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Targeted questions
1. What does the literature tell us about the relationship between pediatric case
volumes and outcomes (mortality, morbidity, cardiac arrests, infection rates, pain
management, readmission rates, etc.)?
2. Is there anything in the literature to suggest minimum facility and/or provider
volumes to maintain competence in pediatric surgery/anesthesia/nursing?
There is a considerable amount of literature on the topic of case volumes both at the level
of the health care provider and the institution. While a significant amount of this literature
focuses on adults,1 there is also a wealth of pediatric information. I have focused on
reporting and summarizing the information from the pediatric literature. However, it is
important to note that this literature is primarily health services research, often uses
retrospective administrative data for analyses, and is of varying quality. There is no
randomized controlled trial information, and I did not encounter any literature that was
able to take advantage of natural experiments. While studies often compare children
treated by pediatric anesthetists/surgeons/pediatric trauma centres with those treated by
clinicians who primarily practice on adults, there was often a lack of controlling for other
possible confounding factors, and a suggestion that there could be some important
differences between these two groups of patients. Thus, the evidence is not always of
highest quality.
There are several different areas that this literature covers. While there is obviously some
overlap (e.g. optimal surgical outcomes rely on good anesthesia outcomes and high quality
pediatric nursing care), I have tried to break it down into several different areas of health
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care. I will briefly review some evidence regarding case volumes and anesthesia, surgery,
trauma, oncology, and nursing other ancillary services. I will then report on some of what
has been done to address these issues in the United States and England. Finally I will briefly
report on what the literature had to say regarding the challenges of setting achievable,
meaningful minimum thresholds.

Anesthesia
Reason for concern
There is a substantial amount of evidence indicating that anesthesia is more complex in
younger patients—anesthetic complications increase as age decreases.2-4 Relative to adults,
there is a higher incidence of cardiac arrest and death in pediatric patients undergoing
anesthesia2, 5-7—both bradycardia and pediatric respiratory adverse events (PRAE) are more
likely to occur in children. 3, 6 While Morray et al. originally concluded that medical-related
problems were the most frequent cause of anesthesia-related cardiac arrests in children
between 1994 and 1997,3 an update of their research suggested that, due to the declining
use of halothane (a type of general anesthetic), this was no longer the case in 1998-2003.8
Instead cardiovascular causes (41% of all arrests) followed by respiratory causes (approx
20%) were the most common cause of cardiac arrests. 8
The concerns regarding the safety of anesthesia increase, as the age of the child decreases.
Morray et al. reported that 55% of all anesthesia-related cardiac arrests occurred in children
younger than 1 year of age. The incidence of complications in infants (less than 1 year) has
been reported to be nine times greater than children aged less than 15 years.9 Malpractice
claims also suggest that mortality is greater in pediatric claims compared to adult claims and
that, in these cases, anesthetic care is more often judged to be less appropriate.10
Pediatric specialization of the anesthetist is important for reducing risk
The literature reporting on the relationship between volumes of anesthetics in children and
outcomes is old and generally not of very high quality. In 1991, Keenen et al. found a
significant increase in major complications for infants who were anesthetized by nonpediatric anesthesiologists.11 Research has shown that complications, such as bradycardia
and PRAEs, are less likely when the anesthesiologist is a member of the pediatric anesthesia
service or commonly anesthetizes children.2, 6, 12, 13 In fact, bradycardia is less likely in the
presence of a pediatric anesthesiologist, even if they are not the primary anesthesiologist. 6
This specialization effect appears to be even more important for particularly challenging
operations (e.g. ENT surgeries).2
Stoddart identified that a major problem of occasional pediatric anesthetic practice is for
the anesthetist to remain up to date with their skills.14 After a national quality assurance
study based on voluntary reporting of 20,247 surgical and anesthesia related deaths (417 of
which occurred in children under 10 years of age) raised concerns about the absence of
skilled pediatric anesthetists in some surgical specialty units, and the questionable clinical
competence of locum appointees who provided care for children, investigators in England
recommended that surgeons and anesthesiologists not do occasional pediatric cases since
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“the outcome of surgery and anesthesia in children is related to the experience of the
clinicians involved”.15, 16
Minimum case loads in anesthesia
Auroy et al. reported a relationship between the number of anesthetic complications and
the volume of pediatric anesthetics administered per year; however, this was based on a
postal survey of anesthetists who were remembering complications in the past year of
practice. They recommended a minimum case load of 200 pediatric anesthetics per provider
per year to reduce the incidence of complications.17 While this is a specific numeric
recommendation, others have suggested that setting a minimum case load volume is
complicated and the exact number is not easy to define and to apply for all pediatric
procedures despite the clear inverse relationship between complications of pediatric
anesthesia and volume performed.14 Potentially recognizing the complexity of setting a
specific number, it has been suggested that each hospital have jurisdiction over setting their
own minimum thresholds. The suggestion is that each hospital that conducts both adult and
pediatric anesthesia care produce a policy statement that identifies pediatric operative
procedures that require anesthesia on an elective and emergent basis, and then indicate a
minimum number of cases required in each category for the facility to maintain its clinical
competence in providing anesthesia care. They recommend that the categories include
patient age, procedure for which postoperative intensive care is anticipated, and patients
with special anesthesia risks on the basis of coexisting medical conditions. 18 England has
recommended that anesthetists work with more than 100 children between the ages of 0
and 12 annually. 19

Surgery
There appears to be little disagreement that all neonatal surgical admission should occur in
neonatal surgical centers.20-25 The research literature consistently reports that operative
surgery in children differs in many ways from that in adults, including access and
management of the airway, handling of tissue, attention to fluid balance and incision and
wound closure.19 However, there does appear to be some distinction between children
over and under the age of 8. Professional recommendations from England state that
surgeons with an expertise in adults can undertake common and minor planned surgery on
children over the age of 8.26 Research evidence has also suggested that relationships
between volume and outcomes disappear in older children.27
Previous studies have documented a relationship between center volume and outcome in
children undergoing a variety of surgical procedures including liver transplant,
appendectomy, pyloromyotomy, and heart surgery.28-34 A systematic review of 2
representative conditions, appendicitis (which is a surgery also performed on adults and
thus often assumed acceptable for general surgeons to perform on children) and infantile
hypertrophic pyloric stenosis (a condition limited to children, thus suggesting that additional
training may be required and centralized treatment may be necessary), suggested that
specialty of the surgeon and volume matter.35 Specialist surgeons and high-volume centers
were more accurate in diagnosing appendicitis and complication rates for pyloric stenosis
differed between specialty, surgeon volume, hospital type and hospital volume. They
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concluded that surgical volume was the best indicator of operative outcomes for pyloric
stenosis.35 However, again the threshold of minimum numbers of cases was difficult to
pinpoint . One study reported that general surgeons with higher operative volumes than 4
cases per year had comparable results to pediatric surgeons.36
Surgeon characteristics were more important than hospital type, although access to a
children’s unit was an important factor; general hospitals had poorer results than specialist
children’s hospitals, unless the general hospital had a children’s unit37, 38 Pediatric surgeons
generally treated more complex cases and were more likely to treat younger and
transferred patients who may be likely to be sicker and more complicated to manage. One
study that stratified patients by age reported that there was a significant difference in
appendectomy outcomes only up to age 13 years. 27
A Canadian study of inguinal hernia repair, the most common operation performed in
children, examined whether there were differences in outcomes when the procedure was
performed by subspecialist pediatric surgeons compared with general surgeons. They found
that general surgeons performed half of all pediatric inguinal hernia repairs in the province
of Ontario between 1993 and 2000. The younger the child, the more likely the surgery was
performed by a pediatric surgeon. The rate of recurrent inguinal hernia was higher in the
general surgeon group compared with pediatric surgeons. Among pediatric surgeons, the
estimated risk of hernia recurrence was independent of surgical volume, but high volume
was associated with a lower risk of recurrence among general surgeons. The highest
volume general surgeons achieved recurrence rates that were no different than the
pediatric surgeons. 39
A similar relationship has been reported with respect to hospital volume and pediatric
cardiac surgery. Jenkins et al. first demonstrated that, for children with a congenital heart
defect who underwent surgery, the risk of dying in hospital was much lower if the surgery
was performed at an institution performing >300 cases annually.40 An update of this study
revealed that hospitals with annual pediatric cardiac surgery volumes of less than 100 had
significantly higher mortality rates (8.26%) than hospital with volumes of 100 or more
(5.95%). This updated study was also able to show that this relationship extended to
surgeons, demonstrating that surgeons with annual volumes of fewer than 75 had
significantly higher mortality rates (8.77%) than surgeons with annual volumes of 75 or
more (5.90%). 33 A relationship between institutional volume and specific forms of pediatric
cardiac surgery (Norwood procedure) has also been reported. 34
Exploring the causes of the differences in outcomes
A study that attempted to examine some of the potential mediating factors in the
relationship between center volume and outcomes in children undergoing heart surgery
reported that the higher mortality at lower volume centers may be related to a higher rate
of mortality in those with postoperative complications, rather than a higher rate of
complications. 41
Other work attempting to explain some of the differences in outcomes between high and
low-volume centers have shown that patients in specialist centers were more likely to be
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operated on laparoscopically,42 and to use different methods of the same surgical technique
(e.g. Ramstedt pyloromyotomy).43 Postoperative antibiotic regimes and other aspects of
care pathways could also be explored. A recent article considered the presence of trainees
as a possible source of different outcomes. They compared outcomes following
appendectomy between teaching and non-teaching hospitals. The authors concluded that
outcomes were similar between institutions, and a follow-up study revealed that
postoperative morbidity among children with perforated appendices was lower at teaching
hospitals. 44, 45
Minimum case loads in surgery
With respect to neonatal surgery some have recommended that a specialist centre should
see about 100 new neonatal surgical cases a year and a minimum of 60 cases to remain a
viable centre.46 However, it’s not clear how that number was chosen. Because neonatal
surgery makes use of complex and expensive techniques and technologies, these are best
concentrated at a single regional site so that expertise and experience can be gathered by
both specialist surgeons and intensivists.46
It is not clear whether minimum annual caseloads should exist for specific conditions or
whether minimum numbers of operations on children is most important. There is some
evidence suggesting that operating on children is the most important factor and not
minimum numbers of caseloads for a specific condition as some research has showed that
pediatric surgeons performing pancreaticoduodenectomies achieved good results despite
very low numbers of operations.47 For appendicitis and pyloromyotomy, Evans et al
concluded that general surgeons working in general hospitals who expect to see more than
4 cases per year should achieve the same outcomes as specialists in tertiary centers, as long
as appropriate pediatric anesthetic and medical care is available.35
In England, they have suggested that a surgeon working in the larger specialties (general,
orthopedic, or ear, nose and throat surgery) should complete the equivalent of 100 cases
with children each year, in order to maintain their skills to carry out planned work on
younger children (children under the age of 8). 48, 49 They go on to state that if a surgeon
carrying out planned surgery on children works with fewer than 100 children a year, their
trust should find out the age of the children and assure itself that the surgeon is operating
within their abilities. 19

Trauma
Traumatic injuries are the most common cause of death in children aged 1 to 16
years.50There are fundamental anatomical and physiological differences that mean that
children should not be considered small adults and the management of certain injuries
should differ significantly between children and adults. 46 For example, non-operative
management of blunt abdominal trauma in children is best practice. Specialist units proved
that splenic rupture can be treated either without surgery or with splenic repair rather than
removal of the organ.51-53 Other injuries have also been shown to have different
management and outcomes in children, including burns,54 and pelvic frature. 55
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However, there appears to be some controversy regarding whether childhood trauma can
be equally well treated in adult centers. Some researchers have suggested that pediatric
trauma centers (PTC) or adult trauma centers (ATC) with additional pediatric qualifications
have better outcomes than adult trauma centers.56, 57 However, others have failed to report
such a relationship. 58, 59 While controversy remains, the data suggest that PTCs are more
successful in non-operative treatment of blunt abdominal injuries.56, 60, 61 Research has also
shown that pediatric surgeons are more likely to treat splenic trauma appropriately
compared to non-pediatric surgeons. 62, 63
There is also good evidence that severely injured children treated at a PTC have improved
outcomes—the mortality rate for children with severe head injuries who required
neurosurgical procedures was lower at PTCs and ATCs with additional pediatric
qualifications than at ATC I or ATC II. 56 Children treated at a PTC also had improved
functional outcomes compared to those treated at an ATC, such as a lower dependency for
feeding, locomotion, social interaction and expression categories than those treated at an
ATC, even an ATC with additional qualifications. 56
Overall, two recent reviews of the literature summarize that while there is some conflicting
evidence regarding whether injured children treated at PTCs have better outcomes than
those treated at ATCs, 64 injured children treated at a PTC do appear to have improved
survival and functional outcomes compared with those treated at an ATC. 65 Thus, some
have recommended that if adult trauma centers and surgeons are going to treat children,
they need to develop a special interest in the management of childhood injuries.56 There is
also a level of impracticality in suggesting that all childhood trauma be managed at pediatric
surgical centres.46

Oncology
In many adult cancers, for which large numbers of patients can be studied, the relationship
between treatment in a high-volume hospital or by a high-case-volume clinician and better
outcomes for the patient is clear.66-68 These analyses are considerably more difficult to
undertake in pediatric oncology because all types of childhood cancer are rare, but evidence
that centralization of pediatric oncology care improves outcomes does exits.69 Logically the
same volume-to-outcome relation as that reported for adult cancers can be assumed for
pediatric cancers since both involve complex processes delivered through multidisciplinary
teamwork.70
There is a significant amount of research that suggests that survival rates of various cancers
greatly improve when treated at centralized specialist centers. In England, the Chief Medical
Officer has recommended that all cancer services be centralized and thus coordinated on a
regional basis with specified surgeons operating on a required minimum number of cases
each year.71 With respect to children, research has shown that children with non-Hodgkin’s
lymphoma, Ewing’s sarcoma, rhabdomyosarcoma, medulloblastoma, and osteosarcoma
treated at pediatric oncology centers had a significantly higher survival rate than those
treated elsewhere.40, 69, 72 Certain childhood cancers with a good prognosis, such as Wilm’s
tumour, were being overtreated in non-specialist centers.73
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A recent systematic review lends support to the conclusion that treatment of children with
cancer in high-volume hospitals, by high-case-volume clinicians leads to improved
outcomes.74 All included studies of sufficient quality reported either a significant or a nonsignificant but positive association for the effect of increased volume of patients treated on
outcome, and no study showed a negative effect. 74 The evidence is strongest for children
with brain tumours,72, 75, 76 acute lymphoblastic leukemia,77 bone tumours,78, 79 and those
receiving allogeneic bone marrow transplantation.80, 81 Thus, some have recommended that
the role of the general surgeon in pediatric oncology be limited to arranging referral to a
specialist center. 46
Minimum case loads in oncology
While the evidence does suggest that minimum case-loads would improve care in pediatric
oncology, setting them is tricky. No clear threshold can be established for the number of
treated cases above which the positive relation plateaus.70 Also, the rarity of childhood
cancers makes setting case numbers difficult. High case numbers per clinician would be very
hard to meet. For example, in the population of the Netherlands (17 million people),
roughly 550 cases of cancer are new diagnosed in children (0-18 year of age) annually, with
patients treated in one of seven childhood cancer centers. 74 With the exception of acute
lymphoblastic leukemia, all tumour types occur in fewer than 30 patients per year (the
minimum number of cases per year that has been suggested as a threshold for breast
cancer treatment).82 This means not a single provider in a population of 17 million would
reach the minimum threshold—making it very unlikely that any provider would meet a 30
case threshold in British Columbia.
Instead, it appears that improvement in highly complex, low-volume treatment will rely on
concentration of care services and skilled clinicians to ensure that the best possible care is
provided as safely as possible. While concentration of services, in and of itself, does not lead
to a substantial increase in survival, it creates the optimum conditions for progress to be
made. 70

Nursing and other healthcare services
Specialist pediatric surgery depends heavily for support on other specialties, such as
radiology, pathology, intensive care, physiotherapy, specialist nursing, etc. Better results for
diagnosis and treatment of certain high risk or rare disorders can be achieved by
concentrating expertise. Research has shown that concentration of expertise results in
better outcomes for radiology, 83 pathology,84 pediatric intensive care,85, 86 and neonatal
intensive care.87 The argument for centralizing these other services is remarkably similar to
those already presented. For pediatric intensive care or surgical care to function well, it
must be associated with a full range of on-site pediatric specialties. 88
While the literature that examines hospital volume and outcomes clearly incorporates
nursing, as high-volume centers are also likely to include nurses who see high-volumes of
pediatric cases, there was relatively little research that focused specifically on the nurse’s
role in the pediatric volume-outcomes association. However, the evidence with respect to
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adults shows an association between nurse staffing and mortality. 89, 90 Higher registered
nurse skill mix has also been positively associated with quality of care.91, 92 A study
examining the relationship between nurse staffing skill mix, and Magnet recognition to
institutional volume and mortality for congenital heart surgery in children’s hospitals, found
that none of these nursing characteristics was associated with risk-adjusted mortality.
However, they did report that hospital volume was significantly associated with mortality.
The authors speculated that the outcome of mortality was insensitive to nursing
characteristics in children’s hospitals, as long as certain staffing thresholds had been
achieved.93
Specialist pediatric dialysis has been shown to improve outcomes in children on chronic
peritoneal dialysis. Exit site infection rate, risk of peritonitis during the first year and
multiple peritonitis attacks were higher in children who were treated in an adult ward and
nursed by adult nurses.94 A relationship between staffing ratio has also been reported.
Infant to staff ratios have been shown to affect risk of mortality in very low birthweight
infants. Infants exposed to higher infant to staff ratios have an improved adjusted rate of
survival to hospital discharge.95

Guidelines from the United States
With respect to anesthesia, the American guidelines for the Pediatric Perioperative
Anesthesia Environment state the following96:
Anesthesiologists providing clinical care to pediatric patients should be graduates of an
anesthesiology residency-training program accredited by the Accreditation Council for
Graduate Medical Education or its equivalent. In addition, anesthesiologists providing or
directly supervising the anesthesia care of patients in the categories designated by the
facility’s Department of Anesthesia as being at increased anesthesia risk should be
graduates of an Accreditation Council for Graduate Medical Education pediatric
anesthesiology fellowship training program or its equivalent or have documented
demonstrated historical and continuous competence in the care of such patients.
Patient care units should have:
1) Preoperative unit designated to accommodate pediatric patients with age- and sizeappropriate equipment
2) A pediatric anesthesiologist responsible for the organization of pediatric anesthesia
services
3) Nursing and technical personnel who are trained in pediatric perioperative care
4) Clinical laboratory and radiologic services available at all times
5) Full selection of equipment available for application to the pediatric patient
a. Resuscitation care with appropriate equipment for pediatric patients
b. Resuscitation cardiac drugs at appropriate pediatric concentrations
c. Airway equipment for all ages of pediatric patients
d. Difficult airway care containing specialized equipment for management of
the difficult pediatric airway
e. Positive-pressure ventilation systems appropriate for infants and children
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f. Devices for the maintenance of normothermia
g. Intravenous fluid administration equipment including pediatric volumetric
fluid demonstration devices
h. Noninvasive monitoring equipment for the measurement of
electrocardiography, blood pressure, pulse oximetry, capnography including
anesthetic gas concentrations, temperature and inhaled oxygen
concentration; and
i. Equipment for the measurement of arterial and central venous pressure in
infants and small children.

Recommendations from England
In England, a nationwide quality assurance study based on voluntary reporting of 20,247
surgical and anesthesia related deaths (417 of which occurred in children under 10 years of
age) raised concerns regarding the absence of skilled pediatric anesthetists in some single
surgical specialty units, and the questionable clinical competence of locum appointees who
provided care for children. The investigators recommended that surgeons and
anesthesiologists not do occasional pediatric cases since “the outcome of surgery and
anesthesia in children is related to the experience of the clinicians involved”. 15, 16 One of the
authors of this report went on to publish recommendations that specifically stated that:
1) Surgeons and anesthetists should not undertake occasional pediatric practice. The
outcome of surgery and anesthesia in children is related to the experience of the
clinicians involved.
2) Consultants who take the responsibility for the care of children (particularly in
District General Hospital and in single surgical specialty hospitals) must keep up to
date and competent in the management of children.
3) Consultant supervision of trainees needs to be kept under scrutiny. No trainee
should undertake any anesthetic or surgical operation on a child of any age without
consultation with their consultant.
The report goes on to discuss the provisions of facilities in hospital that are crucial in the
management of infants after surgery. These include special skills in the nursing , and a
management arrangement ensuring a consultant pediatrician is available to professionally
isolated units for advice at least by telephone if not actual attendance. Another committee
from England recommended that anesthetics and operations on children should be
undertaken only after consultation with pediatric consultants. 16
As previously mentioned England has suggested that a surgeon working in the larger
specialties (general, orthopedic, or ear, nose and throat surgery) should complete the
equivalent of 100 cases with children each year, in order to maintain their skills to carry out
planned work on younger children (children under the age of 8). 48, 49 They go on to state
that if a surgeon carrying out planned surgery on children works with fewer than 100
children a year, their trust should find out the age of the children and assure itself that the
surgeon is operating within their abilities. Anesthetists were also expected to have worked
with more than 100 children between the ages of 0 and 12 annually. 19
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Challenges with respect to setting minimum thresholds
While the literature supports a positive relationship between increasing volume and
improved outcomes in many forms of pediatric care (especially at the level of the center),
there are some important challenges to setting specific minimum thresholds for institutions
and providers. These include:
1) Research has not been able to show a clear threshold for the number of treated
cases above which the positive relation plateaus.70
2) The rarity of certain childhood conditions makes hitting a minimum threshold very
unlikely in populations the size of BC. 70
3) It is not clear whether minimum annual caseloads should exist for specific conditions
or whether minimum numbers of operations on children is most important.35, 47
4) Some suggestion that for certain surgeries, even very low numbers of annual
operations (>4) may be enough to ensure competence.35
5) Training has been highlighted as a problem when surgical conditions are rare (e.g.
congenital diaphragmatic hernia occurs in 1 in 2000 live births) and means that large
numbers of cases need to concentrate in one centre or training time needs to be
increased to achieve the appropriate case mix. 97
a. Training has also been mentioned as a problem in pediatric intensive care88
and anesthesia.14
While England did publish some clear thresholds that it wanted clinicians and institutions to
meet, they have not been very successful in meeting those targets. Their initial report
examining the success of their trust in meeting the 100 cases per year threshold for both
surgeries and anesthetics suggested that:
• 8% of trusts that provided planned surgery to children had no consultant surgical
team that completed more than 100 procedures a year
• 21% of trusts that provided planned anesthesia to children said that none of their
consultants anesthetized more than 100 children a year.
• Across England, 84% of consultant surgical teams and 77% of consultant anesthetists
who carried out planned work with children worked with fewer than 100 children
aged 0 to 12 each year. 19
A follow-up study conducted several years after the first report concluded that poor
attention had been given to the recommendation that surgeons and anesthetists working
with children need to undertake sufficient work to maintain their skills. While this follow-up
report never mentions the specific threshold of >100 pediatric cases annually, they appear
to have used these numbers again to assess the trusts. They report that 64% and 74% of
trusts carried out procedures by surgeons and anesthetists that have undertaken relatively
few of the procedure in that age group, respectively.98 While this may be a failure on the
part of the NHS to provide the best possible care, given other concerns and cautions in the
literature about the difficulty in setting attainable and meaningful minimum thresholds,
England’s lack of success may also be a reflection on the thresholds themselves.
A study done in Northern California suggested that in a majority of hospitals in Northern
California, credentialing based on caseload might not be feasible. They suggest that
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credentialing for pediatric anesthesia based on caseload has a major problem that relates to
the distribution of cases: most hospitals care for a few children and most children are cared
for in a few hospitals. The results of their study suggest that if credentialing policy requires
the minimum number of cases per year per hospital to be greater than 20 (for children
under the age of six), then 41% of hospitals in Northern California would have a sufficient
number of cases to credential at least one anesthesiologist to provide anesthesia for
children. If credentialing requirements involved further age group subdivisions of 0-6
months, 7-24 months, and 25-72 months, and the minimum caseload was increased to 50,
then more than 80% of hospitals would not have enough cases to credential one
anesthesiologist.7

Summary
While the quality of the evidence is not ideal, the finding that increasing institutional and
providers volumes/specialty results in improved outcomes for pediatric patients is
remarkably consistent. While the relationship was not always statistically significant, it was
very rare to find a study that did not at least report a positive association. This consistency
of findings (with the exception of the somewhat conflicting literature with respect to
trauma) does suggest that concentrating expertise in pediatric care is likely to result in
improved outcomes. However, the clinical significance of those improved outcomes seems
to depend on the type of surgery performed (e.g. ensuring that every child receives
appendectomy from a surgeon who regularly practices on children is unlikely to improve
outcomes as much as ensuring that experienced pediatric surgeons are performing cardiac
surgery), and patient age (this relationship does seem to disappear once children reach a
certain age). However, there are important questions that remain unanswered, such as:
Does this relationship plateau? If a surgeon practices regularly on children, do they also
need to have a high volume of a specific procedure to improve outcomes? How high does
the volume of anesthetics really need to be to ensure good outcomes? Unfortunately
current evidence does not inform with respect to these questions.

Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 11

References
1. Chowdhury MM, Dagash H. A systematic review of the impact of volume of surgery and
specialization on patient outcome. Br J Surgery. 2007;94:145-161.
2. Mamie C, Habre W, Delhumeau C, Barazzone AC, Morabia A. Incidence and risk factors of
perioperative respiratory adverse events in children undergoing elective surgery. Pediatric
Anesthesia. 2004;14:218-224.
3. Morray JP, Geiduschek JM, Ramamoorthy C, et al. Anesthesia-related cardiac arrest in
children: initial findings of the Pediatric Perioperative Cardiac Arrest (POCA) Registry.
Anesthesiology. 2000;93:6-14.
4. Morray JP. Anesthesia-related cardiac arrest in children. An update. Anesthesiol Clin
North America. 2002;20:1-28.
5. Keenan RL, Boyan CP. Cardiac arrest due to anesthesia: A study of incidence and causes.
JAMA. 1985;253:2373-2377.
6. Keenan RL, Shapiro JH, Kane FR, Simpson PM. Bradycardia during anesthesia in infants. An
epidemiologic study. Anesthesiology. 1994;80:976-982.
7. Macario A, Hackel A, Gregory GA, Forseth D. The demographics of inpatient pediatric
anesthesia: implications for credentialing policy. J Clin Anesth. 1995;7:507-511.
8. Bhananker SM, Ramamoorthy C, Geiduschek JM, et al. Anesthesia-related cardiac arrest
in children: update from the Pediatric Perioperative Cardiac Arrest Registry. Anesth Analg.
2007;105:344-350.
9. Tiret L, Nivoche Y, Hatton F, Desmonts JM, Vourch G. Complications related to anesthesia
in infants and children: A prospective survey of 40,020 anaesthetics. Br J Anaesth.
1988;61:263-269.
10. Morray JP, Geiduschek JM, Caplan RA, Posner KL, Gild WM, Cheney FW. A comparison of
pediatric and adult anesthesia closed malpractice claims. Anesthesiology. 1993;78:461-467.
11. Keenan RL, Shapiro JH, Dawson K. Frequency of anesthetic cardiac arrests in infants:
effect of pediatric anesthesiologists. J Clin Anesth. 1991;3:433-437.
12. Schreiner MS, O'Hara I, Markakis DA, Politis GD. Do children who experience
laryngospasm have an increased risk of upper respiratory tract infection?. Anesthesiology.
1996;85:475-480.
13. Tay CL, Tan GM, Ng SB. Critical incidents in paediatric anaesthesia: an audit of 10 000
anaesthetics in Singapore. Paediatr Anaesth. 2001;11:711-718.

Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 12

14. Stoddart PA, Brennan L, Hatch DJ, Bingham R. Postal survey of paediatric practice and
training among consultant anesthetists in the UK. Br J Anaesth. 1994;73:559-563.
15. Campling EA, Devlin HB, Lunn JN. The Report of the National Confidential Enquiry into
Perioperative Deaths. London, UK:1990.
16. Lunn JN. Implications of the national confidential enquiry into perioperative deaths for
paediatric anaesthesia. Ped Anesthes. 1992;2:69-72.
17. Auroy Y, Ecoffey C, Messiah A, Rouvier B. Relationship between complications of
pediatric anesthesia and volume of pediatric anesthetics. Anesth Analg. 1997;84:234-235.
18. Ecoffey C. Paediatric perioperative anaesthesia environment. Curr Opin Anaesthesiol.
2000;13:313-315.
19. Healthcare Commission. Improving service for children in hospital. London, UK: 2007
Commission for Healthcare Audit and Inspection; 2007.
20. Hendren HW, Lillehei CW. Pediatric surgery. N Engl J Med. 1988;319:86-95.
21. Spitz L. Neonatal surgery. J R Coll Surg Edinb. 1995;40:84-87.
22. Stringer MD, Brereton RJ, Wright VM. Controversies in the management of gastroschisis:
a study of 40 patients. Arch Dis Child. 1991;66:34-36.
23. Badawi N, Adelson P, Roberts C, Spence K, Laing S, Cass D. Neonatal surgery in New
South Wales--what is performed where?. J Pediatr Surg. 2003;38:1025-1031.
24. Clausner A, Lukowitz A, Rump Kea. Treatment of congenital abdominal wall defects- a
25-year review of 132 patients. Pediatr Surg Int. 1996;11:76-81.
25. Rickham PP. Thoughts about the past and future of neonatal surgery. J Pediatr Surg.
1992;27:1-6.
26. Association of Paediatric Anaesthetists, the Association of Surgeons for Great Britian and
Ireland, the British Association of Paediatric Surgeons, the Royal College of Paediatrics and
Child Health, the Senate of Surgery for Great Britain and Ireland. Joint statement-surgery.
2006.
27. Kokoska ER, Minkes RK, Silen ML, et al. Effect of pediatric surgical practice on the
treatment of children with appendicitis. Pediatrics. 2001;107:1298-1301.
28. Welke KF, Diggs BS, Karamlou T, Ungerleider RM. The relationship between hospital
surgical case volumes and mortality rates in pediatric cardiac surgery: a national sample,
1988-2005. Ann Thorac Surg. 2008;86:889-896.
Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 13

29. Welke KF, O'Brien SM, Peterson ED, Ungerleider RM, Jacobs ML, Jacobs JP. The complex
relationship between pediatric cardiac surgical case volumes and mortality rates in a
national clinical database. J Thorac Cardiovasc Surg. 2009;137:1133-1140.
30. Safford SD, Pietrobon R, Safford KM, Martins H, Skinner MA, Rice HE. A study of 11,003
patients with hypertrophic pyloric stenosis and the association between surgeon and
hospital volume and outcomes. J Pediatr Surg. 2005;40:967-972.
31. Tracy ET, Bennett KM, Danko ME, et al. Low volume is associated with worse patient
outcomes for pediatric liver transplant centers. J Pediatr Surg. 2010;45:108-113.
32. Hirsch JC, Gurney JG, Donohue JE, Gebremariam A, Bove EL, Ohye RG. Hospital mortality
for Norwood and arterial switch operations as a function of institutional volume. Pediatr
Cardiol. 2008;29:713-717.
33. Hannan EL, Racz M, Kavey RE, Quaegebeur JM, Williams R. Pediatric cardiac surgery: the
effect of hospital and surgeon volume on in-hospital mortality. Pediatrics. 1998;101:963969.
34. Checchia PA, McCollegan J, Daher N, Kolovos N, Levy F, Markovitz B. The effect of
surgical case volume on outcome after the Norwood procedure. J Thorac Cardiovasc Surg.
2005;129:754-759.
35. Evans C, van Woerden HC. The effect of surgical training and hospital characteristics on
patient outcomes after pediatric surgery: a systematic review. J Pediatr Surg. 2011;46:21192127.
36. Langer JC, To T. Does pediatric surgical specialty training affect outcome after Ramstedt
pyloromyotomy? A population-based study. Pediatrics. 2004;113:1342-1347.
37. Ly DP, Liao JG, Burd RS. Effect of surgeon and hospital characteristics on outcome after
pyloromyotomy. Arch Surg. 2005;140:1191-1197.
38. Raval MV, Cohen ME, Barsness KA, Bentrem DJ, Phillips JD, Reynolds M. Does hospital
type affect pyloromyotomy outcomes? Analysis of the Kids' Inpatient Database. Surgery.
2010;148:411-419.
39. Borenstein SH, To T, Wajja A, Langer JC. Effect of subspecialty training and volume on
outcome after pediatric inguinal hernia repair. J Pediatr Surg. 2005;40:75-80.
40. Jenkins KJ, Newburger JW, Lock JE, Davis RB, Coffman GA, Iezzoni LI. In-hospital
mortality for surgical repair of congential heart defects: Preliminary observations of
variation by hospital caseload. Pediatrics. 1995;95:323-330.

Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 14

41. Pasquali SK, Li JS, Burstein DS, et al. Association of center volume with mortality and
complications in pediatric heart surgery. Pediatrics. 2012;129:e370-e376.
42. Whisker L, Luke D, Hendrickse C, Bowley DM, Lander A. Appendicitis in children: a
comparative study between a specialist paediatric centre and a district general hospital. J
Pediatr Surg. 2009;44:362-367.
43. Mullassery D, Perry D, Goyal A, Jesudason EC, Losty PD. Surgical practice for infantile
hypertrophic pyloric stenosis in the United Kingdom and Ireland--a survey of members of
the British Association of Paediatric Surgeons. J Pediatr Surg. 2008;43:1227-1229.
44. Lee SL, Shekherdimian S, Chiu VY. Comparison of pediatric appendicitis outcomes
between teaching and nonteaching hospitals. J Pediatr Surg. 2010;45:894-897.
45. Lee SL, Yaghoubian A, de Virgilio C. A multi-institutional comparison of pediatric
appendicitis outcomes between teaching and nonteaching hospitals. J Surg Educ. 2011;68:69.
46. Arul GS, Spicer RD. Where should paediatric surgery be performed? Arch Dis Child.
1998;79:65-70.
47. Dasgupta R, Kim PC. Relationship between surgical volume and clinical outcome: should
pediatric surgeons be doing pancreaticoduodenectomies?. J Pediatr Surg. 2005;40:793-796.
48. The Royal College of Surgeons of England. Children's surgery: A first class service: Report
of the Pediatric Forum of The Royal College of Surgeons of England. 2000.
49. The Senate of Surgery of Great Britain and Ireland. The Provision of General Surgical
Service for Children. 1998.
50. Canadian Institute for Health Information. National Trauma Registry: 2007 Injury
hospitalizations highlights report (In Focus: Pediatric injury hospitalizations in Canada,
2005,2006). 2008 Accessed June 5, 2013.
51. Douglas GJ, Simpson JS. The conservative management of splenic trauma. J Pediatr Surg.
1971;6:565-570.
52. Haller JA,Jr. Emergency medical services for children: what is the pediatric surgeon's
role?. Pediatrics. 1987;79:576-581.
53. Hall JR, Reyes HM, Meller JL, Loeff DS, Dembek R. The outcome for children with blunt
trauma is best at a pediatric trauma center. J Pediatr Surg. 1996;31:72-76.
54. Morrow SE, Smith DL, Cairns BA, Howell PD, Nakayama DK, Peterson HD. Etiology and
outcome of pediatric burns. J Pediatr Surg. 1996;31:329-333.

Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 15

55. Ismail N, Bellemare JF, Mollitt DL, DiScala C, Koeppel B, Tepas JJ,3rd. Death from pelvic
fracture: children are different. J Pediatr Surg. 1996;31:82-85.
56. Potoka DA, Schall LC, Gardner MJ, Stafford PW, Peitzman AB, Ford HR. Impact of
pediatric trauma centers on mortality in a statewide system. J Trauma. 2000;49:237-245.
57. Segui-Gomez M, Chang DC, Paidas CN, Jurkovich GJ, Mackenzie EJ, Rivara FP. Pediatric
trauma care: an overview of pediatric trauma systems and their practices in 18 US states. J
Pediatr Surg. 2003;38:1162-1169.
58. Knudson MM, Shagoury C, Lewis FR. Can adult trauma surgeons care for injured
children?. J Trauma. 1992;32:729-737.
59. Osler T, Vane D, Tepas J, Rogers F, Shackford S, Badger G. Do pediatric trauma centers
have better survival rates than adult trauma centers? An examination of the rational
pediatric trauma registry. Journal of Trauma-Injury Infection and Critical Care. 2001;50:9699.
60. Potoka DA, Schall LC, Ford HR. Risk factors for splenectomy in children with blunt splenic
trauma. J Pediatr Surg. 2002;37:294-299.
61. Davis DH, Localio AR, Stafford PW, Helfaer MA, Durbin DR. Trends in operative
management of pediatric splenic injury in a regional trauma system. Pediatrics.
2005;115:89-94.
62. Keller MS, Vane DW. Management of pediatric blunt splenic injury: comparison of
pediatric and adult trauma surgeons. J Pediatr Surg. 1995;30:221-224.
63. Mooney DP, Forbes PW. Variation in the management of pediatric splenic injuries in
New England. J Trauma. 2004;56:328-333.
64. Petrosyan M, Guner YS, Emami CN, Ford HR. Disparities in the Delivery of Pediatric
Trauma Care. Journal of Trauma-Injury Infection and Critical Care. 2009;67:S114-S119.
65. Ochoa C, Chokshi N, Upperman JS, Jurkovich GJ, Ford HR. Prior studies comparing
outcomes from trauma care at children's hospitals versus adult hospitals. Journal of
Trauma-Injury Infection and Critical Care. 2007;63:S87-S91.
66. Halm EA, Lee C, Chassin MR. Is volume related to outcome in health care? A systematic
review and methodologic critique of the literature. Ann Intern Med. 2002;137:511-520.
67. Gruen RL, Pitt V, Green S, Parkhill A, Campbell D, Jolley D. The effect of provider case
volume on cancer mortality: systematic review and meta-analysis. CA Cancer J Clin.
2009;59:192-211.

Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 16

68. Hillner BE, Smith TJ, Desch CE. Hospital and physician volume or specialization and
outcomes in cancer treatment: importance in quality of cancer care. J Clin Oncol.
2000;18:2327-2340.
69. Stiller CA. Centralisation of treatment and survival rates for cancer. Arch Dis Child.
1988;63:23-30.
70. Pritchard-Jones K, Pieters R, Reaman GH, et al. Sustaining innovation and improvement
in the treatment of childhood cancer: lessons from high-income countries. Lancet Oncology.
2013;14:E95-E103.
71. Chief Medical Officer's expert advisory group on caner. A policy framework for
commissioning cancer services. London:Department of Health; 1995.
72. Danjoux CE, Jenkin RD, McLaughlin J, et al. Childhood medulloblastoma in Ontario, 19771987: population-based results. Med Pediatr Oncol. 1996;26:1-9.
73. Pritchard J, Stiller CA, Lennox EL. Overtreatment of children with Wilms' tumour outside
paediatric oncology centres. BMJ. 1989;299:835-836.
74. Knops RRG, van Dalen EC, Mulder R:, et al. The volume effect in paediatric oncology: A
systematic review. Ann Oncol. 2013;Published online.
75. Albright AL, Sposto R, Holmes E, et al. Correlation of neurosurgical subspecialization with
outcomes in children with malignant brain tumors. Neurosurgery. 2000;47:879-885.
76. Smith ER, Butler WE, Barker FG,2nd. Craniotomy for resection of pediatric brain tumors
in the United States, 1988 to 2000: effects of provider caseloads and progressive
centralization and specialization of care. Neurosurgery. 2004;54:553-563.
77. Craft AW, Amineddine HA, Scott JE, Wagget J. The Northern region Children's malignant
disease registry 1968-82: incidence and survival. Br J Cancer. 1987;56:853-858.
78. Paulussen M, Ranft A, Dirksen U, Jurgens H. Ewing tumours: outcome in children,
adolescents and adult patients. Eur J Cancer. 2007;5(suppl):209-215.
79. Stiller CA, Passmore SJ, Kroll ME, Brownbill PA, Wallis JC, Craft AW. Patterns of care and
survival for patients aged under 40 years with bone sarcoma in Britain, 1980-1994. Br J
Cancer. 2006;94:22-29.
80. Horowitz MM, Przepiorka D, Champlin RE, et al. Should HLA-identical sibling bone
marrow transplants for leukemia be restricted to large centers?. Blood. 1992;79:2771-2774.
81. Klingebiel T. Cornish J. Labopin M. Locatelli F. Darbyshire P. Handgretinger R. Balduzzi A.
Owoc-Lempach J. Fagioli F. Or R. Peters C. Aversa F. Polge E. Dini G. Rocha V. Pediatric
Diseases and Acute Leukemia Working Parties of the European Group for Blood and Marrow
Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 17

Transplantation (EBMT). Results and factors influencing outcome after fully haploidentical
hematopoietic stem cell transplantation in children with very high-risk acute lymphoblastic
leukemia: impact of center size: an analysis on behalf of the Acute Leukemia and Pediatric
Disease Working Parties of the European Blood and Marrow Transplant group. Blood.
2010;115:3437-3446.
82. Sainsbury R, Haward B, Rider L, Johnston C, Round C. Influence of clinician workload and
patterns of treatment on survival from breast cancer. Lancet. 1995;345:1265-1270.
83. Ein SH, Palder SB, Alton DJ, Daneman A. Intussusception: Towards less surgery. J
Paediatric Surg. 1994;29:433-435.
84. Parkes SE, Muir KR, Cameron AH, et al. The need for specialist review of pathology in
paediatric cancer. Br J Cancer. 1997;75:1156-1159.
85. Pearson G, Shann F, Barry P, et al. Should paediatric intensive care be centralised? Trent
versus Victoria. Lancet. 1997;349:1213-1217.
86. Guidelines and levels of care for pediatric intensive care units. Committee on Hospital
Care of the American Academy of Pediatrics and Pediatric Section of the Society of Critical
Care Medicine. Pediatrics. 1993;92:166-175.
87. Field D, Hodges S, Mason E, Burton P. Survival and place of treatment after preterm
delivery. Arch Dis Child. 1992;66:408-411.
88. Murdoch IA, Bihari DJ. Paediatric and adult intensive care in Britain. Lancet.
1993;342:498.
89. Needleman J, Buerhaus P, Mattke S, Stewart M, Zelevinsky K. Nurse-staffing levels and
the quality of care in hospitals. N Engl J Med. 2002;346:1715-1722.
90. Aiken LH, Smith HL, Lake ET. Lower Medicare mortality among a set of hospitals known
for good nursing care. Med Care. 1994;32:771-787.
91. Aiken LH, Clarke SP, Silber JH, Sloane D. Hospital nurse staffing, education, and patient
mortality. LDI Issue Brief. 2003;9:1-4.
92. Person SD, Allison JJ, Kiefe CI, et al. Nurse staffing and mortality for Medicare patients
with acute myocardial infarction. Med Care. 2004;42:4-12.
93. Hickey P, Gauvreau K, Connor J, Sporing E, Jenkins K. The relationship of nurse staffing,
skill mix, and Magnet recognition to institutional volume and mortality for congenital heart
surgery. J Nurs Adm. 2010;40:226-232.
94. Gunasekara WD, Ng KH, Chan YH, et al. Specialist pediatric dialysis nursing improves
outcomes in children on chronic peritoneal dialysis. Pediatr Nephrol. 2010;25:2141-2147.
Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 18

95. Callaghan LA, Cartwright DW, O'Rourke P, Davies MW. Infant to staff ratios and risk of
mortality in very low birthweight infants. Arch Dis Child Fetal Neonatal Ed. 2003;88:F94-7.
96. Guidelines for the Pediatric Perioperative Anesthesia Environment. Pediatrics.
1999;103:512-515.
97. Spitz L. So you want to train in paediatric surgery. Br J Hosp Med. 1996;56:281-283.
98. Healthcare Commission. Improving services for children in hospital: Report of the followup to the 2006/06 review. Commission for Healthcare Audit and Inspection; 2009.

Volume-Outcome Relationships in Pediatrics: Full Report (FINAL June 21, 2013)

Page 19

