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Treating Severe Pulmonary
Regurgitation with Moderate Right
Ventricular Outflow Tract (RVOT)

Stenosis

By Peter Ewert, MD, PhD and
Felix Berger, MD, PhD

Synopsis

In order to treat severe pulmonary regurgita-
tion with moderate right ventricular outflow
tract (RVOT) stenosis, we chose the
Medtronic Melody® Trans-catheter Valve.

With a minimally invasive femoral vein punc-
ture, we could position and deploy the valve
under angiographic guidance.

Following implantation of the valve, there
was immediate and complete relief of con-
duit stenosis and no detectable pulmonary

regurgitation. There was also no detectable
regurgitation at the six-month follow-up.

Rationale

Pulmonary regurgitation can lead to severe
right ventricular dysfunction, which reduces
exercise tolerance, promotes dysrythmia
and, if left untreated, is fatal.

Replacing the pulmonary valve to abolish
regurgitation improves the patient’s clinical
condition and life expectancy.

Until recently a surgical approach was the
only method to replace a diseased heart
valve. With the development of trans-
catheter heart valves, providing certain ana-
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[A] Medtronic Melody® Trans-catheter Valve Ensemble delivery system, and [B] Medtronic

Melody® Trans-catheter Valve.
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Session 1. Pulmonary regurgitations

Session 2: Aortic stenosis and regurgitation
Session 3: MR-guided or directed procedures
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Session 6: Functionally single ventricle Il
Session 7: Related Technologies
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The Society for Pediatric Radiology (SPR) and the Hospital for Sick Children in Toronto, Canada are pleased to co-sponsor the 4th
Advanced Course in Pediatric Cardiovascular MR. Organized by the Departments of Diagnostic Imaging at the Hospital for Sick Children
(HSC) in Toronto and the Children’s Hospital & Research Center Oakland (CHRCO), the Symposium will be held in the Hospital for Sick
Children, December 13th and 14th, 2008. This is a two-day course whose aim is to review advanced utilization of MR for heart diseases
in children. The course will consist of didactic lectures and a free communication session. For registration forms and questions about the
symposium, please contract Ms. Vicki Corris ( ), or visit the web site: . We look forward
to having a highly educational and productive symposium in coming December in Toronto!

Andrew Redington and Paul Babyn (HSC) and Ronald Cohen (CHRCO)
Shi-Joon Yoo, MD (HSC) and Taylor Chung, MD (CHRCO)

Discuss the MR utilization in patients with pulmonary regurgitation or aortic regurgitation / stenosis.
Define when and how pulmonary and aortic regurgitation should be intervened.

Discuss the MR utilization in patients with functionally single ventricle.

Update the knowledge regarding MR-guided or directed procedures in pediatric cardiology.

Update the new MR technologies and applications.

Update the new developments in CT, PET CT and echocardiography.

Exchange cardiovascular MR experience among attendees and faculties.

L Benson, T Bradley, F Chan, M Charron, T Chung, A Dick, M Fogel, L Grosse-Wortmann, WA Helbing, KJ Lee, C Macgowan,
L Mertens, A Powell, P Radau, R Razavi, A Redington, A Taylor, SJ Yoo

Hollywood Theater, 1st Floor, EIm Wing, the Hospital for Sick Children, Toronto
12.25 Category 1 Credits
US $200
November 15, 2008
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Figure 1.

tomical criteria are met, it is possible to replace the pulmonary
valve using a trans-catheter technique. Using this approach it is
possible to significantly reduce the re-operation rate in this
group of patients.

Case Study

A 17 year old patient with Tetralogy of Fallot had undergone three
previous heart operations. These included: reconstruction of the
right ventricular outflow tract in 1992 and implantation of a homo-
graft in 1996.

Cardiological investigations showed a marked reduction in exer-
cise capacity. Echocardiography and Magnetic resonance imag-
ing of the heart showed severe pulmonary regurgitation with an
ejection fraction of 22%, and moderate RVOT conduit stenosis.

The Cardiac Catheter Procedure

The cardiac catheter procedure was performed under local
anaesthetic and intravenous sedation.

Vital signs were monitored constantly including E.C.G., blood
pressure and oxygen saturation.

Figure 2.

The femoral vein and artery were both punctured, and introducer
sheaths were placed insitu. Heparin 5000 iu was given.

Pressure measurements were made in the right ventricle, pulmo-
nary artery and aortic positions.

Angiographic cine pictures were made of the RVOT in Lateral and
AP. planes (Figures 1 and 2).

We also used some cranial tilt on our a.p. projections for this case.

The coronary arteries are identified under angiography to exclude
any possibility of occlusion when the valve is deployed.

The decision is then made whether to proceed with implantation.

Criteria Include:
« Objective evidence of conduit dysfunction
*  Moderate or severe regurgitation
* RV to PA conduit stenosis
« Consensus with cardiac surgery team
« Clinical indication for surgical intervention
*  Weight 230 kg
« Favorable RVOT morphology
* Amenable to stent anchorage
*  Sizing balloon (waist) diameter =14 mm and < 20 mm

B BRAUN
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Contraindications to trans-catheter valve implantation:
« Active endocarditis.

« Conduits smaller than 16 mm and greater than 22 mm.
« No calcification in the conduit.

Once criteria to proceed were confirmed, the valve was prepared.

The Melody® valve is a bovine jugular valve within a platinum irid-
ium stent. Being biological tissue, it is stored in gluteralderhyde solu-
tion which must be rinsed thoroughly before implantation.

This is done in 3 stages:

1. The valve is removed and placed in a sterile rinse bowl full of
500 mls of saline, after emptying out any residual solution left
on the valve.

2. After 5 minutes of washing achieved by filling and emptying the
valve, it is transferred into a 2nd saline filled bowl.

3. After another 5 minutes wash time, the valve is placed into its
3rd and final 5 minutes wash bowl.

The valve can remain in this 3rd and final bowl! until it is needed for
implantation.

Whilst the valve was being rinsed the Ensemble® delivery system
was prepared, the inner and outer balloons are de-aired with luer
lock syringes filled with a mixture of radio-opaque contrast and sa-
line.

Figure 3.

The valve is crimped initially onto a 2 or 3 ml syringe before finally
crimping onto the delivery system.

It is crucial that the valve is orientated correctly during mounting on
the delivery system. This is confirmed by matching markers on the
valve and delivery system: blue to blue and white to white.

The delivery system was then introduced through the femoral vein
over a stiff angiographic wire pre-positioned in the left P.A.

The system is passed through the right atrium and ventricle and up
into the RVOT conduit under angiographic guidance.

The valve stent is clearly visible under angiography. (Usual projec-
tions are AP. and lateral.)

Any final position changes can be made before uncovering the
valve from its protective sheath through which confirmatory angio-
grams can be made prior to deployment (Figure 3).

Once satisfied with position, the inner balloon is inflated. At this
stage it is still possible to make minor changes in position of the
delivery system. Inflating the outer balloon enables final deploy-
ment of the valve. The balloons are quickly deflated to restore pul-
monary blood-flow (Figure 4).

Figure 4.
The Barth Syndrome Foundation
¥ P.O. Box 974, Perry, FL 32348
s Tel: 850.223.1128 info@barthsyndrome.org www.barthsyndrome.org
Do th ‘_-,}mdu.;,me Symptoms: Cardiomyopathy, Neutropenia, Muscle Weakness, Exercise Intolerance,
Fovndafion Growth Retardation
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Figure 6.
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Competency of the valve is assessed by pulmonary artery angiogra-
phy (see Figures 5 and 6).

Right ventricular, aortic and pulmonary artery pressures were re-
corded to assess gradients across the valve.

E.C.G. is observed for any changes.

Femoral sheaths are removed and haemostasis is achieved with
direct digital pressure.

Total procedure time in this case was just 62 minutes, with a fluoros-
copy screening time of 9.1 minutes.

There were no procedural complications and the Melody® valve was free
from regurgitation both initially post op and at the six- month follow-up.

The patient’s exercise capacity remains similar to pre-op findings.
The patient is routinely able to cycle to work.
References

New percutaneous treatments for valve disease; Dr. Louise Coats
& Professor Philipp Bonhoeffer; Heart 2007; 93; 639-644.

Nonsurgical pulmonary valve replacement: why, when, and how?
Sachin Khambadkone, MD, and Philipp Bonhoeffer, MD; Catheter
Cardiovasc Interv 2004; 62: 401-408.

Frigiola A, Tsang V, Nordmeyer J, Lurz P, van Doorn C,
Taylor AM, Bonhoeffer P, de Leval M.
www.nchi.nim.nih.gov/pubmed/18539471?ordinalpos=2&itool=Ent
rezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_R
VDocSum. Current approaches to pulmonary regurgitation. Eur J
Cardiothorac Surg. 2008 Jun 6.
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Work of Heart

By Janet LaPlante, Freelancer Writer and
Speaker

When you read the stories, look at the
pictures and meet the families of someone
with a congenital heart defect, you want to
be involved. Five years ago, four “heart
moms” held the first fundraising event for
Children’'s Heart Institute at Rady Chil-
dren’s Hospital — San Diego. Their group,
now called CHI Fund, sponsors annual
fundraisers, as well as offers support to
those afflicted with heart defects and their
families.

Money raised is used to purchase and
update medical equipment and provide
research that is vital to understanding and
treating congenital heart defects. Dona-
tions of goods and services are also ac-
cepted.

Rady Children’s Heart Institute is one of
the top pediatric cardiac programs in the
nation. It serves not only San Diego and
Imperial counties, but also accepting refer-
rals from Orange and Riverside counties,
New Mexico, Arizona, Hawaii and the Pa-
cific Rim Island states, including military
personnel stationed there. Satellite sites of
the Children’s Heart Institute are located
throughout Southern California.

Research studies specific to the testing of
drugs for children are a main priority of the
Heart Institute, along with its partner,
UCSD. The Institute also coordinates re-
search and education programs of cardi-
ology and cardiovascular surgery, as well
as studies on interventional devices. Other
projects include: a grant to study Marfan
Syndrome, and a study of a new drug
developed for adults with high blood pres-
sure that possibly could be used for chil-
dren with enlarged aortic root.

More importantly, a pediatric heart trans-
plant program is under development for the
Institute, which would enhance today’s
existing programs, says Dr. John Lamberti,
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Lego Heart Model. The Lego heartis a
work of art, and will be auctioned to raise
money to support care and research in
congenital heart disease. Photo courtesy
of brickartist.com.

the Eugene and Joyce Klein Director of the
Heart Institute at Rady Children’s.

On Saturday, November 1, 2008,
CHI Fund will host its annual Gala — Help-
ing Little Hearts Heal “Work of Heart’- at
the Hyatt Regency La Jolla at Aventine.
Deadline for submission of original works
of art for the silent auction is October 15th.

Legendary artist Nathan Sawaya con-
structed a larger than life, anatomically
correct heart using the child-friendly toy
LEGO®, to be auctioned as one of the
signature sculptures of the upcoming gala.
In addition to being a beautiful piece of
artwork, it will also assist physicians in
talking to young patients about their hearts
through a medium they understand.
See more of his creations at
www.brickartist.com.

“On Saturday, November
1, 2008, CHI Fund will
host its annual Gala —
Helping Little Hearts Heal
‘Work of Heart’- at the
Hyatt Regency La Jolla at
Aventine.”

“CHI Fund reaches out to the San Diego
community for support to ensure the best
care continues to be available for these
little hearts,” said Wendy Robinson, a
heart mom and chair of the evening. The
ticket price is $150 per person, with many
levels of underwriting and corporate seat-
ing available.

For more information please visit
www.chifund.org or contact Wendy
Robinson at: wendy@chifund.org or
call: 760-402-4011.

Janet LaPlante is a freelance writer and
speaker, whose focus is the topics of rela-
tionships, spirituality and finding balance in
our lives. She writes from her strong beliefs
of the human experience in her Tattler
newspaper column “Joy from Janet.” She
freelances for the Arizona Republic, Catho-
lic Sun and various magazines, including
Canticle and Grand magazine. Janet's
grandson has HPLH and she has just
completed a children’'s book.Scars on My
Tummy, to help children who have under-
gone heart surgeries.
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WATCH LIVE CASES ON THE WEB

Hosted by Congenital Cardiology Today
www.Live-Cases.com

Watch Live Cases from Milan, Italy; Columbus, OH, USA; Toronto, Canada,
performed by experts in the field:

Perventricular Muscular VSD - Drs. Emile Bacha, Ziyad M. Hijazi and Daniel Rowland,
Perventricular Membranous VSD - Drs. Hakan Akintuerk, Zahid Amin and Qi-Ling Cao
Hybrid Stage | Palliation for HLHS PA Bands and PDA Stent - Drs. Mark Galantowicz and John P. Cheatham
Intraoperative Aortic Stent for CoA - Drs. Redmond Burke and Evan Zhan
Intraoperative LPA Stent Using Endoscopic Guidance - Drs. Alistair Phillips, Ralf J. Holzer, and Vincent Olshove, CCP
Creation of ASD after PA Bands & PDA Stent for HLHS in a Preemie - Dr. John P. Cheatham, Sharon L. Hill, ACNP
Perventricular Implant of Edwards Valve Stent in the Pulmonary Position - Drs. Ziyad M. Hijazi and Jinfen Lin
Closure of Septal Defect Using Real Time 3D Echo Guidance - Drs. Nikolay V. Vasilyev and Qi-Ling Cao
High Frequency Ultrasound Creation of ASD - Drs. Nikolay V. Vasilyev and Qi-Ling Cao
PmVSD Closure - Dr. Mario Carminati
Transcatheter Implantation of Implantable Melody Valve- Dr. John Cheatham
Percutaneous Closure of ASD(s) with TEE or ICE Guidance - Percutaneous Valve Implantation - Drs. Eric Horlick
and Lee Benson
Perimembranous VSD Closure with Amplatzer Membranous VSD Occluder - Drs. M. Carminati, J. Bass, G.F. Butera,
D. Hagler and M. Carrozza

New live cases will be added in the following months.
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If you would like to be notified when additional live cases have been added, please send an email to: LiveCases@CHDVideo.com.
For more information on the symposiums that produced these live cases, and how to attend, please visit:

« ISHAC (International Symposium on the Hybrid Approach to Congenital Heart Disease) www.hybridsymposium.com

« PICS-AICS (Pediatric and Adult Interventional Cardiac Symposium) www.picsymposium.com
« International WorkshoplPC (International Workshop on Interventional Pediatric Cardiology) www.workshopipc.com

www.Live-Cases.com
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Medical News, Products and Information

Patient Reports Can Add to Efforts to Identify, Reduce
Adverse Events in Hospitals

Hospitals' efforts to improve patient safety rely on several meth-
ods of monitoring and evaluating the occurrence of adverse
events: including incident reports from members of the health
care team, automated surveillance of clinical data, and review of
medical records. A group of Massachusetts researchers report in
the July 15, 2008 Annals of Internal Medicine that surveying pa-
tients about their experiences can provide additional important
information. They found that nearly 23% of patients reported ex-
periencing a complication during or immediately after their hospi-
tal stay, compared with about 11% of patients whose adverse
events were identified through medical record review.

"Every approach to monitoring adverse events or complications
has its limitations, even record review, which has been regarded
as the "gold standard,” says lead author Joel Weissman, PhD, of
the Massachusetts General Hospital (MGH) Institute for Health
Policy. "Our research demonstrates that patients themselves can
be a valuable source of information about unexpected complica-
tions that occur as a result of medical care, both during their hos-
pital stay, and after they are discharged.”

While many hospitals regularly survey patients after discharge,
those surveys are usually focused on patients' satisfaction with
their care, and not on whether they experienced injuries or com-
plications. The current study was designed to:evaluate whether
patients can accurately report adverse events they experienced,
the types of events patients were most likely to report, and how
well patient reports matched what is in the medical record. It con-
sisted of two primary phases: a telephone survey of patients ad-
mitted to 16 Massachusetts hospitals during six months in 2003,
and a review of the medical records of survey participants who
gave written permission for the review.

Weissman explains, "Adverse events are complications or injuries
to patients — some of which may be due to preventable errors,
and some which are neither preventable nor error-related. For
example, an allergic reaction to a drug is an adverse drug event.
If the allergy was known, administering that drug was a prevent-
able error. But if the allergy was unknown, it was not preventable,
although still an adverse event. Patients may be more likely to
know about complications than about errors in their care."

About 2,600 patients participated in the telephone survey, which
took place 6 to 12 months after hospital discharge. The 20-minute
interview assessed several aspects of their clinical care and spe-
cifically asked about any negative effects, complications or inju-
ries they had experienced during or after their hospitalization.
Event s patients reported were subsequently reviewed by two

physician co-authors, who evaluated and scored them by severity
and preventability.

A medical records review, approved by almost 1,000 patients,
was conducted by nurses trained to identify adverse events ac-
cording to specific criteria. Two different physician reviewers clas-
sified and scored the medical record events.

The study identified 381 patients who experienced some sort of
adverse event — 2 29 were identified in the interview and 105 in
the medical record, but only 53 were noted by both sources. Less
than 10% of events identified by either method were serious or
life-threatening, and under a third were determined to be probably
or definitely preventable. Most of the events that took place after
patients were discharged from the hospital were related to their
care but did not become evident until they left the hospital.

"This study shows very clearly that additional tools can and should
be added to hospitals' efforts to evaluate patient safety," says study
co-author Nancy Ridley, MS, of the Massachusetts Department of
Public Health. "Patient involvement plays an important role in the
safety and delivery of health care services, and we encourage hos-
pitals to enlist patients in these efforts wherever possible."

Adds Saul Weingart, MD, PhD, of Dana-Farber Cancer Institute, a
study co-author and one of the physicians who reviewed patient-
reported events, "We need to learn more about how patients can
help clinicians ensure safe care in the hospital and in ambulatory
settings. It's pretty clear that they can teach us important things
about improving patient safety, if we only ask them."

While conducting the kind of telephone surveys used in this study
might be costly, the researchers note, so is medical record review.
Adding safety-oriented questions to existing satisfaction-focused
patient questionnaires might be a first step, but utilizing multiple
methods to track adverse events will probably give the most accu-
rate results. "What is most important is to learn from our mistakes
and determine how to prevent them in the future,” Weissman
says. "We hope that our research will give patient safety advo-
cates another tool to accomplish that aim."

An associate professor of Medicine at Harvard Medical School,
Weissman is currently on leave from his MGH position and work-
ing as a senior health policy advisor in the Massachusetts Execu-
tive Office of Health and Human Services. He is also a professor
of Family and Community Medicine at the University of Massa-
chusetts Medical School.

Additional co-authors of the Annals report are Eric C. Schneider,
MD, MSc, and Arnold M. Epstein, MD, MA, Harvard School of
Public Health; Jo Ann David-Kasdan, RN, MS, and Sandra
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Feibelmann, MPH, MGH; and Constantine Gatsonis, PhD, Brown
University. At the time the study was conducted, co-authors Cath-
erine Annas, JD, and Leslie Kirle, MPH, were with the Mass. De-
partment of Public Health and the Massachusetts Hospital Asso-
ciation, respectively. The study was supported by a Cooperative
Agreement from the Agency for Healthcare Research and Quality
to the Mass. Department of Public Health.

Heart Valves « Cannulae ¢ Oxygenators & Filters Gene Directs Stem Cells to Build the Heart
RVOT Conduits ¢« Ablation Technologies * Pacemakers ¢ ICDs

Researchers at the Washington University School of Medicine in
St. Louis, have shown that they can put mouse embryonic stem
Committed to providing more options cells to work building the heart, potentially moving medical sci-
ence a significant step closer to a new generation of heart dis-
ease treatments that use human stem cells.

Scientists at Washington University School of Medicine in St.
Louis report in Cell Stem Cell that the Mespl gene locks mouse
embryonic stem cells into becoming heart parts and gets them
moving to the area where the heart forms. Researchers are now
testing if stem cells exposed to Mespl can help fix damaged
mouse hearts.

"This isn't the only gene we'll need to get stem cells to repair
damaged hearts, but it's a key piece of the puzzle," says senior
author Kenneth Murphy, MD, PhD, Professor of Pathology and
Immunology and a Howard Hughes Medical Institute investigator.
"This gene is like the first domino in a chain: the Mespl protein
activates genes that make other important proteins, and these in
turn activate other genes and so on. The end result of these fal-
ling genetic dominoes is your whole cardiovascular system."

Embryonic stem cells have created considerable excitement be-
cause of their potential to become almost any specialized cell
type. Scientists hope to use stem cells to create new tissue for
treatment of a wide range of diseases and injuries. But first they
have to learn how to coax them into becoming specialized tissue
types such as nerve cells, skin cells or heart cells.

"That's the challenge to realizing the potential of stem cells,” says
Murphy. "We know some things about how the early embryo de-
velops, but we need to learn a great deal more about how factors
like Mesp1l control the roles that stem cells assume."”

Mespl was identified several years ago by other researchers,
who found that it was essential for the development of the cardio-
vascular system but did not describe how the gene works in em-
bryonic stem cells.
Using mouse embryonic stem cells, Murphy's lab showed that
- Mespl starts the development of the cardiovascular system.
Mromc They learned the gene's protein helps generate an embryonic
cell layer known as the mesoderm, from which the heart, blood

Alleviating Pain - Restoring Health - Extending Life and other tissues develop. In addition, Mesp1 triggers the creation

of a type of cell embryologists recently recognized as the heart's

precursor.
For information, please call 1-800-BRAUN2 (227-2862)
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Working Together to Develop a Better Tomorrow
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They also found that stem cells exposed to the Mespl protein
are locked into becoming one of three cardiovascular cell types:

endothelial cells, which line the interior of blood vessels; smooth &
muscle cells, which are part of the walls of arteries and veins; or

cardiac cells, which make up the heart.

"After they are exposed to Mespl, the stem cells don't make any Transcatheter Pulmonary Valve

decisions for several days as to which of the three cell types
they're going to become," Murphy notes. "The cues that cause
them to make those commitments come later, in the form of pro-
teins from other genes."

Researchers already know a number of the genes that shape the
heart later in its development. Murphy plans to start tracing
Mespl's effects from gene-to-gene, following the falling genetic
dominoes, which branch out into the pathways that form the
three cardiac cell types.

"If we can find gene combinations that only make endothelium or
cardiac or smooth muscle, then that could be applied to tailoring
embryonic stem cells for therapies later on," he says.

Lindsley RC, Gill JG, Murphy TL, Langer EM, Cai M, Mashayekhi
M, Wang W, Niwa N, Nerbonne JM, Kyba M and Murphy KM.
Mespl coordinately regulates cardiovascular fate restriction and
epithelial-mesenchymal transition in differentiating ES cells. Cell
Stem Cell, July 3, 2008. For more information:
www.cellstemcell.com.

Improving Patient Care by “Personalizing” the Practice of
Medicine Often Results from Studying Specific Drugs and H
Their Impact on Genetic Biomarkers A nonsurglcal

New research underway at George Washington University (GW) breakthrough
by Travis O'Brien, PhD, looks at the drug warfarin, an oral anti- ¢

coagulant used to treat individuals with certain cardiovascular . .
diseases. Warfarin accounts for several million prescriptions ¥ ! n treatlng RV
each year. With its narrow therapeutic index, warfarin may not be : .

well tolerated by certain individuals because of their genetic ; 4 -
makeup, says Dr. O'Brien, Associate Professor of Pharmacology T 1 to pA COﬂdUlt
and Physiology d f 3
O’'Brien and a team of researchers hope to unlock the key to the ys unction
personalization of warfarin therapy based on a patient’s genetic
biomarkers. The multidisciplinary research team also includes
April Barbour, MD, Assistant Professor of Medicine, Linda Lesky,
MD, Associate Professor of Medicine and Health Policy, and
Perry Payne Jr., MD, JD, MPP, Assistant Research Professor of
Health Policy. In addition, the study will be conducted in collabo-
ration with GW adjunct faculty, Arthur Harralson, PharmD, and
Robert Kidd, PharmD, PhD, from Shenandoah University,
Bernard J. Dunn School of Pharmacy.

As part of the study, samples will be collected by the Medical Fac-
ulty Associates. DNA from the samples will then be isolated and

Strategies for Imroved Outcomes
CAS www.5StarMedEd.ol
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analyzed at the GW Pharmacogenomics
Program laboratory, located at GW’s Ash-
burn, Virginia campus. The analyzed sam-
ples will then be subject to DNA sequenc-
ing, which is undertaking in the Department
of Pharmacology and Physiology's Core
Sequencing Facility located in Ross Hall.

“We believe that research aimed at decreas-
ing the health care costs associated with
stabilizing patients’ wafarin dosing potentially
can work as a preventative measure to de-
crease the incidence of adverse drug reac-
tions associated warfarin,” Dr. O'Brien said.

Newborns in ICUs Often Undergo
Painful Procedures, Most Without Pain
Medication

An examination of newborn intensive care
finds that newborns undergo numerous
procedures that are associated with pain
and stress, and that many of these proce-
dures are performed without medication or
therapy to relieve pain, according to a
study in the July 2, 2008 issue of JAMA.

“Repeated invasive procedures occur rou-
tinely in neonates [a baby, from birth to four
weeks] who require intensive care, causing
pain at a time when it is developmentally
unexpected. Neonates are more sensitive
to pain than older infants, children, and
adults, and this hypersensitivity is exacer-
bated in preterm neonates. Multiple lines of
evidence suggest that repeated and pro-
longed pain exposure alters their subse-
guent pain processing, long-term develop-
ment, and behavior. It is essential, there-
fore, to prevent or treat pain in neonates,”
the authors write. “Effective strategies to
improve pain management in neonates
require a better understanding of the epi-
demiology and management of procedural
pain.”

Ricardo Carbajal, MD, PhD, of the Hdpital
d'enfants Armand Trousseau, Paris, and
colleagues collected data on neonatal pain,
based on direct bedside observations in
intensive care units (ICUs) in the Paris
region. The study, conducted between
September 2005 and January 2006, in-
cluded data on all painful and stressful
procedures and corresponding analgesic
(a medication used to relieve pain) therapy
from the first 14 days of admission col-
lected within a six-week period from 430
neonates admitted to tertiary care centers.
The average gestational age was 33
weeks, and the average intensive care unit
stay was 8.4 days.

During the study period, neonates experi-
enced 60,969 first-attempt procedures,

12

with 42,413 (69.6%) painful and 18,556
(30.4%) stressful procedures; 11,546 sup-
plemental attempts were performed during
procedures including 10,366 (89.8%) for
painful and 1,180 (10.2%) for stressful pro-
cedures. Examples of painful procedures
that were performed include nasal and
tracheal aspiration (removal of fluid), heel
stick and adhesive removal. The average
number of all procedures per neonate was
141 and the average number of proce-
dures per day of hospitalization was 16.
Each neonate experienced a median (mid-
point) of 115 procedures during the study
period and 16 procedures per day of hospi-
talization. Of these, each neonate experi-
enced a median of 75 painful procedures
during the study period and 10 painful pro-
cedures per day of hospitalization.

Infants received specific analgesia for a
median of 20% of the painful procedures
performed during the study period. Of the
42,413 painful procedures, 907 (2.1%)
were performed with pharmacological-only
therapy, 7,734 (18.2%) with
nonpharmacological-only therapy, 164
(0.4%) with both, and 33,608 (79.2%)
without specific pre-procedural analgesia.

Further analysis indicated that prematurity,
parental presence during procedures, neo-
nates undergoing surgery, daytime per-
formance (7 a.m. to 6 p.m.), and day of
hospitalization (2-14 days) were associated
with greater use of specific pre-procedural
analgesia, whereas mechanical ventilation,
noninvasive ventilation, and the administra-
tion of nonspecific concurrent analgesia
were associated with less frequent use of
specific pre-procedural analgesia.

“Advances in neonatal care in recent dec-
ades with increased survival of immature
and sick neonates have led to an in-
creased number of invasive procedures
that may cause pain in these vulnerable
neonates. The prevention of pain in criti-
cally ill neonates is not only an ethical obli-
gation, but it also averts immediate and
long-term adverse consequences,” the
researchers write. “... strategies to reduce
the number of procedures in neonates are
needed urgently. The American Academy of
Pediatrics recently emphasized the need to
incorporate a principle of minimizing the
number of painful disruptions in neonatal
care protocols. Such strategies would aim at
bundling interventions, eliminating unneces-
sary laboratory or radiographic procedures,
using transcutaneous measurements when
possible, and minimizing the number of
procedures performed after failed attempts.”

(JAMA. 2008;300[1]:60-70.
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