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Pediatric cardiac services are deficient in most of the world. Various estimates are that

between 80 and 90% of the world’s children do not receive adequate cardiac care for

their congenital or acquired heart disease. We began a modest effort in 1992 to assist

in the development of pediatric cardiac services in low- and middle-Income countries

(LMIC). Since then, we have provided services in 32 countries based on 3 distinctive

development strategies, in order to meet the local needs for pediatric cardiac services.

Our goal has always been to provide education, training and sufficient experience so

that eventually we leave a site with a fully functional, independently operating pediatric

cardiac service that is sustainable over time. The margin between success and failure is

dependent upon a number of factors and we hope that this chapter will provide others

with the tools for success.
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INTRODUCTION

Pediatric cardiac services are widespread in North America, Europe and along the industrialized
portion of the Pacific Rim. However, in the remaining parts of the world these services range from
simply inadequate to meet the national, regional or local need to entirely absent (1). The result
is that an estimated 80–90% of the children in the world with various forms of heart disease do
not have adequate care (2). The most common congenital defect, congenital heart disease (CHD),
and a preventable disease, rheumatic fever, account for a significant proportion of the burden of
child mortality in LMIC. Out of the over 1 million children born annually with CHD (3) 250,000
died untreated in the first year of life in those countries. Likewise, nearly 275,000 die of the
cardiac complications of rheumatic fever (4). While industrialized nations have a very low surgical
mortality for CHD or fully prevent rheumatic fever, these heart diseases continue to exert a taxing
toll in children born in LMIC.

Pediatric cardiac surgery is relatively a young specialty, with a simple yet significant first
successful ligation of a ductus arteriosus by Gross at Boston Children’s Hospital in 1938. Followed
6 years later by Crafoord’s first coarctation repair and Blalock-Taussig systemic to pulmonary artery
shunt historical operations (5–7). Cardiopulmonary bypass followed years later after Lillehei had
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used cross-circulation to perform intra-cardiac surgery (8). By
the late 50’s only two centers in the United States (University
of Minnesota and Mayo Clinic) and less than a handful in the
world (9, 10) were performing open heart surgery and the spread
of pediatric cardiac surgery did not began in earnest until the
early 60’s. We may struggle to understand why modern pediatric
cardiac surgery, after being practiced and refined for 60 years has
failed, unlike many other modern medical advances, to spread
world-wide (11). Several issues come to mind including, but not
limited to, excessive costs of imported capital equipment and
disposables, resulting in a limited number of sites performing
enough surgeries as to function as training sites. That combined
with a much slower pace of communications so that new
techniques and developments required months and sometimes
years to spread within the scientific community. The result was
that while centers developed and multiplied in the developed
world, only but a few successful ones developed in LMIC.
Assistance in pediatric cardiac surgery by teams from developed
countries began in the 70’s and has mushroomed since then (12–
15). We began our assistance in Colombia in 1991 and since
then have visited 32 countries, having completed over 560 trips
of between 1- and 4-week duration, with nearly 10,000 patients
operated to this date (16, 17).We have used a number of training-
education models to develop sustainable programs, whether de
novo or for improving existing sites. The success or failure of
an assistance program hinges on multiple factors which we will
explain in this chapter.

REQUEST FOR ASSISTANCE

The request for assistance (RFA) can come for practically any
source. Over the years we have received RFA from; colleagues
returning home after training, non-medical and medical ex
pats living in the United States, pediatricians and pediatric
cardiologists/surgeons in LMIC, civic groups/foundations in
the United States or abroad, Hospital Directors and Ministers
of Health (MOH) in LMIC and occasionally from the offices
of executive power officials (Vice Presidents or Presidents) of
LMIC. We have entertained every request with a response to
determine the viability of the RFA. The process of validating
a RFA varies depending upon the origin of the request. If the
RFA comes from a Hospital Director, MOH or the Executive
offices of the government, then they require less validation since
the decision and the funding to implement have usually been
approved (18). Meanwhile RFA coming from other sources may
require substantial work. Once we have determined the validity
of the source of the request, we send a detailed questionnaire
regarding the hospital facilities and a separate one regarding
the medications available locally (Appendices 1 and 2) for the
local team to complete. Photos are requested with the returned
questionnaire and from this we determine if a site visit is
warranted. The major issues to be considered before a site visit
is made are; adequate infrastructure and accessibility of the
hospital, local staff in all specialties to train, equipment needs
(will need to reconfirm on site visit), locally available supplies and
medications, philosophical support for program development

from the local team, hospital administration, regional and
national health directorates/ministries and local need for such
a service. Invariably the media will become involved which one
must remember can be good or bad for the local program if not
handled appropriately (19).

SITE VISIT

Occasionally a site visit is not necessary when adequate
information, photographic documentation and the completeness
and veracity of responses can be verified by a trusted local or
expat, fluent in the local language and preferably with some
medical background. We have been able to make a first surgical
trip without a site vetting visit to approximately 20% of the
more than 50 institutions we have assisted. Site visits, when
needed before the first trip, should be conducted by a biomedical
engineer, operating room individual (surgeon or nurse), ICU
person (physician or nurse) and an executive administrator
representing the visiting group. The basic requirements must
be reviewed for completeness in all areas of infrastructure,
equipment, power plant capabilities (and back up), personnel
and support services (radiology, laboratory, blood bank) (20).
The language of the visiting team can be problematic if the local
language is not the same, so translators will need to be present
if needed.

Discussions with all local stakeholders is critical as a thorough
understanding of local enthusiasm, support for the program
and motivation must be determined in all area’s personnel. We
have found that it is important to hold meetings with individual
groups by area first before a final discussion with the decision
makers. Local personnel are frequently anxious of sharing their
honest feelings or opinions when faced with administrative or
decision-making individuals present. Moreover, it is imperative
that you understand from the local team if there is a real
consensus on what type of program is desired. The visiting team
should not impose its plan for the site on the local team, rather the
visiting team must adhere to the local desires for their program’s
development. The plan must be consistent otherwise frustration
can develop on both sides. Once a decision is made as to the type
of program a site desires a plan can be drafted, a program can be
implemented, and actions undertaken (21).

PREPARATION FOR PROGRAM
IMPLEMENTATION

Once the site visit is completed a comprehensive overview of the
deficiencies in infrastructure, equipment, supplies, medications
and personnel should be constructed in a concise yet complete
manner. Depending upon the visiting teams experience in
providing pediatric cardiac services in LMIC this may be
done before departure or upon returning home. The benefit
to preparing the assessment before departure is that it can be
discussed with the local stakeholders prior to the site visit team’s
departure and earlier decisions made regarding who will be
responsible for correcting or alleviating the deficiencies, thus
allowing both sides to develop a financial budget for the program
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(22). Funding is a critical issue and the visiting team should have a
thorough understanding of who will be responsible for each line
item in the budget needed to correct deficiencies, transport the
visiting team and house them on location. The total expenses for
a program will depend upon the correction of the deficiencies as
well as the number of trips to be made within the timeframe of
the program.

PROGRAM MODELS

We are committed to the initial visiting team model as a
means to assess the local team and to determine which of our
teaching/training model will provide the local team with the
result, they desire upon program completion. Essential in the
assessment is a discussion with the local stakeholders regarding
the length of time they want to achieve the final result of an
independently functioning pediatric cardiac service or improved
service. Requests vary for program endpoints, from a service able
to provide routine pediatric cardiac surgery to those wishing to
improve their neonatal results. There are models used by others
which have been successful, but our focus is on the efforts we have
employed over the last 27 years.

Intermittent Visit Model
The Intermittent Visit Model (IVM) is the most frequently
used model by us as well as other charities to provide clinical
and educational services (23–25). In this model a team of
pediatric cardiac specialists visits the LMIC hospital for a variable
period of between 1 and 4 weeks. Early in the program, our
teams tend to be larger with enough individuals to provide
safe and complete care to all children undergoing intervention
(catheterization or surgery). Our usual team composition
consists of senior pediatric cardiac surgeon, pediatric cardiac
anesthesiologist, pediatric perfusionist, scrub nurse, pediatric
cardiologist, pediatric intensivists, pediatric cardiac ICU nurses,
pediatric respiratory therapist and biomedical engineer. Total
team size is dictated by the number of ICU beds and operating
rooms available. The team works as the primary caregiver until
we determine the capabilities of the local staff who are working
side by side with all our team members from the start. We
are adherents to the concept of graduated responsibility based
upon the local individuals’ skills and capability. Moreover, we are
advocates of high-volume caseloads since multiple publications
have shown that large volume centers tend to have lower
mortality rates (26, 27). Literature in surgical education suggests
that the more the trainee operates in simulations the faster
and thoroughly they learn surgical skills (28). Simulation is
impractical for cardiac surgical trainees in most LMIC secondary
to cultural issues and so volume of cases performed is important
(29). Certainly, the same applies across all specialties involved
in pediatric cardiac care. We must caution however on only
operating for large volumes of cases, whether in the OR or Cath
lab. An ICU filled to capacity with high acuity patients with a
limited number of experienced staff can lead to unwanted events
and mistakes (30–32).

Under optimal circumstances and with appropriate severity
case scheduling, up to 16–20 children may receive surgery during

a 2-week visit. We do not like to begin any program at an
inexperienced site with neonatal operations (33). Ideally, we
begin each trip with RACHS-1 category I and II cases and
only once we are certain that all organizational, personnel and
equipment issues are solved we will move to category III and
IV cases (34). We have started all our programs in this manner
when working at either inexperienced or de novo program. Sites
with developed programs requesting assistance to help improve
care with complex cases or neonatal surgery are started much
differently as dictated by the requested need.

The frequency of annual visits and the duration of the
program are dependent upon the end-point the institution
desires to achieve the time they want to achieve the goal and of
course the available funding for supporting the endeavor. Our
experience is that with de novo programs 5–7 years may be
required with 3–4 visits annually. Programs that are established
require less time, but we believe the frequency of visits should not
fall below 2 annually. Less visits allow a return to the old habits
and standards that you have been asked to change.

Mentorship in every aspects of the specialty is the cornerstone
of our educational approach. However, scheduled and
impromptu lectures and learning opportunities constitute
a significant part of the educational experience we provide
(35). Superb educational opportunities exist in two
very important multi-disciplinary meetings: The patient
evaluation/management conference (held at the beginning of
a trip) and the daily morning rounds in the ICU (36, 37). The
cardiology/cardiac surgery management conference is based
upon the pre-visit evaluations and diagnostic studies performed
by the local caregivers. All specialties are invited to attend,
and interactive participation is encouraged and expected and
occasionally solicited from the local participants who are not
cardiologists. Expected participants aside from the surgeons and
cardiologists are anesthesiologists, perfusionists and the lead ICU
nurses from the visiting and local teams. Each case presented is
thoroughly reviewed and if additional studies are required an
explanation is provided. A surgical approach is recommended
by the lead visiting surgeon and options solicited from the local
team. Once the cases are reviewed and plans agreed to, then
a surgical schedule is constructed that will provide optimal
movement and bed availability in the ICU. Emergencies can
alter the schedule and we leave the decision of which case to
cancel so the emergency can be cared for to the local team. Daily
multi-disciplinary rounds are made in the ICU each morning.
We provide 24-h ICU coverage with our team’s ICU nurses and
either an Intensivist or Nurse Practitioner. Morning rounds in
the ICU are led by the bedside nurse who cared for the child
during the night. Upon completion of the trip the afternoon of
the last day is reserved for the debriefing session.

Resident Senior Surgeon Model
A senior retired surgeon or a surgeon fully dedicated to
humanitarian efforts can assume residence in-country for several
years or permanently (38). This model generally occurs at
a site where an existing program wishes to expand surgical
volume and/or complexity and often to improve morbidity
and mortality. We have no experience in using this model to
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establish de novo programs.We have used this model successfully
in Nicaragua. Several years are required, and the surgeon-in-
residence must be prepared to provide guidance in all aspects
of pediatric cardiac services; clinical, administrative, financial,
media relations and politics. The growth of the assisted program
requires careful yet progressive nurturing and the support of the
hospital administration. The development of a relationship with
a local charity and with philanthropic individuals and corporate
entities is critical to the success of the program.

The clinical management is similar to the Intermittent Visit
Model but due to the number of inexperienced local healthcare
professionals the volume of work is usually less initially.
Education is at all levels and the establishment of locally driven
continuing medical education is a must. A Quality Improvement
program should be started, and monthly meetings held with
all stakeholders involved in the clinical care. Research projects
can be generated and should be pursued at both the nursing
and medical staff levels. The initial design and implementation
of a patient registry and database provide the site with the
opportunity to review results regularly, identify problems early,
provide data for clinical studies and stimulate patient follow-
up. A relentless approach is necessary to achieve success with all
development programs, but with this model it is essential that
early in the process the surgeon-in-residence must enlist local
leaders to cover all needs.

Team in Residence Model
A very ambitious model is the Team in Residence (TIR) model.
The concept is to place a team of specialists in-country residence
for periods of 1–2 years on a nearly continuous basis (39). We
have essentially 3 different but interconnected teams with this
model; surgical team (surgeon, anesthesiologist, perfusionist, ±
scrub nurse), the ICU team [(one or two Intensivists, a ICUNurse
Practitioner and/or Nurse Educator and 2 ICU nurses) and the
cardiology team (interventional cardiologist]. The surgical team
is on-site for 1 month and the ICU team for that month and then
a week stay over, whereupon the surgical team returns with a
new ICU team and the cycle repeats for the entire 12 months.
Breaks occur according to the local and visiting team holiday
calendar. Usually the surgical team is on-site 36–38 weeks out of
52 and the ICU team 44–46 weeks during the same period. The
interventional cardiology team provides coverage when devices
are available, and this usually is not more than 1–2 weeks every
3–4 months.

The major advantage to this model is that the local team
is exposed and trained on a variety of cases from simple
to complex with moderate volumes of patients each month
(Table 1). The progress of the local team is usually faster
by gaining responsibility as primary caregivers over a shorter
period (40–44). The major disadvantages to this program are
the expense and the difficulties regarding recruitment for the
visiting team. We have used this model in only two countries,
Iraq and Libya, but at 4 different sites to date (Nasiriyah in
Iraq and Benghazi, Tobruk and Tripoli in Libya) (45, 46).
Placing pediatric cardiac specialists in-country for 4–5 weeks
could potentially be solved by a volunteer team, but not 9
times in 12 months. We have full time staff working for the

TABLE 1 | Variety and Complexity of Cases under Team in Residence Model.

Nasiriyah, Iraq

(01/05/14–01/29/14)

Tripoli, Libya

(06/04/18–06/29/18)

Age (N)

Newborns 2 2

Infant 11 4

Children 30 34

Adults 2 0

Total 45 40

Rachs Class

RACHS I 7 8

RACHS II 26 20

RACHS III 8 11

RACHS IV 1 1

Non-RACHS 3 0

Total 45 40

foundation in each aspect of the specialty and they provide a
steady foundation as the basic team. We augment the team
with volunteer nurses and occasionally respiratory therapist in
addition to the interventional cardiologist. Expenses are provided
by the government of the country requesting help, usually from
theMinistry of Health, but in some cases from the regional health
care directorate.

Nursing Education/Empowerment
The process of collaboration to develop nurse education requires
recognition of the already the established processes and practices
at any given site. It is not conducive to building trust to come
in and to “takeover.” Our organization focus on inclusion of the
local team, respect for their ways and developing a practice over
time. Our goal is to build sustainable services and this process
requires that our local counterparts are invested and feel valued
in the program.

Our philosophy is to educate the local nurses so that they
can competently care for all the children before or after cardiac
surgery or intervention. Nursing education in LMIC varies
greatly and a thorough assessment of the educational foundation
and experience in caring for children is necessary before clinical
services begin (47). The formal learning needs assessment is
performed on site during the first visit. During this stage each
local nurse is directly supervised and supported by a nurse
mentor from NCA. The direct supervision and support in the
early phase enables us to provide education and explore local
policies and procedures without compromising patient safety or
quality of care.

The aim of nurse education is to ultimately empower local
nurses to make decisions about the care they provide using a
systematic process. Initial teaching focuses on task and skill
acquisition, for example drug calculations, basic life support,
equipment use, blood port sampling and recording of vital
signs. With each subsequent visit by the team we reinforce
the already learned practice and build the complexity of the
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educational development (48). In most of the countries we
visit the nurse education system has focused on didactic
teaching and memorization type learning which means the
nursing team often “know” information, however, they have
no experience of applying the principles of knowledge to
different situations. Learning clinical decision making requires
a different type of mental activity than merely remembering or
knowing information and to facilitate this we introduce learning
strategies that encourage productive models of thinking such as
medium fidelity simulation and problem-based learning. These
teaching modalities support the nurses as they learn to apply
their new level of knowledge and reasoning to multiple clinical
situations (49).

The ability to make decisions in practice is often aided by
strong and supportive Multi-disciplinary team (MDT) working
and we encourage each site to develop a flat hierarchy which
empowers team members to contribute their ideas and opinions.
In the ICU we undertake formal MDT ward rounds every day
and nurse led handover is encouraged and facilitated.We actively
perform this process from the first visit so that local nurses come
to understand that they are active participants in the care of the
children and that their contribution is essential in the child’s
recovery. The combination of education and empowerment of
the nursing team aids in the development of nurses who canmake
informed and accurate clinical decisions, quickly detect patient
deterioration and positively impact patient care (50).

Interventional Cardiology Services
The addition of an interventional cardiology program constitutes
a necessary goal when aiming to organize a sustainable congenital
heart program (23).

Although the development of a successful interventional
cardiology program depends on the availability of a specialized
catheterization laboratory, often times in our experience we
choose to team up with available adult catheterization labs, which
happen to be ubiquitous in low- and middle-income countries.

Thus, the key issue would be the choice of a person suitable,
after proper training, for the role of pediatric interventional
cardiologist. When a trained local interventional cardiologist is
not available, then the search for an appropriate candidate is
conducted among local non-invasive pediatric cardiologists or
adult interventional cardiologists. The advantage of the former is
a better understanding of the physiology of the heart defects and
the familiarity with echo, while the latter have the best technical
skills in working with catheterization equipment.

Although catheterization laboratory practice may differ in
different countries, nevertheless we would like to point out
some common features, typical for almost all catheterization
laboratories we have worked with:

1. Significant limitations exist in supplies availability.
A visiting interventional cardiologist should realize that the

majority of diagnostic procedures will have to be performed
using a minimal set of diagnostic catheters and guidewires.
Berman catheters or wedge balloon catheters are quite rare,
as well as delicate equipment used in small children (e.g., 4
French introducers and catheters).

As most cardiac catheterization materials are disposable,
a steady supply chain must be established to provide
uninterrupted services. A cost-benefit analysis of certain
catheterization procedures has to be weighed against the ready
availability of re-sterilizable surgical supplies. For example,
a simple surgical PDA ligation may be more cost-effective
than device closure in the cardiac catheterization lab when
taking into account the cost of sheaths, catheters, wires, and
the actual PDA occluder device. However, a similar cost-
benefit analysis for procedures requiring open heart surgery
may indicate quite the opposite. For instance, surgical closure
of an atrial septal defect would require the additional costs
of an oxygenator and tubing set, sutures, temporary pacing
wires, temporary pacemaker, chest tubes, additional ventilator
supplies and ICU disposables, multiple lab tests and blood
bank products. Whereas, an uncomplicated transcatheter
device closure of an atrial septal defect can be done safely, with
minimal ancillary support, transthoracic echocardiographic
guidance, and conscious sedation. Another consideration
to be addressed are the societal and cultural implications
of surgical scars especially in the female patients. Where
applicable and safe, transcatheter repair of some defects may
be the procedure of choice (51–53).

2. The absence of an anesthesiologist member in the team with
enough experience to work with children.

It should be taken into account during trip planning phase,
becausemost often you have to recruit staff from the ICU team
to work in the catheterization lab, unless specific preparations
have been made in advance.

3. The need to re-educate staff in adult catheterization labs to
work with children.

The key strategies are the introduction of more delicate
vascular access (use of thinner needles and introducers,
puncture under echo-guidance, avoidance of unnecessary
arterial access); precise monitoring of hemodilution and blood
loss (use of small syringes for flushing, accounting the flush
volume); temperature management with obligatory patient
warming; careful monitoring of hemodynamic changes
(arrhythmias, hypotension) with aggressive management
and strict infection control, In other words, implementing
strategies that usually do not play a significant role in the
coronary catheterization lab. As a rule, the introduction of
such philosophy takes a significant amount of time, depending
on trips frequency and volume of cases.

4. Challenges with hemodynamic evaluation.
In many catheterization labs in LMIC the absence of a

hemodynamic module or its malfunction is common. In
these cases, any hemodynamic studies, such as pulmonary
hypertension study, become quite problematic. In several
cases, we managed to get out of a difficult situation by
using an ICU patient’s monitor with the possibility to freeze
the invasive pressure curve and measure a pressure at a
certain point of the curve (e.g., end-diastolic pressure of the
systemic ventricle).

5. A bias against routine hemodynamics assessment.
The tendency for most interventional cardiologists

working at sites we have visited, tends to be biased toward
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performing procedures (e.g., device placement) rather than
doing methodological diagnostic catheterizations (54). It
is not uncommon to receive Cath reports, performed by
local pediatric interventional cardiologists in the LMIC
we visit that have incomplete data. This bias although not
limited to developing programs, it is widespread among
local practitioners and a sensible education process must be
implemented early on to change the culture of the site.

In conclusion, the development of the pediatric interventional
cardiology program as part of the whole congenital program is
depending on maintaining the focus on the three main training
strategies to be developed simultaneously:

1) Basic diagnostic and hemodynamic studies, which, combined
with perioperative interventions, could provide a basic
support for the surgical program. It usually takes about 1
year to develop depending on trips frequency and number of
procedures performed on each trip.

2) Neonatal catheterizations and interventions for critical heart
defects (55). In our opinion, this is the key strategy for the
development of a sustainable congenital program. Firstly,
because the learning curve for neonatal interventions for
critical defects is significantly shorter than that for emergent
neonatal surgery. Secondly, such neonatal interventions as
balloon atrial septostomy, aortic or pulmonary valvuloplasty,
and in some special patients stenting of PDA or RVOT, which
cover the majority of critical heart defects, allowing for the
stabilization of the neonate, providing a bridge to correction.
The successful development of neonatal interventions will
open, in a relatively short period of time (usually 1–2
years depending on frequency and volume), the possibility
to provide an emergency services for the most vulnerable
category of patients in the covered region. In our experience,
such approach significantly increases the credibility of the
program by pediatricians and neonatologists in the region,
facilitating the organization of a country wide referral network
for critical defects, contributing to the development of the
program as a whole.

3) Interventions that include balloon valvuloplasty, implantation
of stents and devices may, in time, amount to a significant
group of patients. Such “curative interventions” could provide
an additionalmotivation for local interventional cardiologists,
and eventually bring extramedia, financial or political benefits
for the congenital program. Unfortunately, devices remain
underutilized in LMIC due to high cost. In many countries,
device implantation is still a more expensive intervention
when compared to open-heart surgery (56).

Anesthesia Services
At every site we visit, we aim to perform cardiac anesthesia with
similar standards as we are used to practice in our countries of
origin. In order to do so, there are a few hazards that must be
accounted for as we set up.

Medication Error
Local drugs are often labeled in languages our anesthesiologists
are not familiar with. The packaging dose may differ from the one

we are familiar at our home institution. Brand names may or may
not be similar. Standardization of effective drug concentration
may differ from what it is printed on the label, such as it is
the case with some generic drugs produced in laboratories with
lower or absent quality control (57). These issues have been
particularly noticeable when using Heparin/Protamine from
different manufacturers.

Time has to be taken to understand these differences, to draw
the drugs to be used in labeled syringes with enough anticipation
and, when available, take advantage of the invaluable help a local
anesthesiologist or anesthesia technician fluent in both languages
may provide, as to avoid potentially lethal iatrogenic mistakes.

Blood Loss/Coagulopathy/Blood Products
Hospital blood banks, while always available (a litmus test
during our vetting process), tend to be less sophisticated than
those in developed countries. This is particularly evident when
confronted with the limited offer of fractioned blood products
(e.g., Cryoprecipitate and platelets). The theoretical advantage of
working in resource limited countries is that whole fresh blood
from a family member is almost always readily available, limiting
potential cross-reactions while offering young red cells, platelets
and factors with a lower Potassium concentration than old blood
bank bags (a deadly issue when dealing with neonatal/small
infant surgery), at a relatively low cost (58).

Early diagnosis and consequent management of post-
operative coagulopathy is not simple unless the proper
equipment is available. Unless a specific defect on the
coagulation cascade is identified through the timely use of
thromboelastography (TEG) or Rotational thromboelastometry
(ROTEM), it will be unlikely that a true coagulopathy could be
treated before depleting the blood bank reserves and spending
hours in the operating room, with the known deleterious effects
of hypothermia andmultiple transfusions (59). In our experience,
as well as others (a) we have found that, when available, the use
of HepCon coagulation monitor does improve the monitoring of
Heparin/Protamine dosage, to a better degree of accuracy than
Activated Clotting Time (ACT Test) while significantly lowering
the need for unnecessary transfusions and time in the operating
theater (60).

As it is the case in more affluent societies, there is no substitute
for good post-operative surgical hemostasis and regulated patient
temperature control.

Temperature Control
A critical part of open-heart surgery is the ability to control
patient body temperature throughout the surgical event and in
the early post-operative period. This is especially important in
neonates due to their own limitations to self-regulation.

A normal temperature may be easier to achieve on patients
undergoing open heart surgery with cardiopulmonary bypass
but in many sites less than ideal operating room temperature
control may induce early hypothermia and in rare occasions
hyperthermia. The lack of external means of temperature control
(warm air flow, cooling/warming blankets, etc.) should be a
significant concern in the anesthesiologist mind as surgical
planning takes place.
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Time-Out Before Procedures
As part of our daily practice, but most importantly, part of our
education process, we have implemented a Time-Out routine in
every country we operate regardless of local custom (61).

The process is carried out by our anesthesiologists after
draping of the patient but before skin incision. It includes name,
age, diagnosis, planned intervention, need for synthetic materials
(shunt, patch), planned cannulation, aimed temperature, dose
of cardioplegia, planned inotropic support, use of modified-
ultrafiltration, and need for residual shunts measurement at
the end of the case as well as blood availability and use of
perioperative antibiotics.

We have achieved, over the last 4 years, a 95% compliance to
the Time-Out routine, independently of primary surgeon (our
staff member or a local one).

Modified Ultrafiltration (MUF)
We use MUF in all patients under 10 kg and some patients under
15 kg (surgeon’s choice) as part of a larger fluid management
strategy that is initiated in the operating room and continues
in the intensive care unit. The aim of this strategy is to avoid
unnecessary fluid overload and to promote early extubation since
a fast-track pathway is essential when operating in environments
with a limited number of ICU beds that do not allow for
prolonged post-operative ventilator support. The extension of
this tight fluid management strategy in the ICU includes the early
use of a peritoneal dialysis catheter on post-operative day one
when urine output is less than satisfactory.

Limitations to Post-operative Evaluation
Poor cardiac function after aortic cross-clamp, residual air in
left sided cavities and residual shunts play a significant role in
the postoperative morbidity and mortality of these populations.
The inability to rule out these issues by performing trans-
esophageal (TEE) ultrasound, either due to absence of trans-
esophageal probe (a common occurrence in our experience)
or lack of a second ultrasound machine for exclusive use in
the operating theater undoubtedly play a significant role in the
higher morbidity/mortality.

This issue may be palliated by epicardial echocardiogram
(when a machine is available) using a sterile sleeve and the
regular trans-thoracic probe. In the absence of TEE or Epicardial
echo, as it is the case in most of our surgical sites, we have
tried to implement an alternative substitute by performing a
residual shunt calculation by direct measurement (SVC and
PA) on 50% or less FIO2. While this procedure prolongs the
anesthesia time by 15min or so, it may avoid an unplanned
trip to the operating theater for reoperation of residual intra-
cardiac shunting and a protracted postoperative ICU stay.
Likewise, while still in the operating room often we use direct
measurements of hemodynamics (needle and sterile pressure
tubing) to measure blood pressures in different cavities as well
as residual gradients.

Perfusion Services
Currently the state of formal perfusion education in the LMICs
we service is virtually non-existent. Since the ability to attend

perfusion school is unfeasible, many LMIC perfusionists learn via
an apprentice model as it was the case in the USA in the 1960s
(61) Although some sites already have experience with perfusion
(particularly adults) almost all sites require long term intensive
perfusion assistance. This enables the techniques, unique to
pediatric perfusion, to be fully and safely implemented. Utilizing
experienced pediatric perfusionists certified inWestern countries
who may have clinical experience based on hundreds of perfused
cases combined with a strong base knowledge to draw from,
enables a rich educational experience for the local perfusionist.

Perfusion circuitry is single use medical equipment, so the
availability of this equipment varies by country. Operating in
many different locales, we can appreciate the need to perform
perfusion techniques differently albeit safely. To maintain a
united front in our varied practices’ we adhere to The American
Society of Extracorporeal Technology Standards and Guidelines
for Perfusion Practice which have allowed us to enact meaningful
change, including pre-bypass checklists and intra operatively
charting of perfusion parameters at our sites (62).

Pediatric perfusion has become a niche practice and now even
offers a fellowship credential (63). As the practice of pediatric
perfusion grows every day, more literature becomes available
inclusive of technique articles that we have published in peer
reviewed, open access journals (64, 65). We continue to explore
new means to conduct pediatric perfusion while maintaining
optimal outcomes during our goal of producing expert perfusion
clinicians which in turn can train the next local generation.

Biomedical Engineering
Working in LMIC is challenging and one area where it can
be especially difficult is equipment. The site questionnaire will
give you some indication of the equipment present but until
the site visit you cannot be sure if the equipment listed is
actually functional and has all components needed. We routinely
solicit donations of equipment from hospitals and clinics when
they upgrade. Donated used equipment from the United States
or Canada to be used abroad must be check for capability of
dual power input (110v/220v) otherwise a voltage converter
or transformer should also be included in the donation. The
need for a biomedical engineer on each trip is paramount to
the success of a surgical trip, particularly when visiting sites
with old, refurbished or poorly maintained equipment. The
individual should have a broad range of experience as repair can
be required on bypass units, heater/coolers, electro-cautery units,
surgical overhead and fiber-optic headlights as well as a variety
of anesthesia machines. The ventilators, monitors, infusion and
syringe pumps in the ICU also can come from a variety of
manufacturers. Also, we utilize our biomedical engineer to assess
and familiarize himself with the hospitals back-up generator and
oxygen sources, whether central or tank supply.

Operating Room Services
Work in the cardiac operating room department involves
multidisciplinary teamwork including anesthesia, perfusion, OR
nurses and scrub technicians. The operating room (OR) team
of NCA works in close collaboration with the local OR team
to provide safe and successful surgical outcome. Prior the first
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inaugural trip NCA surgeon, perioperative nurse and biomedical
engineer communicate with local staff to ensure that all essential
medications, disposables, and equipment are available locally.
In general, host hospitals are responsible to provide surgical
instruments, medicines and supplies necessary to provide open
heart surgery. Items not obtainable locally are provided by NCA
with the help of donations from medical companies and private
donations and shipped to the hospital. In many instances NCA
team is responsible to provide instrument sets for surgeries
because new centers are not equipped with delicate and specific
pediatric tools. Many centers lack emergency opening set which
is designated for emergency chest opening in the ICU. The
centers that commit to a program building often receive request
from NCA surgeon to secure at least two full surgical sets
and one emergency set. Other essential equipment that are
usually lacking at new sites are surgical headlight, reliable blood
gas machine, oscillating saw and infant/pediatric defibrillator
paddles. NCA team would bring all this equipment per trip needs
and eventually as the program grows the host hospital secures
those items locally.

Procurement of medical supplies for surgical trips is extensive
and ongoing. Many countries require a full support from NCA to
provide disposable materials for surgeries. Thanks to donations
frommedical companies, non -profit charities and hospitals from
the United States we are able to meet the challenges and provide
necessary supplies. Many donated items are close to expiration
date or expired and some countries are willing to accept those
items while other require a minimum of 1 year of a shelf life for
the same items. Expired supplies are repackaged and re sterilized
in host country according to the type of material in autoclave,
ethylene oxide or formaldehyde sterilization process for the heat
sensitive items.

One of the main reasons why NCA is traveling to low income
countries is to provide education in pediatric cardiac surgery and
to bring the latest standards and practices in pediatric cardiac
care to local physicians and nurses.

In the countries where we travel, we have experienced the
shortage of cardiac anesthesiologists, OR nurses and pediatric
perfusionists. Due to the shortage of personnel, many hospitals
would offer us the group of doctors and nurses to teach but
only few of them would accept to continue with education.
The problem that we face in low income countries is that
these professionals are doing two jobs in order to meet living
needs and they simple cannot afford to spend more time in
the hospital. In order to be successful, we need to be aware of
the culture and sensitive to the needs of the host. Therefore,
our educational approach must meet the needs that would
go side by side with their respective beliefs. The education is
conducted in English language. Most physicians speak English
language while the main challenges are with non-English-
speaking nurses. In that case we would ask physician to translate,
provide on site medical translator and translate educational
materials in a local language. Most commonly we work side
by side with a local nurse and doctor and monitor their
work closely.

Each center is required to perform a time out before the
procedure begins to ensure that the entire surgical team is

familiar with the patient, procedure and that patient is ready for
the surgery (66, 67).

The role of NCA operating room staff is not only to teach
about particular surgery but also to provide education and
additional information in all other aspects of the perioperative
department from cleaning, disinfection and sterilization to
keeping up with correct temperature, relative humidity and
air currents to prevent airborne transmission of infectious
particles (68).

Providing Service in Conflict Zones
For the most part, global conflicts have been limited to LMIC
since the end of World War ll. However, terrorists’ attacks
have occurred in several European countries in addition to the
United States as well as LMIC. The emergence of Al Qaeda
and ISIS in the Middle East, North Africa and Central Asia
over the last 18 years has created armed conflict zones in LMIC
where previously there were none. The world has become a more
dangerous place over the last two decades and nowhere is totally
safe (69, 70). Since the most underserved regions of the world for
children with heart disease are LMIC, the chances of being in or
near a conflict zone are considerable (71). Children located in or
near conflict zones deserve our assistance just asmuch as children
anywhere else. Security and safety for the team is paramount
and an objective assessment should be made by experts coupled
with trusted individuals on-site if you are entertaining working
in a conflict zone (72). Additionally, the Foreign Ministries or
State Departments in the countries of origin of the visiting
team can also provide you with security assessments/warnings.
Those doing humanitarian work in a conflict zone should notify
their Embassy at the place of deployment, with arrival and
departure dates and a local telephone number to contact you
should a change in events warrant early departure/evacuation.
Our teams have been evacuated twice in our 27-year history,
from Belgrade after the NATO bombing started in 1999 and in
Benghazi in 2014 when the civil war erupted in that city. On both
occasions we were evacuated by the Ministry of Interior and no
team member suffered any physical or significant psychological
injury. We have been in conflict zones when fighting started
nearby but did not require evacuation; West Bank with the
second Intifada, Pakistan when Al Qaeda attacked the Pakistan
Army’s General Headquarters, Iraq with invasion of ISIS and
Tripoli when a militia attempted to overthrow the government.
When working in such areas it is critical to have daily
security updates in order to make decisions insuring the safety
of the team.

Benchmarks and Indicators of
Improvement
We are pleased and rewarded when we provide or assist in
successful interventions that improve the life of a child providing
them with the opportunity of a future. Such altruistic action
benefits the child, removes psychological and financial burdens
from the family and is seen by the local staff as a reward for their
hard work. Each intervention must also serve as an educational
event in order to advance the experience of the local healthcare
providers. The goals set for the program prior to beginning must
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be focused on with every trip. We establish benchmarks for
achievement and will frequently focus on a particular type of
defect during a trip, collecting a few cases so that we can allow
the local team to assume primary responsibility for all phases of
care. Careful mentorship and active assistance are needed so that
success is achieved, and confidence is instilled in the local team.
We are responsible for the safety of the child first but maintaining
the moral of the local team is essential for their progress and
development of confidence.

Earlier we mentioned the need for a local database and one
of the benefits is that both the visiting team and local team
can see the interval progress made when the visiting team is
absent. We cannot overstate the need for interval advancement
assessment by both participants in this collaborative effort
to improve pediatric cardiac care. We also recommend that
each site participate in the International Quality Improvement
Collaborative in Pediatric Cardiac Disease (IQIC) (73). A review
of interval work formally or informally should be done at the
beginning of each trip. We have found that this provides us,
the teachers, with the information needed to decide whether
to take the next step or continue to work on the previous
defect until satisfactory results are obtained. Our approach is
to review interval data for volume of work done, complexity of
defects receiving intervention, mortality, morbidity along with
ICU and hospital length of stay. A comprehensive annual review
with comparison to previous year(s) should be performed and
statistically analyzed if possible. The IQIC provides reports to
each site as well so that the site can compare themselves to similar
programs (74).

The registry of patients evaluated allows the local team
to assess the impact of their program by enabling them
to determine if the volume of patients being evaluated is
increasing. Additionally, the registry can provide the local
team information regarding prevalence of defects within
their referral area. Moreover, by maintaining and reviewing
the registry the local team can assure that patients are
seen and followed in a timely fashion thereby possibly
preventing some of the complications of palliative and
untreated CHD.

Quality Improvement/Assessment
A review of the work performed on the visit to highlight
improved areas as well as discussing issues that remain
organizationally is important and we combine this with a
mortality and morbidity discussion. One must be attuned
to the cultural issues when conducting this review/de-
briefing and avoid personalizing failures. Catastrophic
failures resulting in deaths should be addressed immediately
so if systems failure is the issue it can be corrected to
prevent future failures. If the catastrophe is the result of
an individual’s mis-adventure a direct discussion privately
with the involved individual(s) should be conducted (75).
Transparency and honesty are needed if personnel and
program growth is to continue. The QI/A meeting should be
a regular occurrence on a monthly basis conducted by the
local team.

System failures may be organizational and more easily solved
than infrastructural ones. We must be aware that expensive
alterations in infrastructure may require significant time to
correct and short-term alternative options may be needed. We
have partnered with sponsors both abroad and locally in some
cases to provide expensive infra-structure improvements. When
then issue is exclusively limited to equipment failure, then
donation of refurbished equipment is something that is much
easier to solve, keeping in mind differences in electrical current
types and furnishing the appropriate transformers along with
the devices.

Ethical Considerations
Ethical issues are to some degree dependent upon the location
and culture of the country you are assisting (76). Some cultural
beliefs espouse a policy of no withdrawal of life support even in
patients declared brain dead. Others forbid extended visitation
in the ICU and still others do not want to “waste resources” on
children with chromosomal abnormalities. Whereas, you may
be the expert in congenital heart disease you may be ignorant
of ethical differences depending on the country. It is always
best to defer to the hosts in delicate issues unless they impact
patient care. One example would be a site which does not want
to utilize the resources for open repair cases in patients with
Trisomy 21 but will reluctantly agree to a palliative procedure
(77). Youmaywant to avoid a controversial situation which could
potentially result in an argument and disrupt the relationships
you are trying to develop, while trying to explain the decreased
burden on the health care system if such patient receives a
complete repair (78). Navigating situations like these can be
difficult, but we have successfully removed the stigmata of
“Downs Syndrome operations” in every country that has initially
resisted. Religious and ethnic differences are also excuses used
to deny operations in some countries and one must work hard
to overcome this discrimination against a child. The differences
in gender approach can result in very uncomfortable to outright
disastrous situations if one is not cognizant of cultural differences
(79). When one is dealing with someone of a different gender it is
always helpful to allow the hosts to lead the approach whether it is
with a greeting, performance of a physical or diagnostic exam. All
trips eventually come to an end and this can be the most stressful
and ethically challenging time of the visit. Once parents realize
that your visit is nearing an end, they may become frantic if their
child is not on the operative list. Moreover, they will at times hide
critical information from the team regarding recent infections.
Also, it is not uncommon that some child with complex defect
appears at the end of the trip and both the local team and parents
are expecting an operation (80). We routinely provide an ICU
stay over team in the initial stages of our programs, but even in
this situation we prefer to decrease the complexity of the cases
performed so that the ICU acuity is reduced, and we are confident
that the stay over team can depart without anyone in the ICU.
Performing a complex repair on the last days of a visit that will
require ICU care beyond the time limits of the stay over team is
an ethical challenge and has no simple answer.
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SUMMARY

Pediatric cardiac care is deficient in most of the world and as
a result hundreds of thousands of children with congenital and
rheumatic heart disease die annually. The majority of population
growth is in LMIC, the very regions where deficiencies in
pediatric cardiac care exist. Bringing children out of their
countries for surgery in more developed healthcare systems
results at best in a few hundred receiving life-saving care at
a prohibit cost for the family or the sponsoring government
or institution. The only long-term solution is to build local
capacity. We have described our models which have all led to
the development of successful programs, but we have failures as
well. The choice of the site for development is critical, but cannot
always predict the imponderables of politics, conflict, financial
collapse, or personnel failures.
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