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Abstract
Background: Extravasation injuries are caused by unintended leakages of fluids or medicines from intravenous lines
but there is no consensus on the best treatment approaches, particularly in infants and young children.
Methods: This paper presents a more succinct account of a study of treatments for extravasation injuries in infants
and children which has also been reported in full as an NIHR HTA report. A systematic scoping review and survey
of UK NHS practice were undertaken. Twelve databases - including MEDLINE and EMBASE - were searched for
relevant studies in February 2017. Studies of children with extravasation injuries receiving any treatment for
extravasation injury were eligible, providing they reported one of the following outcomes: wound healing time,
infection, pain, scarring, functional impairment, and requirement for surgery. Studies were screened in duplicate.
Data were extracted by one researcher and checked by another. Studies were summarised narratively. An online
questionnaire was distributed to NHS staff at neonatal units, paediatric intensive care units and principal oncology/
haematology units.
Results: The evidence identified in the scoping review was mostly comprised of small, retrospective, uncontrolled
group studies or case reports. The studies covered a wide range of interventions including conservative management
approaches, saline flush-out techniques (with or without prior hyaluronidase), hyaluronidase without flush-out, artificial
skin treatments, debridement and plastic surgery. Few studies graded injury severity and the results sections and
outcomes reported in most studies were limited. There was heterogeneity across study populations in many factors.
The survey yielded 63 responses from hospital units across the UK. Results indicated that although most units had
written documentation for treating extravasation injuries, only one-third of documents included a system for grading
injury severity. The most frequently used interventions were elevation of the affected area and analgesics. Saline washout treatments, either with or without hyaluronidase, were regularly used in about half of all neonatal units. Most
responders thought a randomised controlled trial might be a viable future research design.
Conclusions: There is some uncertainty about which are most the promising treatments for extravasation injuries in
infants and young children. Saline flush-out techniques and conservative management approaches are commonly
used and may be suitable for evaluation in trials. Although conventional randomised trials may be difficult to perform a
randomised registry trial may be an appropriate alternative design.
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Background
Intravenous (IV) access for the provision of medication and
nutrition is a common, and in many cases essential, procedure when treating children and infants in hospital. Although
adverse outcomes resulting from IV access are rare, the procedure is not without risk. Extravasation injuries are caused
by unintended leakages of fluids or medicines from IV lines
in which a fluid deviates from its planned pathway - the vein
- into surrounding tissue. These injuries can cause pain, inflammation, tendon or nerve damage and predispose to
local and invasive infection, ulceration and tissue necrosis.
Initial treatments aim to reduce pain and prevent or minimise local tissue necrosis and associated functional and cosmetic impairment. Injuries which result in tissue necrosis
seem to be more prevalent in neonates and younger infants.
This is likely to be due to their immature skin, fragile veins,
lack of subcutaneous tissue, limited ability to report pain,
likelihood of needing longer periods of intravenous treatment, limited number of venous access sites, the small-bore
of catheters and the small drug volume. This paper presents
a more succinct account of a study of treatments for extravasation injuries in infants and children which has also
been reported in full as an NIHR HTA report. [1]
There is some uncertainty about the incidence of
extravasation injuries in children. Across different oncology
populations (including adults) reports range between 0.01
and 7% for chemotherapy extravasations. [2] A study of
1409 neonates reported a severe injury rate of 2.4% with
total parenteral nutrition solution being involved in most
cases. [3] Extravasation injuries have been classified into four
stages of increasing severity based on assessment of pain,
erythema, swelling, blanching, capillary refill, and pulse volume. [4] Although these Millam guidelines may generally be
useful in predicting injury prognosis, and in determining the
best treatment results, they appear to have a more limited
value in paediatric populations. [5, 6]
Treatment strategies are normally driven by the type
and extent of the injury, the type of infusate and by the
time-interval between injury identification and subsequent intervention. Although treatment options are
many and varied there is no consensus on the best approach to management, with guidelines sometimes offering conflicting recommendations. [7–9] This is likely a
result of the limited research evidence available, particularly in newborns and infants. Consequently, it is unsurprising that policies seem to be largely based on
historical practice within hospitals or expert opinion, rather than on published guidelines. [10] This study aimed
to begin the process of resolving the uncertainty surrounding which treatments may be best for treating extravasation injuries in infants and young children. This
was done by undertaking both a systematic scoping review and an NHS survey of current practice and
opinions.
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Methods
Scoping review

A scoping review was undertaken to determine which treatments appear likely to be the most promising for future
study. The review was based on the framework proposed in
key scoping review methodology papers. [11–13] In February 2017, the following databases were searched to identify
published and unpublished studies in any language: MEDLINE, British Nursing Index (BNI), Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Database of
Systematic Reviews (CDSR), Cumulative Index to Nursing
& Allied Health (CINAHL Plus), Database of Abstracts of
Reviews of Effects (DARE), EMBASE, EMCARE, Proquest
Dissertations & Theses: UK & Ireland, Conference Proceedings Citation Index: Science, Health Technology Assessment
(HTA) Database, Maternity and Infant Care (MIC), PubMed
and Science Citation Index. We also searched three clinical
trial registries for ongoing studies: ClinicalTrials.gov, EU
Clinical Trials Register, and the WHO International Clinical
Trials Registry Platform portal. An example search strategy
(for MEDLINE) is presented in Additional file 1.
Eligible studies were of children (aged < 18 years) with an
extravasation injury of the skin, subcutaneous tissue or
muscle tissue, associated with central or peripheral intravenous access. Any interventions or comparators were eligible.
The outcomes of interest were: wound healing time, scarring, infection, pain, contractures, functional impairment,
disfigurement, requirement for surgery, mortality, and anaphylactic reactions to extravasation treatments. Any study
design was eligible. We included any identified reviews
(which had a focus on treatments) and guidelines to provide
the basis for an overview of the evidence for extravasation
treatments more broadly, i.e. studies of adults, since it was
possible that some of this evidence might have been more
methodologically robust than the studies in children.
Two reviewers independently assessed titles and abstracts
for eligibility. The full texts of potentially relevant titles and
abstracts were sought and assessed independently by two reviewers, with disagreements resolved through discussion or
via a third reviewer. Piloted data extraction forms for comparative studies, non-comparative studies and case reports
were used to record details of study methods, population
characteristics (such as age, type of infusate, and injury severity), interventions (type, number and frequency of treatments), comparators, outcome measures, and results. Any
recommendations for future research which were relevant
to the aims of this scoping review were also extracted. Data
were extracted by one researcher and checked by another.
Studies were synthesised, and summarised narratively.
Survey

An NHS survey was undertaken to inform on which
treatment approaches are currently used and to elicit
opinions regarding which interventions are most worthy
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of future research. A systematic approach was used to
develop the questionnaire content, informed mainly by
initial findings from the scoping review and peer-to-peer
consultation of clinicians. The questionnaire was designed and distributed using Qualtrics software. It was
piloted among colleagues at neonatal and paediatric
units in York, Bradford and Leeds and distributed to
NHS staff at neonatal units, paediatric intensive care
units (PICUs) and principal oncology/haematology units
nationwide. The questionnaire is presented in the
Additional file 2.

Results
Scoping review

From the database searches 3830 records were identified for title and abstract screening, from which 289
records were selected as being of interest. After
screening full papers we included 26 group studies,
six guidelines, three reviews and 106 case report studies (Fig. 1). Case report details and references are
available in Additional file 3.
Of the 26 included group studies only two were comparative (neither were randomised studies) and both had
limitations. [9, 14] One was an old quasi-randomised
study of treatments which are now not commonly used
(silver sulfadiazine cream and povidone-iodine ointment). [14] It included 34 patients with quite severe
wounds where the extravasation injuries may not have
been identified for quite some time. The other study was
not primarily designed to evaluate treatment effectiveness. Although it did endeavour to determine if hyaluronidase treatment resulted in less harm than no
hyaluronidase treatment, the before-and-after design,
lack of population details, and lack of details on interventions given to the no hyaluronidase group, mean the
study’s ‘harm score’ result should not be regarded as a
reliable estimate of hyaluronidase effectiveness. [9] Full
details and results of both studies are in the
Additional file 4.
Although many types of extravasation injury treatments
have been studied in the 24 non-comparative studies
which were included, the limitations inherent in these
studies make it very difficult to compare results across
treatments; details and results of the non-comparative
studies are presented in Additional file 4. Some results are
likely to have been subject to chance effects or biases because most studies were very small and were retrospective
in design: 17 of the 24 studies had sample sizes of less
than 20, and only three studies were reported as having a
prospective design. Furthermore, there was considerable
clinical heterogeneity across study populations in factors
such as age, types of infusate, injury severity, location of
injury, and time between injury and treatment. Differences
in results across studies might be a reflection of variation
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in one or more of these parameters, rather than differences in treatment effectiveness. Although data on injury
severity grading could have helped with interpreting the
importance of these issues, few studies reported such data
(only 3 of the group studies). The results sections for most
studies were very brief and reported limited results data.
Moreover, the reported outcomes often related to
short-term time points. No studies reported pain as an
outcome and few studies quantified outcomes – e.g. using
measures of scarring, such as scar scores. Only one study
reported on whether or not interventions resulted in adverse effects. [15]
Some of the better evidence (in terms of study size
and use of a prospective design) related to studies of saline flush-out techniques, which appear to be quite
promising treatments. The effect of prior infiltration
with hyaluronidase before wash-out is unclear though.
Neonates were the most frequently studied population, being evaluated in around half the noncomparative studies. Sung & Lee suggested that the
use of flush-out methods in neonates may be too invasive to perform and therefore proposed a middle
ground between conservative management and flushout: puncture points and hydrocolloid dressing. [16]
However, although two of the 12 (mostly) pre-term
neonates in this South Korean study presented with
necrotic lesions, nine eventually progressed to full
thickness open wounds. Besides, two group studies
have reported results for flush-out treatments used in
neonates. [3, 17] One of them was prospectively performed in a UK neonatal unit, but was published only
as a letter and so only described the population as
‘neonates’ along with very basic result details. [17]
The other study was conducted in a Greek neonatal
intensive care unit in mostly very pre-term or late
pre-term neonates with quite severe (stage III or IV)
extravasation injuries. [3] This study reported impressive results with 21 of 34 neonates showing no signs
of soft tissue damage 24 h after treatment, and only
minor findings - blistering and epidermolysis - still
present in seven neonates in the following few days.
These results might therefore suggest that flush-out
may be more worthy of further study than the middle
ground of puncture (without flush-out) and dressing.
However, this is merely a suggestion, as although
both the studies were of parenteral nutrition extravasations in neonates they differed in an important way:
in the Greek study the neonates were treated within
10–30 min of injury compared with between 1 and
10 h in the South Korean study.
All three of the identified reviews concurred that although immediate treatment is needed for the best
outcomes, there is no consensus regarding which treatments constitute best practice. [7, 18, 19] They all
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Fig. 1 Flow chart showing the number of studies identified and eligible for scoping review inclusion

mentioned saline washout with or without hyaluronidase
as a frequently studied treatment but no review could
make conclusive statements on its effectiveness compared to other treatments due to the limited quality of
evidence. Seven published guidelines were identified. [2,
8, 20–24] Only one focussed specifically on a paediatric
population. [22] Their recommendations were often
conflicting on treatments, including saline washout, [2,
23] specific antidotes [2, 22] and conservative management. For example, the saline flush-out treatment, as
originally proposed by Gault [25] has been described as
very effective and to be recommended, [7] as having
achieved good results, [23] as potentially effective but
lacking in evidence [8] and as not to be recommended
as routine management. [2] They did report similar findings on hyaluronidase (as being effective) and corticosteroids (as being ineffective).

Survey

Sixty-three questionnaires were received from 56 different hospitals; 71% were from neonatal units, 21% were
from principal oncology/haematology units and 8% were
from PICUs. Forty-eight (76%) questionnaires were received from units in England, six (10%) from Scotland,
five (8%) from Northern Ireland and two (3%) from
Wales; two (3%) responses were received from units in
North America. Most responders were either consultant
neonatologists (48%), nursing staff (16%) or consultant
paediatricians (13%). Of 57 responding units, 82% said
they had a written protocol or guideline for treating extravasation injuries, although a staging system for grading injury severity was included in only around a third
of protocols or guidelines. Almost all responders indicated that peripheral lines were the access site most associated with extravasation injuries. In neonatal units
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parenteral nutrition was the cause of the largest proportion of extravasation injuries. In principal oncology/
haematology units the largest proportion of injuries was
due to vesicant chemotherapies.
The most frequently used intervention approaches
were elevation of the affected area and analgesics (see
Additional file 5). In most units warm or cold compresses were rarely or never used. In neonatal units
there was notable variation regarding the use of occlusive dressings, ranging from always being used (8% of responses) to never being used (31%). Variation in the use
of saline flush-out, either with or without hyaluronidase,
was also evident; these interventions seem to be either
usually or sometimes used in around half of neonatal
units, though never used in around a third of units. Results for principal oncology/haematology units and
PICUs were broadly similar to the neonatal unit results.
When asked about a future research study, 65% of the
57 responders thought a randomised controlled trial
(RCT) might be viable, 21% did not think an RCT was
viable and 14% did not know. However, the results varied by setting: the proportion thinking an RCT was viable was 83% of the 40 neonatal unit responses, 33% of
the 12 principal oncology/haematology unit responses
and 0% of PICUs. Almost all the responders who
thought a RCT was viable mentioned one or more of
the following types of treatment when asked which
treatments they would most like to see studied: saline
irrigation/wash-out, hyaluronidase and conservative
management. Of those who thought an RCT was not
viable various reasons were provided including the
presence of too many variables which could affect
outcomes, timeliness of treatment when using randomisation, low numbers of patients, and unwillingness to deviate from current practice. Tables of
survey results are presented in the Additional file 5.

Discussion
Our systematic scoping review identified studies which,
together, covered a wide range of treatments for extravasation injuries. However, in considering the study
methods and designs used, small sample sizes, and the
variation across population and intervention characteristics, the quality of evidence overall was very low. Consequently, there is uncertainty about which treatments are
most promising. Notwithstanding the evidence limitations, the results of studies of flush-out techniques suggested that these treatments may be worthy of further
research. This finding was echoed in the NHS survey results, with flush-out techniques, hyaluronidase and conservative management approaches frequently suggested
as being treatments where further study would seem
most worthwhile. Our survey results were similar to
those from previous surveys - conducted in the USA
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[26] Australia and New Zealand [27] and Britain [28] in demonstrating a lack of consensus on the best course
of treatment for extravasation injuries. The main limitation of our study related to the scoping review evidence
identified - most studies were very limited in helping to
evaluate relative treatment efficacy.
In planning a future comparative study of extravasation injury treatments, population heterogeneity, low injury rates and sporadic incidence are key issues. In light
of this, the most viable population for any randomised
trial may be preterm neonates receiving IV parenteral
nutrition at a peripheral site, although this treatment approach is quite rare, and is not usually recommended. A
paucity of standardised relevant outcome measures used
in previous studies in neonates is also a concern. Outcome measures used in a future study would ideally
need to be clinically practicable but also be able to demonstrate adequate reliability and validity. Although a
conventional parallel-group randomised controlled trial
might seem the ideal design to use in a future study, it is
likely to be difficult to overcome the following issues:
avoiding treatment delays, selection bias and the recruitment of adequate numbers of participants. Since extravasation injuries require urgent treatment any delay
due to recruitment and randomisation processes might
be difficult to justify. A frequently used method of randomisation is sequentially numbered, opaque, sealed envelopes containing randomly generated treatment
allocations. Adoption of this method might minimise
treatment delays, but this approach has been demonstrated to be prone to investigator selection bias. [29]
Extravasation injuries are quite rare events which are
also subject to variation, particularly in terms of patients
(ages, comorbidities), causes (infusates), injury sites and
severities, and the speed at which injuries are detected
and treated. Consequently, careful consideration would
be needed when devising trial eligibility criteria to enable
the recruitment of both a sufficiently homogeneous sample of participants and a sample which would be large
enough to minimise the impact of chance differences
across treatment groups in any of these factors. Failure
to do so would increase the risk of false-positive trial results; small trials are more prone to yielding chance results than larger trials.
Alternatives to conventional RCT designs should
therefore be considered. Although a prospective, observational database study would maximise the number of
patients recruited, and eliminate concerns about treatment delays, its results would inherently be subject to
uncertainty due to the likelihood of selection bias.
Nevertheless, a randomised registry trial design could be
used which incorporates many of the best aspects of
both conventional RCTs and observational database
studies. [30] Issues (highlighted by our survey results)
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which should be considered in any randomised registry
trial of neonates include the lack of a protocol or guideline for treating extravasation injuries in some units, and
the absence of the use of a system for grading injury severity in many units which do have access to a protocol
or guideline. There may also be variation in the injury
severity grading systems used; it has been argued that
the Millam guidelines are not appropriate in paediatric
populations [5, 6] with alternatives proposing the inclusion of assessment of the number of joints involved [5]
or the percentage of the limb affected. [6]

Conclusions
Studies of treatments for extravasation injuries in babies
and children are mostly very small, lack comparator
groups, and are varied in terms of patient, intervention
and outcome characteristics. Consequently, there is uncertainty about which treatments are most promising.
However, the results of studies of flush-out techniques
suggest that these treatments may be worthy of further
research. NHS survey results echoed this finding with
hyaluronidase and conservative management frequently
also suggested as being treatments where further study
would be most worthwhile. Nevertheless, some of the
practicalities involved in undertaking a conventional randomised controlled trial - such as recruiting adequate
numbers, avoiding treatment delays and selection bias could be difficult to overcome. An alternative design is
the randomised registry trial, which incorporates many
of the best aspects of both conventional RCTs and observational database studies.
Additional Files
Additional file 1: Search strategy for MEDLINE (DOCX 13 kb)
Additional file 2: Survey questionnaire content and logic (DOCX 17 kb)
Additional file 3: Case report study details (DOCX 152 kb)
Additional file 4: Comparative study and non-comparative group study
details (DOCX 75 kb)
Additional file 5: Survey result details (DOCX 43 kb)
Abbreviations
CRD: Centre for Reviews and Dissemination; IV: intravenous; NHS: National
Health Service; PICU: Paediatric intensive care unit; RCT: Randomised
controlled trial
Acknowledgements
We thank both Georgina Mackenzie and Claire Khouja from CRD for
obtaining papers from the British library, and Claire Khouja for checking the
data extracted for case reports. We thank Nigel Davies from the British
Association of Perinatal Medicine for distributing the survey link in an
emailed newsletter. We thank Alexis Llewellyn and Kristina Dietz from CRD
for translating papers published in French and German.
Funding
This project was funded by the NIHR HTA Programme as project number 15/
175/02 and has been published in full in the NIHR HTA Journal: Corbett M,
Marshall D, Harden M, Oddie S, Phillips R, McGuire W. Treatment of

Page 6 of 7

extravasation injuries in infants and young children: a scoping review and
survey. Health Technol Assess 2018;22(46).
Availability of data and materials
The datasets used and/or analysed during the current study will be available
in the related NIHR Journals Library full publication and are also available
from the corresponding author on reasonable request.
Authors’ contributions
MC led on designing and undertaking the scoping review and survey. MH
conducted a range of searches to locate scoping review studies. MC and DM
screened scoping review studies and extracted and checked data. All authors
contributed to the intellectual content, reviewed the manuscript and
approved the final version.
Ethical approval and consent
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 26 March 2018 Accepted: 28 December 2018

References
1. Corbett M, Marshall D, Harden M, Oddie S, Phillips R, McGuire W. Treatment
of extravasation injuries in infants and young children: a scoping review
and survey. Health Technol Assess. 2018;22:1–112.
2. Perez Fidalgo JA, Fabregat G, Cervantes A, Margulies A, Vidall C, Roila F, et
al. Management of chemotherapy extravasation: ESMO–EONS clinical
practice guidelines. Ann Oncol. 2012;23(Suppl 7):vii167–73.
3. Kostogloudis N, Demiri E, Tsimponis A, Dionyssiou D, Ioannidis S,
Chatziioannidis I, et al. Severe extravasation injuries in neonates: a report of
34 cases. Pediatr Dermatol. 2015;32:830–5.
4. Millam DA. Managing complications of i.v. therapy (continuing education
credit). Nursing (Lond). 1988;18:34–43.
5. Amjad I, Murphy T, Nylander-Housholder L, Ranft A. A new approach to
management of intravenous infiltration in pediatric patients:
pathophysiology, classification, and treatment. J Infus Nurs. 2011;34:242–9.
6. Simona R. A pediatric peripheral intravenous infiltration assessment tool. J
Infus Nurs. 2012;35:243–8.
7. Clifton-Koeppel R. Wound care after peripheral intravenous extravasation:
what is the evidence? Newborn Infant Nurs Rev. 2006;6:202–11.
8. Bellin MF, Jakobsen JA, Tomassin I, Thomsen HS, Morcos SK, Thomsen HS, et
al. Contrast medium extravasation injury: guidelines for prevention and
management. Eur Radiol. 2002;12:2807–12.
9. Hanrahan K. Hyaluronidase for treatment of intravenous extravasations:
implementation of an evidence-based guideline in a pediatric population. J
Spec Pediatr Nurs. 2013;18:253–62.
10. Harrold K, Gould D, Drey N. The efficacy of saline washout technique in the
management of exfoliant and vesicant chemotherapy extravasation: a
historical case series report. Eur J Cancer Care. 2013;22:169–78.
11. Arksey H, O'Malley L. Scoping studies: towards a methodological framework.
Int J Soc Res Methodol. 2005;8:19–32.
12. Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the
methodology. Implement Sci. 2010;5:69.
13. Daudt HML, van Mossel C, Scott SJ. Enhancing the scoping study
methodology: a large, inter-professional team's experience with Arksy and
O'Malley's framework. BMC Med Res Methodol. 2013;13:48.
14. Brown AS, Hoelzer DJ, Piercy SA. Skin necrosis from extravasation of
intravenous fluids in children. Plast Reconstr Surg. 1979;64:145–50.
15. Yan YM, Fan QL, Li AQ, Chen JL, Dong FF, Gong M. Treatment of cutaneous
injuries of neonates induced by drug extravasation with hyaluronidase and
hirudoid. Iran J Pediatr. 2014;24:352–8.

Corbett et al. BMC Pediatrics

(2019) 19:6

16. Sung KY, Lee SY. Nonoperative management of extravasation injuries
associated with neonatal parenteral nutrition using multiple punctures and
a hydrocolloid dressing. Wounds. 2016;28:145–51.
17. Harris PA, Bradley S, Moss AL. Limiting the damage of iatrogenic
extravasation injury in neonates. Plast Reconstr Surg. 2001;107:893–4.
18. Gopalakrishnan PN, Goel N, Banerjee S. Saline irrigation for the
management of skin extravasation injury in neonates. Cochrane Database
Syst Rev. 2012;2:CD008404.
19. Harrold K, Gould D, Drey N. The management of cytotoxic chemotherapy
extravasation: a systematic review of the literature to evaluate the evidence
underpinning contemporary practice. Eur J Cancer Care. 2015;24:771–800.
20. Phillips A. Peripheral intravenous (PIV) catheter extravasation wound care
guidelines. J Pediatr Nurs. 2011;26:e21.
21. Timmons J. Peripheral intravenous catheter extravasation wound care
guidelines. J Pediatr Nurs. 2011;26:e7.
22. Flemmer L. Chan JS. A pediatric protocol for management of extravasation
injuries. Pediatr Nurs. 1993;19:355–8.
23. Extravasation and infiltration [https://www.gosh.nhs.uk/health-professionals/
clinical-guidelines/extravasation-and-infiltration]. Accessed 3 Feb 2017.
24. Boulanger J, Ducharme A, Dufour A, Fortier S, Almanric K. Management
of the extravasation of anti-neoplastic agents. Support Care Cancer.
2015;23:1459–71.
25. Gault DT. Extravasation injuries. Br J Plast Surg. 1993;46:91–6.
26. Pettit J, Hughes K. Neonatal intravenous therapy practices. J Vascular Access
Devices. 1999;4:7–16.
27. Restieaux M, Maw A, Broadbent R, Jackson P, Barker D, Wheeler B. Neonatal
extravasation injury: prevention and management in Australia and New
Zealand - a survey of current practice. BMC Pediatr. 2013;13:34.
28. Wilkins CE, Emmerson AJ. Extravasation injuries on regional neonatal units.
Arch Dis Child Fetal Neonatal Ed. 2004;89:F274–5.
29. Clark L, Fairhurst C, Torgerson DJ. Allocation concealment in randomised
controlled trials: are we getting better? BMJ. 2016;355:i5663.
30. Mathes T, Buehn S, Prengel P, Pieper D. Registry-based randomized
controlled trials merged the strength ofrandomized controlled trails and
observational studies and give risetomore pragmatic trials. J Clin Epidemiol.
2018;93:120–7.

Page 7 of 7

