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Abstract
Background: Pediatric critical care developed rapidly as a medical subspecialty over the three decades
since 1987, concurrent with a decline in Pediatric ICU mortality rates. It would be interesting to know if
research characterized as observation studies or therapeutic trials had a greater impact on this
subspecialty during this time. Methods: Three journals with a broad range of impact factors which
published pediatric critical care research between 1988 and 2017 were chosen for a systematic review,
including a PubMed search for all pediatric critical care studies in these journals during the study
period. Studies were characterized as either observation studies or therapeutic trials. Each study’s impact
was assessed using citation counts collected from Google Scholar. 

Results: Therapeutic trials as a percentage of research studies increased with a journal’s impact factor; in
addition, therapeutic trials were cited more frequently than observation studies. However, there were more
observation studies than therapeutic trials, the citation count increased for both observation studies and
therapeutic trials as a journal’s impact factor increased, and the citation count was similar for some or all
observation studies and therapeutic trials in two of the study journals. The 10 most cited studies included
7 observation studies and 3 therapeutic trials.   

Conclusions: This systematic review of three journals suggests that both observation studies and
therapeutic trials contributed to the impact of research in pediatric critical care during the three decades
following 1987.

Background
The development of pediatric critical care as a medical subspecialty acquired momentum in the 1980’s,
including the �rst major textbook and the �rst subspecialty board examination for physicians, both in
1987. In the three decades since, the Pediatric ICU (PICU) mortality rate has progressively declined[1–3];
the impact of research in pediatric critical care on that decline is unknown. Randomized controlled trials
(RCTs) have been considered superior to observation studies in the evaluation of medical therapies[4],
and over several decades RCTs have increased in frequency in some journals with high impact factors[5].
It would be interesting to know if observation studies or therapeutic trials- including RCTs- had more of an
impact on this subspecialty during these three decades, prompting this systematic review.

Three journals which represent important forums for pediatric critical care research were selected for this
systematic review; their impact factors span a broad range. Citation counts have been used to assess the
impact of medical research[6]; they were reviewed for all observation studies and therapeutic trials
identi�ed in these three journals during the study period.

Methods
The New England Journal of Medicine (N Engl J Med), the American Journal of Respiratory and Critical
Care Medicine (Am J Resp Crit Care Med), and Pediatric Critical Care Medicine (Pediatr Crit Care Med)
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published pediatric critical care research during at least some of the study period (1988 to 2017), and
were selected for review as their impact factors span a broad range. The American Review of Respiratory
Diseases (Am Rev Respir Dis) was renamed in 1994 as the American Journal of Respiratory and Critical
Care Medicine (Am J Resp Crit Care Med); both journal titles were searched, and results included for both
journals as Am J Resp Crit Care Med. Pediatr Crit Care Med did not begin publication until 2000; it is
included as it was the �rst peer-reviewed journal to focus exclusively on pediatric critical care, and it has
been an important forum for research in this �eld. The impact factors for 2017 were collected from
Journal Citation Reports from Clarivate Analytics (www.clarivate.com).

A MEDLINE/PubMed search limited to human studies and using the terms “pediatric critical care” or
“pediatric intensive care” with each journal abbreviation during the study period was performed in May
and June, 2019. Studies for inclusion were those characterized as either a therapeutic trial (in which a
novel therapy or intervention is compared to a standard, either current or historical, not limited to
prospective or randomized or blinded studies) or an observation study (in which a novel observation of
physiology, a disease, or its therapy is presented). Therapeutic trials with a negative result included those
which failed to show a bene�t to a novel therapy or intervention. RCTs were always characterized as
therapeutic trials (and included those in which the patient served as his/her own control), while case
reports (up to 3 patients per report; case records or discussions were considered case reports only if they
satis�ed criteria for observation studies) were always characterized as observation studies. Other study
types- including cohort, case-control, cross-sectional studies, and case series (including more than 3
patients)- all required a review of the published study to determine if the primary goal of the study was to
report a comparison consistent with a therapeutic trial or instead satis�ed criteria for an observation
study. A reanalysis of a previously published study was always characterized as an observation study.
Studies exclusively in a NICU or adult ICU or on a pediatric ward, or focused exclusively on neonates or
adults in a PICU, were excluded, as were editorials, letters to the editor, quality improvement studies,
reviews, simulation studies, training materials, and surveys.

Google Scholar (www.scholar.google.com) is a freely accessible web search engine, and was used to
determine citation counts on the Google Scholar database in May and June, 2019.

Statistical methods:

Data are presented as medians; 95% con�dence intervals are included in the �gures. Statistical testing
was performed using nonparametric methods whenever possible. Continuous variables were compared
using Mann-Whitney tests. Dichotomous variables were compared using Fisher’s exact or Chi-square
tests, or Chi-square tests for trend as appropriate. Correlations were analyzed by Spearman or Kruskal-
Wallis tests, as appropriate. Statistical tests were two-sided, with signi�cance set at p < 0.05. All
calculations were obtained using Prism 8 for MacOS (GraphPad Software, Inc; San Diego, CA).

Results
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2482 records for possible inclusion in this review were identi�ed from the PubMed search, and 1113 of
these records satis�ed criteria for either observation studies or therapeutic trials (Fig. 1). A PubMed
search using Pediatr Crit Care Med did not yield any results prior to 2003, so the PubMed search for this
journal included 2003 to 2017 only; the table of contents for each issue of this journal from 2000 to 2002
was then reviewed to identify studies which also satis�ed inclusion criteria: 90 studies were identi�ed,
yielding a total of 1203 studies from the three journals during the study period.

From this total, there were more observation studies than therapeutic trials (1092 vs 111, 91 vs 9% of
studies; Table I). Case reports made up 15% (162 of 1092) of all observation studies, while RCTs made up
48% (53 of 111) of all therapeutic trials. All therapeutic trials were RCTs in N Engl J Med and Am J Resp
Crit Care Med, but only 39% (37 of 95) of therapeutic trials were RCTs in Pediatr Crit Care Med. Negative
results of therapeutic trials were noted in 31% (34 of 111), and this was similar across journals (N Engl J
Med combined with Am J Resp Crit Care Med vs Pediatr Crit Care Med: 7 of 16 vs 27 of 95; p = 0.22).
Therapeutic trials as a percentage of total studies (observation studies and therapeutic trials) in a journal
increased with that journal’s impact factor (p < 0.0001; Table I).

Observation studies were cited less than therapeutic trials (medians: 21 vs 36; p < 0.0001; Fig. 2A), and
case reports were cited less than other observation studies (medians: 15 vs 22; p < 0.0001). RCTs were
cited more than other therapeutic trials (medians: 59 vs 26; p = 0.003). Negative therapeutic trials were
cited as often as positive therapeutic trials (medians: 30 vs 36; p = 0.42); the difference was not quite
signi�cant when negative therapeutic trials were compared to observation studies (medians: 30 vs 21; p 
= 0.05).

The citation count for observation studies differed across journals (p < 0.0001; Fig. 2B), and increased
with a journal’s impact factor: observation studies in N Engl J Med were cited more than observation
studies in Am J Resp Crit Care Med (medians: 261 vs 78; p = 0.004), and observation studies in Am J
Resp Crit Care Med were cited more than observation studies in Pediatr Crit Care Med (medians: 78 vs 20;
p < 0.0001). The citation count for therapeutic trials also differed across journals (p < 0.0001; Fig. 2C):
therapeutic trials in N Engl J Med and Am J Resp Crit Care Med were cited more than therapeutic trials in
Pediatr Crit Care Med (N Engl J Med and Am J Resp Crit Care Med vs Pediatr Crit Care Med medians: 145
vs 27; p < 0.0001).

Observation studies in N Engl J Med had a similar median citation count compared to therapeutic trials in
N Engl J Med (medians: 261 vs 155; p = 0.41), while observation studies in Am J Resp Crit Care Med or
Pediatr Crit Care Med were cited less than therapeutic trials in each journal (Am J Resp Crit Care Med
medians: 78 vs 124; p = 0.04; Pediatr Crit Care Med medians: 20 vs 27; p = 0.008). However, when case
reports were excluded, the citation count was similar in Am J Resp Crit Care Med for observation studies
compared to therapeutic trials (medians: 93 vs 124; p = 0.07).

The 10 studies with the greatest impact included 7 observation studies[7–13] and 3 therapeutic trials[14–
16]. These studies were each cited between 470 to 883 times.
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Discussion
Using a de�nition of observation studies which excluded studies comparing therapeutic outcomes, this
systematic review of pediatric critical care research suggests that both observation studies and
therapeutic trials contributed to the impact of this research during the study period. In summary:

1.
The percentage of therapeutic trials increased with a journal’s impact factor, and all therapeutic trials
were RCTs in the 2 journals with the highest impact factors. Therapeutic trials were also cited more
frequently than observation studies, and RCTs were cited more than other therapeutic trials. Therapeutic
trials- and RCTs in particular- thus appeared to contribute more than observation studies to a journal’s
impact, suggesting a hierarchy of research study designs, with RCTs near the apex.
2.
However, there were more observation studies overall, and the citation count increased for both
observation studies and therapeutic trials as a journal’s impact factor increased. In addition, several
observation studies were among the most cited studies overall. Moreover, the citation count was similar
for some or all observation studies and therapeutic trials in the 2 journals with the highest impact factors,
suggesting a similar contribution of observation studies compared to therapeutic trials in these journals;
this is inconsistent with a hierarchy of research study designs. A “halo” effect[17], in which a journal’s
impact factor contributes to a study’s citation count independent of research study design, could explain
these �ndings.

Limitations to the data generated in this systematic review include the arbitrary de�nitions used to
categorize studies: observation studies have previously included (by de�nition) non-RCT therapeutic
trials[18, 19]. The separation of observation studies from therapeutic trials in this review helped reveal the
impact of observation studies not focused on speci�c medical therapies. An additional limitation is that
the impact of research not characterized as an observation study or a therapeutic trial (e.g., letters to the
editor, quality improvement studies, reviews, simulation studies, training materials, and surveys; also:
animal or laboratory studies, or pediatric critical care studies performed in a non-PICU setting) was not
assessed. Finally, the quality of medical research is only indirectly related to its impact[20], and accepted
metrics for quality assessment of medical research are not yet available: no assessment of the quality of
observation studies or therapeutic trials was made in this review.

In a defense of case reports in critical care, Mark Helfaer wrote: “We are left with the two sets of tools of
medical knowledge: the clinical trials and the observational reports. It is up to the clinicians to be able to
meld these two sets of tools so that our patients can bene�t from the science and the powers of
observation[21].” After three decades of research in pediatric critical care, declining PICU mortality rates
suggest that our patients have indeed bene�tted from both the science and the powers of observation.

Conclusions
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This systematic review of three journals with a broad range of impact factors suggests that both
observation studies and therapeutic trials contributed to the impact of research in pediatric critical care
during the three decades following 1987.
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Table 1

Table I: Pediatric critical care observation studies and therapeutic trials in 3 journals over 3 decades.
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  Total number of
observation studies
(number of case
reports)

Total number of
therapeutic trials
(number of
RCTs)

Therapeutic
trials/therapeutic
trials + observation
studies, %

2017
impact
factor

New England Journal of Medicine

 

4 (0) 11 (11) 73 72

American Review of Respiratory
Diseases/ American Journal of
Respiratory and Critical Care
Medicine

 

39 (4) 5 (5) 11 15

Pediatric Critical Care Medicine 1049 (158) 95 (37) 8 3

 

 

 

Figures

Figure 1
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Flowchart of study selection for systematic review. *: see text in Results.

Figure 2

Figure 2A: Citation counts for pediatric critical care observation studies vs therapeutic trials in 3 journals
over 3 decades (medians with 95% con�dence intervals). Figure 2B: Citation counts for pediatric critical
care observation studies in 3 journals over 3 decades (medians with 95% con�dence intervals). Figure 2C:
Citation counts for pediatric critical care therapeutic trials in 3 journals over 3 decades (medians with 95%
con�dence intervals).
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