checklists’ outcomes to learn the process of creating
an effective checklist from them. Two studies out of 42
explicitly mentioned pediatric surgery cases, multiple
papers did include patients of all ages however did not
provide exact breakdowns. D.R. and E.N. performed
independent review of the existing literature for quali-
fying studies which were then discussed with G.K. to
ensure they fit inclusion criteria. We included all papers
Jan 2008-October 2023 on the topic. All authors reviewed
the list of included papers.

Pediatric surgeons at the University of Illinois at Chi-
cago (UIC) Division of Pediatric Surgery and the Paedi-
atric Surgical Foundation of Uganda (PSFU) identified
checklist items that they felt were both vital and specific
to pediatric general surgery. Dr. Phyllis Kisa from Mulago
National Referral Hospital and Dr. Martin Situma from
Mbarara Regional Referral Hospital in Uganda partici-
pated in the creation of this checklist and provided val-
uable insight into its potential real world application in
LMICs from their own clinical experience. Dr. Lobe, Dr.
Sims, and Dr. Rojnica from the UIC Division of Pediatric
Surgery also helped create checklist items they deemed
essential for adult surgeons performing pediatric surgery
in their setting.

We then integrated checklist items from UIC and
PSFU with key findings from our comprehensive litera-
ture review to create three age appropriate, contextually
adaptable checklists for pediatric surgery.

Results

The majority of papers reviewed employed the WHO
SSC and its specific adaptations. (Table 1) [8]. No existing
pediatric surgery checklists were identified in our review
of the literature.

Checklist effect on complications and mortality

Checklists have been shown to reduce postoperative
complications, including SSI and mortality. The WHO
SSC specifically targets mortality [9, 21], SSI [12], pneu-
monia [51], return to the operating room [14], urinary
tract infection, intubation, and sepsis [29]. The WHO
SSC has shown positive changes in regards to all of these
targets [45, 52]. Thromboembolism (DVT), however, was
not a target. Investigations have shown that although
the WHO SSC does affect measures like mortality and
SSI it does not affect postoperative measures of safety
and quality that are not targeted, like DVT [51]. Mater-
nal sepsis rates were also found to be reduced with the
use of the WHO SSC with adherence negatively correlat-
ing with sepsis rates [11]. Further, there is evidence that
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intraoperative blood loss and incidence of postoperative
intestinal fistula formation was lower with the SSC [15].
Impact on mortality and SSI has been suggested to be
more significant in emergency settings in low and middle
income countries [18, 19].

Checklist effect on teamwork, communication, and culture
of safety

The impact of SSC implementation on teamwork and
communication was almost unanimously positive across
all the studies. After SSC intervention, Molina et al. [53]
reported improvements in team discussions, physician
receptiveness to quality improvements, and overall com-
munication by 15%, 9%, and 11.9%, respectively [53]. Zin-
giryan et al. [54] reported improved communication in
76.4% of participants [54]. White et al. (2018) reported
improved teamwork and communication in 91% and 89%
of participants [55]. Tan et al. (2021) reported improved
communication in 85% of participants [56]. One study,
however, stood out as an exception; it demonstrated that
while nurses and anesthesiologists experienced signifi-
cantly fewer communication failures, surgeons found no
difference in communication with SSC use [57]. Despite
this outlier, other studies note that although nursing
staff involvement is especially important for compliance,
support from surgeons is also critical [58—62]. Notably,
safety culture also improved and was likely correlated
with fidelity to a checklist [63]. However, that fidelity
appeared to be compromised when staff perceived the
checklists as “add ons” [64].

Checklist financial impact

Few studies investigated the financial impact of SSC;
however, those that did noted SSC implementation was a
cost effective health intervention. Checklist implementa-
tion costs, length/cost of hospital stay, blood transfusion,
antibiotics used in the OR, the cost of OR time, and the
economic gain from additional years of life expectancy
were considered in studies that did evaluate the financial
impact of SSC. In their single-center assessment, Healey
et al. (2020) determined that for every 100 admissions the
SSC cost $900 to implement but saved $55,899 overall
[10]. Yu et al. (2020) discovered significantly lower hospi-
talization costs while Haugen et al. [20] witnessed a 40%
reduction in blood transfusion costs with implementa-
tion of the SSC [15, 20]. The SSC incremental cost-effec-
tiveness ratio (ICER) for one year of life loss averted was
$31-118 and for every $1 spent on checklist implementa-
tion $9—-62 was saved [65].

Checklist creation
Research indicates that checklists perform best when
they are targeted, simple, and contextually appropriate
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[38, 66]. Almeida et al. (2021) analyzed all surgeries per-
formed at their hospital or in their country to gain a more
comprehensive view of SSC impact [12]. Their findings
highlighted the need for a tailored checklist [12, 66]. Oth-
ers found that involving hospital staff in checklist crea-
tion helps create a contextually appropriate checklist [38].

Although contextually appropriate checklists are best,
this of course has its limits. A checklist made for just one
setting has more limited utility. With this in mind, using
findings from our literature review, and receiving input
from pediatric surgeons in HICs and LMICs we created
three age specific, adaptable, general pediatric surgery
checklists: Neonatal, Infant, and Toddler/Child.

These checklists have room for contextually-appro-
priate modifications depending on the operation and
resources available. Below is the Neonatal checklist as
an example. All three checklists are also located in the
appendix.

We also determined that there are important points
on neonatal, infant, and child physiology that the pro-
vider should be aware of prior to following the checklist,
administering resuscitation, and delivering anesthesia
(Appendix 2). This information complements the check-
lists and should serve as a reference for providers who
care for the sick surgical child. Broselow Tape is an addi-
tional reference that can be used to estimate appropri-
ate tube sizes, medication doses, and defibrillator shock
doses but its accuracy has been shown to be limited in
recent studies [67].

Pediatric surgery checklist (Appendix 1)
» Resuscitation [68]

+ Access as large bore as able to place: 24 gauge for
neonates, 22 gauge for infants,

+ Weigh neonate

« Initial bolus resuscitation with crystalloid fluids:
10-20 cc/kg (0.9% NaCl or LR)

+ Maintenance fluid rate by weight using the 4-2-1
rule

« Urine output:

+ <1year: 2-3 cc/kg/hr
« 1-3 years: 1.5-2 cc/kg/hr
+ >3 years: 1-1.5 cc/kg/hr

« Lab value targets
« Potassium > 3.7

« Bicarb>28
«HGB>10
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« If bowel is resected it will lower HBG and more
transfusion may be required

+ Achieve normothermia—use skin to skin contact,
heating blankets, and warm saline to maintain
the neonate’s temperature between 36.5 and 37.5
degrees celsius [69]

+ Abdominal concerns

+ Perform a digital rectal exam
» Decompress the neonate with an NG tube

+ Concern for sepsis? If yes then IV antibiotics such
as penicillin/ampicillin and gentamicin [70-72]
+  Weight-based dosing according to institution pro-
tocols
« Pain Control [68]

« Weight-based per institution protocols and avail-
able medications (paracetamol, morphine etc.)

« Do NOT use NSAIDS for patients with age<6
months, asthma, systemic steroids and bleeding
disorders

+ Do NOT use Aspirin for patients with age<12
years

+ Consent obtained from legal guardian
« Preop and Anesthesia [73]

« Parents educated on patient’s condition, proce-
dure, and expectations in culturally appropriate
and sensitive manner

« Size appropriate pediatric monitoring equipment
available and functioning

« Size appropriate pediatric respiratory equipment
available and functioning

« Avoid Halothane if possible [68]

« Breast Milk up to 4 h before scheduled proce-
dure

« Clear Liquids up to 2 h before scheduled proce-
dure

« Formula and Solids up to 6 h before scheduled
procedure

+ Endotracheal tube size

+ Use little finger as a measure

+ Perioperative Anxiety (most prevalent ages 1-5
y/o) [74]

« Mother present if possible, to soothe child—
even during induction if necessary

+ Oral midazolam administered if necessary

+ Surgery [68, 73]
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» Formulate plan for maintaining child’s tempera-
ture during the operation

» Adjust electrocautery and laparoscopic insuffla-
tion settings for patient size, weight and age, place
grounding away from site of surgery or potential
spillage

« Laparoscopic insufflation settings for patient size,
weight and age

» Weight based dosing of prophylactic antibiotics

+ DPost-operative [68, 73]

« Antiemetics available

« Parent/guardian present to help differentiate pain
from anxiety.

«+ Avoid overdistention of stomach if mask ventila-
tion necessary

« Post-operative fluid status assessed

Discussion

Research focusing on a variety of surgical subspecialties
including general surgery, neurosurgery, plastic surgery,
otolaryngology, orthopedics have shown the positive
impact of checklists on clinical outcomes [3, 9-22, 24,
29-31, 33-36, 39, 40, 4244, 46, 47, 49, 50]. The evidence
for checklist impact overall, however, is quite heterogene-
ous in terms of outcomes studied and the estimated mag-
nitude of the impact of the checklist. Table 1 attached in
the appendix displays the current literature on checklists
and shows this variation in existing literature. Never-
theless, the consensus impact of SSC remains generally
positive.

One challenge in evaluating checklist implementa-
tion is that different research groups have investigated
different post-surgical outcomes. Studies have focused
on surgical site infections, in-hospital mortality, overall
mortality, blood loss, reoperation, embolism and other
adverse outcomes. Although this complicates the overall
picture when comparing studies and some types of post-
surgical outcome have limited evidence, it also provides
a more complete description of the many elements that
might be improved through the use of the SSC.

Another critical element of SSC use explored
throughout the literature is the variability in adher-
ence and attitudes towards SSC and their impact on
clinical outcomes. Overall, staff attitudes are critical for
utilization compliance [58]. This perhaps suggests that
regular training and education on the purpose of SSC
are important for engagement of the team. Training
should specifically target collaboration with the surgi-
cal team since their cooperation is the most commonly
cited obstacle to successful implementation [60]. These
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trainings should also have implementation procedures
which consider previous experiences and feedback
in order to most effectively create a culture of safety.
When implementing a SSC it is also important to con-
sider the burden on a workforce in under-resourced
settings that is often stretched too thin. Ultimately,
SSC’s should not create more work but rather decrease
workload through improved patient outcomes.

Although a majority of providers have positive opin-
ions of surgical checklists, there remains a gap in knowl-
edge about their use. In order to bridge this gap there is
some evidence that digital SSC displayed on OR moni-
tors increases engagement and accessibility. Many set-
tings, however, do not have an OR computer monitor and
efforts to bridge this gap must be made elsewhere [61].
As with the consideration of not creating more work it is
vital to adapt these findings to the local resources as the
goal of the SSC is to standardize surgical care and pro-
vide guidance.

Towards the goal of providing standardized guid-
ance for pediatric patients, Ugandan pediatric surgeons
also developed the Pediatric Emergency Surgery Course
(PESC). It is a three day course targeted at rural general
surgeons and healthcare providers [75]. Similar to this
checklist the course aims to improve resuscitation and
referral patterns for complex surgical conditions such as
high anorectal malformations. It also aims to increase
provider confidence treating less complex conditions
such as pyloric stenosis. The course has been reviewed
favorably, demonstrating statistically significant improve-
ments in provider knowledge [75]. In the future, checklist
implementation could coincide with educational inter-
ventions such as the PESC. Not only should future work
coincide with contextually appropriate training but also
investigations and feedback should be gathered from
providers who use the checklist so improvements can be
made.

As stakeholders improve surgical outcomes and safety
locally and globally special consideration should be
given to pediatric surgery checklists. Surgical disease
represents roughly 28% of the world’s burden of disease
[76]. This burden disproportionately affects children in
LMICs; up to 85% of children in LMICs have a surgi-
cally-treatable condition by age 15 [77, 78]. The lack of a
pediatric surgery checklist for any setting further demon-
strates the need and potential benefits of a pediatric sur-
gery checKklist that can be adapted for different resource
levels. Further research on the topic is necessary espe-
cially regarding the differences between implementing
such a checklist in HIC and LMIC hospitals. As the first
checKlist seeking to inform surgical care on children for
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providers without significant specialized training and in
urgent, and often resource limited settings, it is impor-
tant to evaluate its implementation and effectiveness for
adult general surgeons.

Although this checklist had input from pediatric sur-
geons in HICs and LMICs, UIC, Mulago and Mbarara
were the only institutions represented in its creation. Our
pediatric checklist seeks to integrate as much knowledge
from the pediatric surgeons involved in its creation, how-
ever it is limited to their experiences and the resources
available in their institutions. We acknowledge that other
checKklists exist already and some may argue against the
utility of this checklist and its specificity to pediatric gen-
eral surgery. It has however been shown throughout this
paper that specific checklists have a role to play in differ-
ent surgical subspecialties, thus supporting our work in
the creation of this framework for pediatric general sur-
gery [74, 79-83].

We have sought to create a comprehensive checklist
with input from multiple pediatric surgeons. from both
high and low resource settings. We acknowledge that
SCC implementation is a process in itself requiring mul-
tidisciplinary review and feedback. Effective implemen-
tation requires adaptation to specific context in order
to achieve local buy-in. We have had extensive conver-
sations with surgeons in high and low resource settings
to determine the best way of making this checklist eas-
ily adaptable regardless of resource availability. Our cross
cultural checklist based on a comprehensive literature
review illustrates the importance of adapting checklists
to local practices to enhance them instead of implement-
ing a generic checklist. The aim of the pediatric SCC is
ultimately to enhance current practice and fill in gaps
which exist in pediatric surgery by creating a framework
that is both standardized and flexible to the context.

This iteration was based on a panel of pediatric sur-
geons from different resource levels. A next step would
be to obtain multidisciplinary feedback from other pro-
viders such as nurses, anesthesiologists during the imple-
mentation portion of this checklist.

Although there exist books with pediatric surgery con-
siderations, a concise checklist indicating clear actions
that are important for providers is necessary for settings
with limited resources. Countries such as Uganda with
few pediatric surgeons, general surgeons are required to
fill the gaps and provide care to children without a clear
standard of care. The next step for standardizing pedi-
atric surgical care in resource limited settings would
be evaluating the effectiveness of our pediatric surgery
checklist in practice by adult general surgeons in a variety
of settings in HICs and LMICs.
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Conclusion

The benefits of surgical checklists are far reaching:
improved teamwork, communication, clinical outcomes,
and patient safety all while saving hospitals and patients
money. Keeping in mind that checklists are most effec-
tive when they are tailored to the context and the patient,
we created three general pediatric surgery checklists that
can be adapted to different settings based on resource
availability and specific needs. This is the first set of
checKlists developed specifically for pediatric surgery and
providers should carefully weigh their benefits as they
consider how to appropriately use them in their practice.
This peer reviewed checklist steeped in robust literature
review is a critical first step in further standardization of
pediatric surgical care and highlights the most impor-
tant considerations in pediatric surgery in a way that is
accessible and concise for general surgeons to use in their
practice.
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