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Abstract
Purpose of Review The purpose of this study was to examine
some recent developments in paediatric surgery, to both high-
light them and to illustrate an underlying theme.
Recent Findings Paediatric surgeons have a desire to mini-
mise morbidity, recognising the potential fragility of the child
surrounding the disease. Modern solutions continue to address
underlying pathologies, but with lower morbidity to the sur-
rounding child. Laparoscopic surgery is an obvious example
of this. It is not the only example. The move from open to
percutaneous approaches for central venous access and tu-
mour biopsy is another illustration. In some cases, an opera-
tion may not be required at all, such as treating empyema with
fibrinolytics rather than surgery.
Summary Minimising operations, minimising access, and in
some cases not operating at all are underlying themes to an
approach that seeks to minimise harm.

Keywords Primumnon nocere . Central venous
catheterisation . Empyema . Appendicitis, non-operative
management

Introduction

The aphorism ‘primum non nocere’ can be translated as ‘first-
ly, do no harm’. It is often mentioned in relation to medicine
but is a difficult philosophy to adhere to in surgical specialties.
The very nature of surgerymeans some harm to normal tissues
is inevitable, as the surgeon approaches their target tissue. A
more appropriate surgical maxim would be ‘primum quam
minime nocere’, which translates as ‘firstly do as little harm
(as possible)’. Paediatric surgeons have a desire to minimise
harm to the child surrounding the disease. Surgery has the
capacity not only for great benefit but also great harm. The
challenge is to effect the former while minimising the latter.
This is especially important in children, since the surgeon is
working with a growing and changing canvas. For the
smallest infants, that canvas is fragile, and anything that re-
duces surgical harm is desirable.

Surgical harm can be decreased in a number of ways.
Surgeons can minimise their approach to the target tissue,
thereby causing less trauma to normal tissues. They can adopt
a minimal approach to surgery once there, doing the least
necessary to solve the problem. In some cases, surgeons have
discovered that they may not need to operate at all, as research
and experience challenge previously held beliefs about the
benefit of some procedures. Paediatric surgeons continue to
explore these approaches, with a view to minimising harm to
their patients.

One historical example to illustrate the concept of ‘primum
quam minime nocere’ is the evolution of surgical approaches
to idiopathic hypertrophic pyloric stenosis (IHPS). William E.
Ladd called surgery for IHPS “… among the most satisfactory
procedures in the surgical field.” Direct attack on the pylorus
was initially highly invasive, with finger divulsion (Loreta’s
procedure) or even pylorectomy [1]. Heineke (in 1886) and
Mikuliz (in 1887) independently devised a full thickness
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pyloroplasty [2, 3]. Fredet and Weber in the early 1900s
recognised that an extramucosal pyloroplasty was sufficient
to treat the disease, avoiding the risk of spill of gastric contents
in an era predating effective antibiotics [4, 5]. This was evo-
lution by subtraction, minimising the operation to achieve the
same outcome. Ramstedt further simplified the operation by
recognising that re-apposition of the split pyloric muscle was
unnecessary and that an extramucosal pyloromyotomy alone
was sufficient, a further evolution by subtraction. That this
operation is still performed over a century later attests to its
longevity. While there have been further changes since
Ramstedt, these centre on the approach to the pylorus rather
than the operation itself. The large central abdominal incisions
of the early part of the twentieth century have given way to
trans-umbilical approaches, either open or laparoscopic. Once
at the pylorus, the operation is the same—an extramucosal
pyloromyotomy.

Minimising the Approach

Aminimised approach to surgery has the aim of achieving the
same goal at the target tissue, with decreased trauma to tissues
encountered on the way. The most familiar example of a
minimised approach is the rise of laparoscopic paediatric sur-
gery, but it is not the only example. Another example is the
increased use of percutaneous techniques.

Aminimised approachmeans smaller scars, though parents
are less concerned with the size of the scar than they are with
potential complications [6]. Scars in children, particularly
burn scars, can cause significant detriment to quality of life
so strategies to reduce scarring mitigate this [7]. Scars in chil-
dren can become more problematic as the child grows, partic-
ularly burn scars across joints. Wounds in neonates can tether
as the child grows, leading to increasingly unsightly scarring.

Endosurgery

Endosurgery encompasses those approaches where the oper-
ator’s view is via videoscopic equipment, rather than direct
visualisation. The target may be accessed via natural orifices
in the aerodigestive or genitourinary tract. It may also be
approached via incisions in the abdomen or thorax—laparo-
scopic or thoracoscopic surgery. When the public think of
minimisation in surgery, it is laparoscopy that often first
comes to mind.

Surgeons worldwide enthusiastically adopted laparoscopic
surgery, often in advance of high-quality studies demonstrat-
ing a benefit. Single-incision laparoscopic surgery (SILS) is
essentially a modification of this technique. In SILS, a single
wound is created for a laparoscopic approach. This compro-
mises the natural triangulation of multi-port laparoscopic sur-
gery, but developments in instrument design have to some

extent compensated for this. The perceived advantage is a
single incision and therefore even less scarring. This incision
is larger and has, to some extent, been offset by the availability
of smaller laparoscopic instruments (3 mm or smaller), and
therefore smaller scars. Paediatric surgeons have not adopted
SILS as enthusiastically as their adult colleagues, perhaps be-
cause the perceived marginal scar benefit does not offset the
increased difficulty (and therefore risk) of the operation. A
2.5-cm SILS port incision for an adult surgeon can be a lapa-
rotomy wound for a paediatric surgeon.

Most paediatric surgical operations are achievable
laparoscopically or thoracoscopically. In many cases, such as
oesophageal atresia repair, there is a body of evidence dem-
onstrating at least equivalent results [8]. Laparoscopic surgery
for biliary atresia is an exception. A number of high-volume
centres adopted a laparoscopic approach, while continuing to
analyse their results. The operation was shown to be techni-
cally feasible laparoscopically, but systematic reviews demon-
strated worse outcomes [9••, 10•]. Biliary atresia remains one
of the few operations to have demonstrably worse outcomes
with laparoscopic, compared to open, approaches. Primum
quamminime nocere for biliary atresia means the current gold
standard remains an open approach. The open approach cur-
rently has better long-term results for biliary drainage and
native liver survival.

Central Venous Access

More severe diseases require more intensive treatments. This
is particularly so in neonatal and paediatric intensive care, and
in paediatric oncology [11]. Central venous access devices as
small as 1 French (1Fr/28G) are now routinely available,
meaning they can be deployed in smaller and smaller children.
Minimisation has not solely occurred in terms of the size of
these devices, but also in the techniques associated with their
insertion and aftercare. The size of the inserted device appears
to alter complication rates, particularly in patients under
5 years of age where lines smaller than 6Fr are safer [12].

Surgeons previously, and of necessity, became adept at
finding points of venous cut-down [13]. Choice of insertion
techniques has undergone minimisation, with a move away
from open cut-down to percutaneous techniques, with or with-
out ultrasound guidance. There are mixed data on the use of
ultrasound-guided (either real time or using prelocation) over
landmark-guided (or ‘blind’) techniques. Data from the anaes-
thetic literature suggests landmark insertion techniques to be
safe with high success rates [14]. With smaller children, larger
lines and less-experienced operators, the chances of success
decline [14]. Recent reviews demonstrate lower failure rates
with ultrasound-guided techniques [15, 16]. Previously open
surgical cut-down was the norm, with an up to 25% occur-
rence of permanent vein occlusion following removal [17••].
The equivalent rate for ultrasound-guided percutaneous
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insertion is 3%, which has obvious implications in children
requiring lifelong central venous access [17••]. Percutaneous
ultrasound-guided techniques may have longer intraoperative
screening times that need to be offset against the advantages of
smaller scars and higher vein patency post-removal of the line
[18].

Peripherally inserted central catheters (PICCs) were first
described in 1975 as an alternative method of central venous
access [19]. There is wide interhospital variation in the use of
PICCs in settings such as complicated appendicitis [20]. Risk
factors for complications such as thrombosis are being defined
and appear to approach those of surgical central lines [21].
Numbers being inserted are increasing and dwell times are
decreasing, due either to complications necessitating early re-
moval or to shorter planned treatments. It is not clear the
associated complications are fully appreciated by referring
clinicians, who may see PICCs as a handy alternative to mul-
tiple and sequential peripheral intravenous lines [22].
Approximately 20% of patients with complicated appendicitis
will now have a PICC line, with no appreciable change in
outcomes [23]. This is perhaps an area where minimisation
is viewed differently by paediatricians compared to surgeons
or anaesthetists. For the former, the patient arrives back from
theatre with a PICC line in situ and junior members of the
team no longer have to struggle with inserting intravenous
lines. For the latter, inserting a PICC may represent an hour
or more of theatre time for no appreciable reduction in com-
plication risks [23]. The appropriate indications and optimum
management of PICC lines are yet to be determined, but they
have the potential to streamline treatment for some groups of
patients.

Tumour Biopsy

The majority of long-term central venous access devices are in
children with malignancies. It is not always possible to make a
diagnosis from history, examination, and imaging. Pre-
operative chemotherapy has the potential to cause tumour
shrinkage and make resection less morbid, but there is a risk
of causing harm by delivering suboptimal chemotherapy. A
biopsy allows confirmation of diagnosis and appropriate
targeting of neoadjuvant therapy but carries a risk of harm
from the biopsy itself. Children’s cancer groups have taken
varying approaches to this conundrum, based in part upon
their early history with the tumours they encountered [24].
For some, upfront resection of the mass is the standard of care.
For others, neoadjuvant chemotherapy, with or without prior
biopsy, is more common. In situations where a biopsy is per-
formed, there has been a move towards percutaneous core
biopsy for most childhood tumours. Percutaneous biopsy ac-
curacy and yields are improved with multiple passes, and with
the use of immunohistochemical techniques [25, 26]. Smaller
amounts of tissue are needed to make an accurate diagnosis

that includes prognostic variables. There are now a multitude
of prognostic factors employed in both Children’s Oncology
Group (COG) and International Society of Paediatric
Oncology (SIOP) protocols. For example, Wilms’ tumour ac-
cepted parameters include loss of heterozygosity on chromo-
somes 1p and 16q [27]. Future studies may incorporate gain of
chromosome 1q, the methylation pattern of chromosome
11p15, and molecular markers for resistant blastema into risk
classification schemata [27]. The net effect is the increasing
ability to more accurately risk-stratify patients. This permits
minimisation of neoadjuvant or adjuvant therapy, with no det-
rimental effects on cure rates but a correspondingly beneficial
decrease in long-term secondary effects.

Interventional Radiology

Interventional radiology in paediatric surgery has grown in
scope and indication. Image-guided approaches are not only
being utilised in radiology, as surgeons and anaesthetists also
use ultrasound scanning in line placements. Interventional ra-
diological approaches are well documented not only for cen-
tral line placement but also for indications such as gastrostomy
or ventriculoatrial shunt placement [28•, 29]. Radiological
ablation for tumours—primary, recurrent and metastatic—is
also showing some promise as a treatment modality [30].
Antegrade sclerotherapy for varicocele has recurrence rates
as low as 3.4%, without the attendant risk of hydrocele for-
mation [31].

Minimising the Operation

The contemporary approach to empyema minimises not only
the approach but also the operation. The importance of
draining pus from the pleural cavity has been known since
the days of Hippocrates [32]. The morbidity of thoracotomy
and decortication led many centres to adopt video-assisted
thoracic surgery (VATS) for empyema. VATS became the
treatment of choice with evidence showing better results than
tube thoracostomy or non-operative management [33, 34].

Not satisfied withVATS, the approach to empyema is being
further minimised with the use of fibrinolytic therapy [35••].
Results of trials comparing VATS with fibrinolytic therapy
show equivalence in outcome [36–39]. Fibrinolytic therapy
allows placement of a small calibre tube, potentially under
conscious sedation rather than full general anaesthesia.
Centres are now using this therapy as first line in their ap-
proach to pleural empyema, with promising results [40, 41].
There are treatment failures with fibrinolytic therapy, but it is
currently difficult to predict a priori which patients these might
be [42]. Despite these studies, choice of first-line therapy is
predicted by the specialty of the clinician deciding, and there
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is a general agreement that the published evidence is incon-
clusive [43].

Not Operating at All

The appropriateness of a number of operations is now ques-
tionable, either due to advances in non-surgical care or by a
growing recognition that those operations do not necessarily
afford significant or lasting benefit. Splenectomy was previ-
ously a common treatment for blunt splenic trauma, until stud-
ies in the late 1960s and early 1970s showed it was possible to
treat children successfully without splenectomy [44, 45]. This
approach has now been extended to other intraabdominal solid
organs, and to adult patients [46]. Potentially disfiguring sur-
gery for vascular anomalies has given way to medical thera-
pies such as propranolol for infantile haemangiomas. Those
medical therapies in turn have seen dose minimisation studies
demonstrating equal benefit with improved side effect profiles
[47].

Appendicitis has also recently come under scrutiny. For
over a century, the accepted treatment for appendicitis has
been an appendicectomy. As a single operation, appendicec-
tomy makes up 8.2% of all general paediatric operations [48].
Though common, this operation is not without risk. Between
6 and 15% of patients will not have appendicitis at all,
resulting in an unnecessary operation [49]. There are also
the attendant risks of post-operative infection, ileus, and read-
mission. In children with an appendiceal phlegmon, there is an
evidence base to treating with antibiotics, rather than with an
up-front appendicectomy [50, 51]. Surgeons have now begun
to formally question the previously accepted paradigm and are
extending non-operative management of appendicitis to all
patients. Recent literature on this topic suggests such an ap-
proach will be successful in 87.5–98.7% of patients. To date,
there has been one published randomised pilot study and sev-
eral cohort studies [52–56]. A number of centres are in the
process of conducting randomised controlled trials comparing
operative with non-operative management of appendicitis in
children.

Conclusion

Paediatric surgery continues to explore newways of achieving
the same or improved outcomes for patients. The overarching
philosophy is to minimise harm without compromising the
aim of the operation. This can be achieved by refining the
operation to its bare minimum, by minimising the approach
through normal tissues, and in some cases, by challenging the
accepted paradigm that an operation is necessary at all. These
three elements are often blended in contemporary surgeons’
approach to paediatric disease.
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