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OrphanAnesthesia -
ein krankheitsiibergreifendes Projekt des Wissenschaftlichen Arbeitskreises Kinder-
anasthesie der Deutschen Gesellschaft fiir Andsthesiologie und Intensivmedizin e.V.

Ziel des Projektes ist die Verdffentlichung von Handlungsempfehlungen zur andsthe-
siologischen Betreuung von Patienten mit seltenen Erkrankungen. Damit will Orphan
Anesthesia einen wichtigen Beitrag zur Erhohung der Patientensicherheit leisten.

Patienten mit seltenen Erkrankungen bendtigen fiir verschiedene diagnostische oder
therapeutische Prozeduren eine andsthesiologische Betreuung, die mit einem erhohten
Risiko fiir andsthesieassoziierte Komplikationen einhergehen. Weil diese Erkrankungen
selten auftreten, konnen Andsthesisten damit keine Erfahrungen gesammelt haben, so
dass fir die Planung der Narkose die Einholung weiterer Information unerlasslich ist.
Durch vorhandene spezifische Informationen kann die Inzidenz von mit der Narkose
assoziierten Komplikationen gesenkt werden. Zur Verfiigung stehendes Wissen schafft
Sicherheit im Prozess der Patientenversorgung.

Die Handlungsempfehlungen von OrphanAnesthesia sind standardisiert und durchlau-
fen nach ihrer Erstellung einen Peer-Review-Prozess, an dem ein Andsthesist sowie ein
weiterer Krankheitsexperte (z.B. Padiater oder Neurologe) beteiligt sind. Das Projekt
ist international ausgerichtet, so dass die Handlungsempfehlungen grundsatzlich in
englischer Sprache veréffentlicht werden.

Ab Heft 5/2014 werden im monatlichen Rhythmus je zwei Handlungsempfehlungen
als Supplement der A&l unter www.ai-online.info verdffentlicht. Als Bestandteil der
A&l sind die Handlungsempfehlungen damit auch zitierfahig. Sonderdrucke kénnen
gegen Entgelt bestellt werden.

OrphanAnesthesia -
a common project of the Scientific Working Group of Paediatric Anaesthesia of the
German Society of Anaesthesiology and Intensive Care Medicine

The target of OrphanAnesthesia is the publication of anaesthesia recommendations for
patients suffering from rare diseases in order to improve patients’ safety. When it comes
to the management of patients with rare diseases, there are only sparse evidence-based
facts and even far less knowledge in the anaesthetic outcome. OrphanAnesthesia would
like to merge this knowledge based on scientific publications and proven experience of
specialists making it available for physicians worldwide free of charge.

All OrphanAnesthesia recommendations are standardized and need to pass a peer
review process. They are being reviewed by at least one anaesthesiologist and another
disease expert (e.g. paediatrician or neurologist) involved in the treatment of this group
of patients.

The project OrphanAnesthesia is internationally oriented. Thus all recommendations
will be published in English.

Starting with issue 5/2014, we’ll publish the OrphanAnesthesia recommenations as
a monthly supplement of A&l (Andsthesiologie & Intensivmedizin). Thus they can be
accessed and downloaded via www.ai-online.info. As being part of the journal, the
recommendations will be quotable. Reprints can be ordered for payment.
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Anaesthesia recommendations for
VACTERL association

Disease name: VACTERL association
ICD 10: Q87.2

Synonyms: VATERS association, VACTERLS association, VACTERL association
(ORPHAB887), VATER association (ORPHA887), VATER syndrome, ORPHA887. Each letter
of the mnemonic stands for one or more type of malformation. It is an association rather than
a syndrome, as there is no evidence that the malformations are pathogenetically related.
However, they occur together more frequently than expected by chance.

VACTERL association is defined by the presence of at least 3 of the following congenital
malformations: vertebral defects, anal atresia, cardiac defects, tracheoesophageal fistula,
renal anomalies and limb abnormalities. In addition to these core component features,
patients may also have other congenital anomalies.

Medicine in progress
j Perhaps new knowledge
Every patient is unique

Perhaps the diagnosis is wrong

o Find more information on the disease, its centres of reference and patient
organisations on Orphanet: www.orpha.net

» Citation: Richards E: VACTERL association. Andsth Intensivmed 2019;60:583-S94.
DOI: 10.19224/ai2019.5083
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Disease summary

Exact incidence unknown but in the order of 1/10,000 -1/40,000 live born infants.

Originally described in 1973 by Quan and Smith, as VATER association (acronym standing
for Verterbral anormalies, Anal atresia, Tracheoesophageal fistula with Oesophageal atresia,
Radial and Renal dysplasia). In 1974, Temtamy and Miller included ventricular septal defect
and single umbilical artery to the ‘V’. But in 1975, this was changed to VACTERL by
Kaufman and Nora and Nora (where ‘C’ stood for Cardiac anomalies and ‘L’ included limb
rather than just radial anomalies).

VACTERL association is a sporadic disease and a positive family history requires careful
differential diagnosis with other genetic conditions. Though the exact cause is unknown, it is
thought to be multifactorial in aetiology, with environmental triggers, including teratogens,
interacting with a genetically susceptible genome. Triggers include exposure of the foetus to
sex hormones, anticholesterol drugs, lead, adriamycin and dibenzepin in the first trimester,
as well as babies born to diabetic mothers. It is rarely seen more than once in one family.

Due to the number of organs affected non-randomly, it is thought that a “developmental field
defect” occurs during blastogenesis (2—4 weeks of gestation), where abnormal structures are
derived from the embryonic mesoderm. Males seem more affected than females and rarely
multiple individuals are affected in one family.

VACTERL association is a diagnosis of exclusion. The diagnosis is made clinically when 3 or
more congenital defects are present and no clinical or laboratory based evidence exists for
the presence of one of the many similar overlapping conditions. No validated diagnostic
criteria have been published.

Antenatal diagnosis is challenging, as both skill and experience is needed to interpret scans
performed and some features of the association are difficult to detect prior to birth.

Overall prognosis depends on type and severity of anomalies present. Today, the decreased
mortality in most children is the result of early detection by ultrasound in the second trimester
as well as early surgical intervention and rehabilitation.

Genetic counselling is difficult because of lack of information. Children with VACTERL
association have normal development and normal intelligence.

V — Vertebral and Vascular anomalies 70% (60-80%)

Small hypoplastic/dysplastic/missing/supernumerary vertebrae; hemivertebrae; “butterfly”
vertebrae; wedge vertebrae; vertebral clefts and fusion; caudal regression; tethered cord,;
branchial arch/cleft abnormalities; rib anomalies; sacral agenesis; dysplastic sacral verte-
brae; scoliosis or kyphoscoliosis secondary to costovertebral anomalies; C5-6 dislocation
and severe stenosis with spinal cord impingement, which is rare, and developmental delay
with signs of myelopathy which is even rarer.

Early complications — minimal; late complications — risk of developing scoliosis/back pain
Single umbilical artery 20% (often included as part of the 'V’ in VACTERL). Antenatal dia-

gnosis of the single umbilical artery is maybe the first sign of the diagnosis but it is not
specific of VACTERL association.

www.orphananesthesia.eu 2
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A - Anal atresia / imperforate anus 55% (up to 90%)

Noted at birth, requiring surgery in the first days of life, sometimes several surgeries required
to fully reconstruct the intestine and anal canal.

Involvement of rectum/anus relates to major risk of genital abnormalities, especially in
females with the risk of rectovaginal fistulas and urogenital complications.

C - Cardiovascular anomalies 75% (40-80%)

Most common defects — Ventricular Septal Defect (VSD) (22-30%) +/- heart failure / LV
dilatation, Atrial Septal Defect (ASD), Tetralogy of Fallot (TOF)

Less common defects — truncus arteriosus, transposition of the great arteries, hypoplastic left
heart syndrome (sporadic reports), patent ductus arteriosus (PDA), coarctation of the aorta

T — Tracheoesophageal fistula / E- Esophageal atresia 32%

15-33% will have associated uncomplicated congenital heart disease, e.g. VSD that do not
require surgery.

Oesophageal atresia can occur as an isolated defect with an incidence of around 8%.

R - Renal anomalies 50-80%

Can be severe with incomplete formation of one or both kidneys or urological problems, e.g.
severe reflux or obstruction of outflow of urine from the kidneys; Horseshoe kidneys, cystic,
aplastic, dysplastic or ectopic kidneys, hydronephrosis; unilateral +/- bilateral agenesis;
pyelonephritis; nephrolithiasis.

Kidney failure can occur early in life and may require kidney transplant.

Other renal abnormalities that can occur but are typically considered non-VACTERL include
hypospadias, UTI; urethral atresia/stricture, ureteral malformation; genital abnormalities,
fistula connecting genitor-urinary (GU) and anorectal tracts (up to 25%).

L — Limb defects incl. radial anomalies up to 70% (40-50%),

Includes displaced, absent or hypoplastic thumb/s, polydactyly, syndactyly and radial aplasia/
dysplasia/hypoplasia; radial ray deformities; radioulnar synostosis; club foot; hypoplasia of
great toe/tibia; lower limb tibial deformities.

Bilateral limb defects tend to have kidney/urological problems on both sides. Unilateral limb
defects tend to have kidney/urological problems on the same side.

Other — Growth deficiencies; failure to thrive.

www.orphananesthesia.eu 3
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Typical surgery

VACTERL association defects are treated post birth with issues being approached one at a
time.

Management is divided into 2 stages: 1) centers around surgical correction of the specific
congenital anomalies, incompatible with life, e.g. tracheoesophageal fistula, certain types of
severe cardiac malformations and Imperforate anus/anal atresia in the immediate post-natal/
neonatal period, followed by 2) long term medical management of sequelae of the congenital
malformations e.g. renal and vertebral anomalies.

Even though optimal surgical correction is carried out in early life, some patients will continue
to be affected by their congenital malformations throughout life.

V — Spinal surgery for vertebral anomalies and scoliosis (underlying costovertebral anoma-
lies) are common. Vertical expandable prosthetic titanium rib (VEPTR) for treatment of
thoracic insufficiency syndrome (TIS). Prophylactic de-tethering of spinal cord to prevent
irreversible deficits (in filum terminale lipoma +/- low lying spinal cord) or at least halt
progression of deformities (though not routinely offered if patient has anal atresia with
tethered spinal cord). Laminectomy for back pain/scoliosis. Spinal cord stimulator. Occipital
stabilisation. Cervical laminectomy and resection of posterior elements followed by stabili-
sation/fusion/traction (for congenital C5-6 dislocation).

A — Anal atresia or imperforate anus — surgery in first few days of life. Sometimes several
surgeries for full reconstruction of intestine and anal canal. Imperforate anus — either com-
plete correction immediately post birth or colostomy formation followed by reanastomosis
and “pull-through” surgery. Atresia — repair without colostomy in infancy.

C — Ventricular septal defect, atrial septal defect, Tetralogy of Fallot, transposition of great
arteries, truncus arteriosus correction. Ranges from anatomical abnormalities that do not
require surgery to necessitating several stages of challenging surgery.

TE — Tracheoesophageal fistula repair / oesophageal atresia usually repaired in first few
days of life with primary anastomosis (extrapleural approach/thoracoscopic/thoracotomy)
unless other factors (long gap, low general condition, other major abnormalities) make this
impossible, where a staged procedure is carried out (cervical oesophagostomy, abdominal
oesophagostomy, ligation of distal oesophagus with gastrostomy and feeding jejunostomy).
TEF repair almost always precedes repair of congenital heart disease if both are present.
Oesphageal stenosis — dilatation of oesophagus via balloon.

Tracheal stenosis — slide tracheoplasty.

Laryngo-tracheoesophageal cleft — conservative management for type 0 and 1; primary
closure using either endoscopy or external surgery for types 2—4 (and if conservative
management fails in type 0 and 1).

GOR - Nissen Fundoplication.

Diaphragmatic hernia repair.

Tracheomalacia — thoracoscopic aortopexy.

R — Surgery is done mainly to prevent damage from kidney and urological problems including
persistent cloaca abnormalities i.e. dilatation of stenotic bulbar urethra.

www.orphananesthesia.eu 4
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Genitourinary abnormalities — reconstructive surgery, treated in a staged manner; primary
repair (rectovaginal fistula, hypospadias)

L — Plastic surgery for polydactyly, syndactyly, wrist radialisation, but above all pollicisation

for the severe degrees of thumb hypoplasia. Bilateral trochanteric surgery — hip dysplasia
secondary to scoliosis.

Type of anaesthesia

General anaesthesia is needed for VACTERL association children due to the complexity of
surgery undertaken. No reports of contraindications to either TIVA or volatile anaesthesia
including nitrous oxide.

No reports of regional blocks being contraindicated in VACTERL patients.

Care must be taken when doing caudals or neuraxial blocks in VACTERL patients especially
if they have an imperforate anus, genitourinary abnormalities or sacral dimple, as they
frequently have occult spinal dysraphisms, e.g. tethered spinal cord, meningocele or lipo-
myelomeningocele. When planning a neuraxial technique, a spine ultrasound should be
performed. Difficult neuraxial block placement and failure has a higher incidence in patients
with vertebral column abnormalities versus patients without spinal abnormalities. The
utilisation of ultrasound has aided in accurate needle placement for neuraxial techniques
when spinal pathology is present.

For thoracoscopic procedures, ventilation will need to be adjusted to normalise or allow for
permissive hypercapnoea secondary to CO, insufflation. Also regular desufflation of thoracic
cavity needs to be undertaken to restore sufficient oxygenation. Some patients with con-
genital heart disease may not tolerate the physiologic changes that accompany insufflation
with thoracoscopic or laparoscopic procedures.

Necessary additional diagnostic procedures (preoperative)

Because of multiple systems affected by this association, baseline investigations are
necessary to rule out or determine the severity of the condition in addition to the usual
physical observations including height and weight.

Vertebral anomalies — X-ray, Ultrasound Scan (USS) and/or CT/MRI of the spine.

Anal Atresia — Physical examination/observation, abdominal ultrasound +/- additional testing
for genitourinary anomalies (urethrocystography, urethroscopy, intestinal barium
examination, abdominal/perineal USS, AXR).

Cardiac malformations — ECG (arrhythmias), echocardiogram +/- cardiac CT/MRI/

angiogram (exclude cardiac or vascular abnormalities; evaluate structure and function of
heart). Paediatric cardiology consultation. CXR (cardiomegaly).

www.orphananesthesia.eu 5
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Tracheoesophageal fistula — Physical examination/observation (contrast studies are rarely
required); CXR — PA/lateral; CT/MRI (tracheoesophageal cleft) + CXR (aspiration evidence)
and endoscopy; AXR (diaphragmatic hernia).

Renal anomalies — Renal ultrasound +/- voiding cystourethrogram; CT urogram multislice;
abdominal CT; urine M/C/S.

Limb anomalies — Physical examination, X-rays (skeletal survey — limbs, hips, rib); angio-
graphy (radial artery hypoplasia).

Blood work — Full blood count, haemoglobin, haemocrit, electrolytes, renal function, liver
and bone profiles, vitamin D, glucose, group and save, cross match; coagulation/bleeding
time; chromosome analysis.

Post dialysis — blood urea, electrolytes, weight, (Pt with abnormalities of the heart and
kidney may be more at risk for Haemolytic uremic syndrome).

Pulmonary workup — CXR +/- respiratory function tests.

Particular preparation for airvay management

Airways can be anatomically challenging in VACTERL patients secondary to their
craniofacial-vertebral deformities. A difficult airway trolley should be available in the operating
room when anaesthetising these patients.

VACTERL children may have other associated abnormalities e.g. cleft lip and palate, hemi-
facial microsomia (hypoplastic mandible +/- webbed neck), and present for various types of
surgery. A difficult airway and hence intubation should be anticipated.

Additionally extra equipment maybe needed for patients with cervical instability.

Extubating patients with difficult airways need to be taken with considerable caution.
Depending on the surgery undertaken, some of these children will need postoperative
intensive care ventilation for a few days, whilst others may be deemed safe to extubate on
the operating table. History of an increased risk of aspiration, e.g. cleft lip/palate,
tracheoesophageal fistula, may preclude early extubation.

There are reports of difficult intubation and tracheal damage in patients with oesophageal
atresia. In patients with a TEF, endotracheal tube placement and mechanical ventilation can
be especially challenging. This can be secondary to the proximity of the fistula to the carina,
causing gastric insufflation, aspiration of gastric contents from the fistula, and prematurity,
with an incidence of 30% in patients with a TEF. To properly position the ETT, an intentional
mainstem intubation can be performed with subsequent withdrawal of the ETT just above the
carina. Therefore, the ETT is positioned just above the carina and below the fistula, avoiding
gastric insufflation and inadequate ventilation. This may not be possible in case of very large
or pericarinal fistulas. Often, prior to intubation, rigid bronchoscopy is performed to define the
anatomy, size and location of the fistula.

Isolated tracheal stenosis/atresia may exist which will cause impossible ETT intubation.
Urgent tracheostomy will be needed. If laryngeal stenosis only is present, then smaller ETT

www.orphananesthesia.eu 6
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should be used rather than the correct size. Be careful in recently repaired laryngeal cleft
when inserting ETT as it could damage the repair/reconstruction.

Particular preparation for transfusion or administration of blood products

Since there are major operations that will be undertaken in VACTERL infants, e.g. cardiac,
TOF/OA, spinal operations, gastrointestinal and diaphragmatic hernia etc. — blood products
need to be ordered and issued before the procedure is underway.

Particular preparation for anticoagulation

Patients may have coagulation issues secondary to chronic renal failure and being on
dialysis. They may also be at a higher risk of developing uraemic haemolytic anaemia.

Otherwise, there are no reports on coagulation issues in VACTERL patients.

No particular reports for any anticoagulant regimen.

Particular precautions for positioning, transport or mobilisation

Not reported.

Probable interaction between anaesthetic agents and patient’s long-term medication

Not reported.

Anaesthesiologic procedure

Avoid suxamethonium in patients with chronic renal failure, due to hyperkalaemic
arrhythmias and arrest. Dialysis should be used to lower the potassium level prior to surgery.

No reports of either intravenous or inhalation anaesthetic agents being contraindicated.

Intravenous access can be challenging in patients with limb abnormalities.

www.orphananesthesia.eu 7
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For patients with TEF coming for repair, a rigid bronchoscopy is helpful to aid in ETT
positioning. Anaesthesia with spontaneous ventilation versus positive pressure ventilation
can avoid gastric insufflation through the fistula and subsequent pneumoperitoneum.

Patients with oesophageal atresia having had oesophageal reconstruction repair with a piece
of colon, are at risk of aspiration including silent aspiration (up to 50%), as there is no lower
oesophageal sphincter (LOS) present and motility is slow. Consider antacids +/- prokinetic
agents and nil orally for 12 hours preoperatively. Rapid sequence induction (RSI) with
adequate pre-oxygenation with elevation of head of the bed at induction of anaesthesia. Use
clear mask so visualisation of aspiration is possible and have a large bore suction available.

Particular or additional monitoring

Forced air warming device should be used to prevent drop in the infant/neonate's (especially
with low birth weight) core temperature.

Arterial and Central Venous Lines (CVL) are usually inserted in patients having prolonged
operations, operations involving haemodynamic instability or major fluid shifts, e.g. cardiac
and TOF/OA operations. Radial arterial line placement may be difficult or impossible if radial
or upper limb anomalies are present.

NIRS (near infrared spectroscopy) can be used for cardiac and thoracoscopic repair of TOF/

OA to ensure adequate oxygenation of cerebral tissues (although there are no consistent
reports regarding this).

Possible complications

Patients with TOF/OA have a susceptibility to respiratory infections (atelectasis and
pneumonia) due to a weakness in tracheal muscles and hyperreactive airways. These
patients need active respiratory care with physiotherapy and antibiotics pre- and post-
operatively.

Acute life threatening events (10-20%) may occur postoperatively in OA patients which
include gastroesophageal reflux and tracheomalacia. In one study GOR occurred in 52% of
the patients.

Patients that are premature (<1,500g) or have associated major cardiac conditions have an
increased mortality rate post TOF/OA repair.

Patients with laryngeal clefts may present with chronic cough, aspirations, recurrent pneu-
monias and respiratory distress.

www.orphananesthesia.eu 8
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Postoperative care

Postoperative monitoring depends on type of surgery undertaken and preoperative medical
condition.

Major operations, i.e. TOF/OA repair, laryngeal cleft, cardiac surgery, will require intensive
care admission postoperatively for continued ventilation +/- paralysis, haemodynamic
monitoring and appropriate fluid management, close observation for the development of
potential complications as a result of surgery, feeding including total parental nutrition, anti-
biotics and analgesia.

Information about emergency-like situations / Differential diagnostics

Tracheal agenesis/stenosis with tracheoesophageal fistula can be associated with VACTERL
association. Respiratory insufficiency in the newborn infant may be overcome by intubating
the oesophagus or performing emergency tracheotomy and applying positive pressure
ventilation. Success is not always possible.

Ambulatory anaesthesia

Not reported.

Obstetrical anaesthesia

Physiology during pregnancy can affect and even worsen the preexisting conditions of
VACTERL parturients, mainly cardiac, spinal and respiratory/airway.

General, neuraxial (epidural +/- spinal) or a combined anaesthetic technique is possible after
evaluating the issues pertinent to the individual patient. A full assessment needs to be
undertaken in order to choose the optimal anaesthetic technique.

Beware that parturients may have a difficult airway and/or respiratory insufficiency (restrictive
lung disease) due to major thoracocervical spinal abnormalities. The severity of the
restrictive lung disease can negatively impact on ventilation +/- oxygenation during neuraxial
or general anaesthesia. Airway assessment is important including Mallampati score. CXR
and respiratory function tests will help to further define the extent of spinal abnormalities and
any lung abnormalities, e.g. collapse, degree of lung expansion, respiratory reserve etc.
Respiratory follow-up throughout pregnancy is important. Awake fibre optic intubation should
be considered as a backup if direct laryngoscopy is felt to be dangerous.

www.orphananesthesia.eu 9
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Before a regional technique is undertaken, one needs to elicit with MRI where the spinal cord
medulla ends and also define what spinal malformations if any, exist, e.g. segmentation in
the lumbar region. Due to fixed lumbar scoliosis, it may be difficult to find lumbar landmarks
for needle placement. Ultrasound can be used as an adjunct in this case (and it may reduce
the incidence of dural puncture). Neuraxial anaesthesia can be used for both peri- and
postoperative analgesia, although inadequate dermatomal block is a known complication.

ECHO is needed to rule out any abnormal cardiac morphology present. Cardiology follow-up
for optimisation is important.
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