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FEATURE

Comparison of Effects in Randomized Controlled Trials
With Observational Studies in Digestive Surgery

Satoru Shikata, MD,*} Takeo Nakayama, MD, PhD,} Yoshinori Noguchi, MD, MPH,§
Yoshinori Taji, MD,} and Hisakazu Yamagishi, MD, PhD*

Objectives: To compare the results of randomized controlled trials
versus observational studies in meta-analyses of digestive surgical
topics.

Summary Background Data: While randomized controlled trials
have been recognized as providing the highest standard of evidence,
claims have been made that observational studies may overestimate
treatment benefits. This debate has recently been renewed, particu-
larly with regard to pharmacotherapies.

Methods: The PubMed (1966 to April 2004), EMBASE (1986 to
April 2004) and Cochrane databases (Issue 2, 2004) were searched
to identify meta-analyses of randomized controlled trials in digestive
surgery. Fifty-two outcomes of 18 topics were identified from 276
original articles (96 randomized trials, 180 observational studies)
and included in meta-analyses. All available binary data and study
characteristics were extracted and combined separately for random-
ized and observational studies. In each selected digestive surgical
topic, summary odds ratios or relative risks from randomized con-
trolled trials were compared with observational studies using an
equivalent calculation method.

Results: Significant between-study heterogeneity was seen more
often among observational studies (5 of 12 topics) than among
randomized trials (1 of 9 topics). In 4 of the 16 primary outcomes
compared (10 of 52 total outcomes), summary estimates of treatment
effects showed significant discrepancies between the two designs.
Conclusions: One fourth of observational studies gave different
results than randomized trials, and between-study heterogeneity was
more common in observational studies in the field of digestive
surgery.

(Ann Surg 2006;244: 668—-676)
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e first randomized controlled trial in medicine was an
investigation of streptomycin in 1948.! Since then, random-
ized controlled trials have been widely recognized as offering
the gold standard for evaluating treatment efficacy and effec-
tiveness and are classified as providing the highest grade of
evidence in the hierarchy of research designs.”

Evaluations in the 1970s and 1980s suggested that
observational studies may spuriously overestimate treatinent
benefits, yielding misleading conclusions.®® In recent years,
this debate has resurfaced. Some reports have suggested that
for selected medical topics, both randomized and observa-
tional studies, may yield very similar results.”® Conversely,
opposing results have been reported from a large number of
diverse medical topics.® Although these previous studies have
contained some surgical topics, most have assessed topics
involving pharmacotherapies. However, pharmacologic and
surgical therapies differ in clinical nature, and results for
pharmacologic investigations may therefore not apply to
surgical fields.

This issue warrants investigation with a focus on the
surgical area, and no previous studies appear to have under-
taken an exhaustive assessment of a single clinical field. The
present study investigated digestive surgery, allowing a sys-
tematic search and evaluation.

This systematic and exhaustive search of a large num-
ber of diverse articles on digestive surgery seeks to answer
the following question: Do observational studies in digestive
surgery tend to produce the same results as randomized
controlled trials?

METHODS

Search for Meta-Analyses of Randomized
Controlled Trials and Selection of Topics
Meta-analyses of randomized controlled trials in digestive
surgery that had been published up to April 2004 were selected
as topics in this study. Retrieved articles were judged suitable for
use as topics only if all the following criteria were met: 1)
meta-analysis of randomized controlled trials; 2) investigating
digestive surgery; 3) assessing the treatment effects of at least
one operative intervention versus any other intervention (oper-
ative or nonoperative); and 4) subjects were human. Searches
were not limited to English language articles (any language).
Studies were excluded if the main purpose was not evaluation of
treatment effect, such as diagnosis. A literature search was
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performed using the PubMed (1966 to April 2004), EMBASE
(1986 to April 2004) and Cochrane Library (Issue 2, 2004)
databases. A computer-assisted search was conducted using the
following combination of Medical Subject Heading Terms and
text words: “surgical procedures, operative,” “digestive system
surgical procedures,” “randomized,” “random,” “meta-analy-
sis,” and “review.” A manual search was also performed using
references from the retrieved review articles.

Search for Observational Studies for
Meta-Analysis

If meta-analyses of both randomized and observational
studies had been performed on the same topic in each selected
review article, the results could be used for comparison.
However, if meta-analysis of observational studies had not
been performed, we attempted to perform that by ourselves.
Thus, when a meta-analysis of observational studies could
not be identified in the selected review article, we needed to
search for such meta-analyses while gathering observational
studies under the following process.

For meta-analyses of observational studies, we first
searched observational studies for all selected topics. In each
topic, the same inclusion criteria used for meta-analysis of
randomized controlled trials were used, with the exception of
study design. Observational study designs were used if they
could be categorized as prospective nonrandomized studies,
retrospective cohort studies, case-control studies, case series
with control groups, or other unspecified designs (provided a
control group was used). A literature search was performed
using the PubMed (1966 to April 2004), EMBASE (1986 to
April 2004) and Cochrane Library (Issue 2, 2004) databases.
PubMed contains no search term for observational studies, so
a text-word strategy was used to search for “observational,”
“nonrandomized,” “case series,” “case control study,” “co-
hort,” “retrospective,” and “prospective.” In addition, a man-
ual search was performed using references from the retrieved
review articles. We also attempted to contact as many experts
from the review articles as possible.

Data Extraction and Selection of Outcomes

All available binary data were extracted from the out-
comes of the gathered observational studies. Data extraction
was performed after translation of the article into English if
the article had not been written in English or Japanese. Up to
this point, 2 authors (S.S., T.N.) undertook the literature
searches and data extraction independently, and disagree-
ments were resolved by consensus.

For final inclusion of a topic in the present evaluation,
binary data for the same outcome had to be available from at
least one randomized trial and at least one observational
study. When primary outcomes had been defined in the
review article, these were used for the main comparison.
Whenever the primary outcome was unclear, the outcome
that was considered a priori as the most clinically important
was selected, using consensus among the data extractors. In
digestive surgery, mortality was generally given priority in
clinical importance over other outcomes.

© 2006 Lippincott Williams & Wilkins

Statistical Analysis

For all selected topics, data from observational studies
were combined. Generally, the fixed-effects model weighted
by Peto’s odds ratio method or the Mantel-Haenszel method
was used for data pooling, followed by a test of heterogene-
ity.1%! Heterogeneity between studies was assessed using Q
statistics.'? Given the low power of this test, a significance
level of 0.10 was used, rather than 0.05.'® If the hypothesis of
heterogeneity was accepted, the random-effects model using
the DerSimonian-Laird method was used.'* However, this
study sought to compare summary estimates of randomized
controlled trials with observational studies under equivalent
conditions to the maximum extent possible. Thus, when
performing meta-analysis of observational studies, we used
the same method that had been used in the meta-analysis of
randomized controlled trials. In this study, the quantity I* was
used for assessing heterogeneity between trials in meta-
analyses, calculated as: I* = [(Q — 4f)/Q] X 100, where Q
is the x* statistic and df is the degrees of freedom. A value
greater than 50% may be considered indicative of substantial
heterogeneity."”

Although pooled odds ratic or pooled relative risk
could be used as the indicator of summary estimates of
outcomes, the present study used the same indicator that had
been used in the meta-analysis of randomized controlled
trials. In this context, odds ratios and relative risks will
inevitably be similar in magnitude, as the rates of outcome
events are low. Relative risks were therefore considered as
odds ratios in comparisons of summary estimates. Confidence
intervals were always calculated at 95%. When one arm of an
outcome contained no events, this was considered a “zero
cell” in the 2 X 2 table. Zero cells create problems in
computing ratio measures of treatment effect. This problem
was dealt with using a common method of adding 0.5 to each
cell of the 2 X 2 table for the trial.'®

To evaluate concordance between the resuits of ran-
domized and observational studies, the following analyses
were performed: 1) assessment of the number of cases in
which the summary estimates of the observational studies
suggested an effect at least double that of the randomized
trials; and 2) evaluation of whether differences in the sum-
mary odds estimates of randomized controlled trials and
observational studies for the same topic were larger than what
would be expected by chance alone. To accomplish this, Z
scores were calculated as follows:

Z = [In(ORy¢y) — In(ORppg)] / {var[In(ORy¢p)]

+ var[In(ORgps) 1},

where In(ORpcr) is the natural logarithm of the odds ratio
or relative risk of randomized controlled trials, In{ORggg) is
the natural logarithm of the odds ratio or relative risk of ob-
servational studies, and var is variance. A Z score above 1.96
or less than —1.96 suggests a nonrandom difference between
randomized controlled trials and observational studies (0.05
level of statistical significance).!”
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All statistical analyses were performed using STATA
statistical software version 8.1 (STATA Corporation, College
Station, TX).

RESULTS

Characteristics of Topics, Observational Studies

A literature search was first performed to select meta-
analyses of randomized controlled trials for the topics, identify-
ing 1184 potentially relevant articles. The process finally iden-
tified and selected 15 meta-analyses of randomized controlled
trials for digestive surgical topics in this research (Fig. 1).”#~%!
Three of the 15 reviews contained two topics.*!~%*! Thus, 18
topics were identified for comparison of summary estimates
between randomized controlled trials and observational studies
(Table 1).

Meta-analyses of observational studies could not be
identified for 10 of the 18 topics (topics 2, 3, 8—13, 17, and
18), so additional meta-analyses were required. Meta-analy-
ses of observational studies had been identified for the re-
maining 8 topics {topics 1, 4~7, and 14-16), and the results
were used for comparisons in this study.

For meta-analyses of observational studies for the 10
topics without existing meta-analyses, a literature search was
performed and 111 observational studies were selected from
10,960 articles using the process outlined in Figure 2. Of the
111 selected articles, 17 had not been written in English or
Japanese, instead appearing in 7 different languages, and the
2 trial assessors therefore abstracted data from the articles
after translation into English by independent translators. A
total of 52 common outcomes for both randomized controlled

and observational studies were available for comparison in
this study.

Using the described processes, 52 outcomes of 18
topics were investigated in 276 original articles (96 random-
ized trials, 180 observational studies) with a total of 101,170
study patients (Table 1). The 180 observational studies com-
prised 36 prospective and 144 retrospective studies. Random-
ized and observational studies on the same topic generally
administered treatment in the same way and outcome mea-
sures were similarly defined.

Between-Study Heterogeneity

Data on between-study heterogeneity using the I* sta-
tistic were available for all 10 meta-analyses of observational
studies that we performed specifically for the present study
(topics 2, 3, 813, 17, and 18). Conversely, data had not been
described in 8 of the remaining meta-analyses that had been
reported (topics 1, 47, and 14-16). In primary outcomes of
16 topics, significant heterogeneity was noted between ran-
domized controlled trials in 1 of 9 topics (11.1%). Significant
between-study heterogeneity was identified between observa-
tional studies in 5 of 12 topics (41.7%). There was no
significant difference between the rates of heterogeneity (P =
0.18 by Fisher exact test).

Comparison of Primary Outcomes

In almost all topics, the primary outcome defined in the
review or decided by author consensus was mortality. How-
ever, in topics dealing with safety of procedures, such as
appendectomy and operation for fissure-in-ano, one of the
complications, such as risk of wound infection or persistence

Potentially relevant articles identified and
sereened for retrieval of pertinent meta-analyses
of randomized controlled thals: N=1,184

_________.{ Escinded on basis of abstract: ]=1,138

3

Meta~anatyses of randomized controlled irials
retricved for wore defailed evaluation: N=46

Excloded because:
# Not meta-analysis of randomized irals (N=13)
Not digestive surgery (N=12)

¥

Meta-analyses of randomized controlled trials
potentially apprepriste for the topics: N=21

——-—————p’ Prefiminary or duplicate seports: N=6

K

FIGURE 1. Summary profile of search for
meta-analyses of randomized controlled
trials.

Meta-anatyses of randouized coniroliad trinls
included in the review (for the topics}): N=15
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TABLE 1. Topics of Meta-Analyses Considering Both Randomized Controlled Trials and Observational Studies
Observational Study (no. of

Randomized Controlled Trial studies)
No. of Studies No. of
Identification (no. of Prospective/ Total (no. of  Comparable
No. Tepic Meta-Analysis patients) Retrospective patients) Outcomes
1 Closed postoperative peritoneal Leiboff et al'® (1987) 4(173) 2/6 8 (1034) 1
lavage vs. no lavage for
generalized peritonitis
2 Splenorenal shunt vs. endoscopic Spina et al'® (1992) 4 (310) 0/2 2(344) i
sclerotherapy in prevention of
variceal rebleeding
3 Routine drainage vs. no drainage Urbach et al*® (1999) 4 (414) 0/5 5(1767) 4
after elective colorectal surgery
4 Anal stretch vs. sphincterotomy Nelson et al®! (1999) 6 (328) 0/4 4 (537) 2
for fissure-in-ano
5 Open vs. closed lateral Nelson et al** (1999) 2 (140) 0/4 4 (1365) 2
sphincterotomy for fissure-
in-ano
6 Laparoscopic vs. open Benson et al’ (2000) 16 (1703) 3/4 7 (1502) 1
appendectomy for acute
appendicitis
7 Transthoracic vs. transhiatal Hulscher et al** (2001) 3 (138) 3/18 21 (2466) 6
resection for carcinoma of the
esophagus .
8 Hand-sewn vs. stapled Urschel et al** (2001) 5 (467) 2/8 10 (3196) 3
esophagogastric anastomosis
after esophagectomy
9 Posterior vs. anterior route of Urschel et al** (2001) 6 (342) 0/3 3(329) 4
reconstruction after
esophagectomy
10 Pyloroplasty vs. no drainage in Urschel et al*® (2002) 3 (347) 0/2 2 (111) 1
gastric reconstruction after
esophagectomy
11 Primary repair vs. fecal diversion  Singer et al*® (2002) 5 (467) 4/29 33 (5745) 4
for penetrating colon injuries
12 Stapled vs. hand-sewn methods Lustosa et al?? (2002) 9 (1233) 2/13 15 (3894) 6
for colorectal anastomosis
surgery
13 Stapled vs. conventional Sutheriand et al2® (2002) 7 (591) 2/5 7 (910) 3
hemorrhoidectomy
14 Extended vs. limited lymph node ~ McCulloch et al*® (2003) 3(1729) 5/8 13 (4058) 2
dissection for adenocarcinoma
of the stomach
15 Open (Hasson type) vs. closed Merlin et a®® (2003) 4 (302) 4/6 10 (20,664) 3
(needle/trocar) access in
laparoscopic surgery
16 Direct trocar vs. closed (needle/ Merlin et af®® (2003) 3 (665) 0/2 2 (1575) 3
trocar) access in laparoscopic
surgery
17 Early vs. delayed open Papi et al*! (2004) 9 (916) 2/16 18 (37,475) 3
cholecystectomy for acute
cholecystitis
18 Early vs. delayed laparoscopic Papi et al®! (2004) 3 (228) 7/9 16 (3705) 3
cholecystectomy for acute
cholecystitis
Total 96 (10,493) 180 (90,677) 52

of fissure, was considered as a more appropriate primary

outcome.

In 16 of 18 topics, primary outcomes could be compared
between observational studies and randomized controlled trials.

© 2006 Lippincott Williams & Wilkins
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These summary estimates and associated 95% confidence inter-

vals are shown in Figure 3. One of 16 primary outcomes
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displayed a magnitude of effect in the combined observational
studies that was outside the 95% confidence interval for the
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Potentially relevant articles identified
and screened for retrieval of pertinent
observational stodies: N=10,960

h 4

s/ Excluded on basis of tifle and abstract: N=10,544 |

Observational studies retrieved for
mere detailed evaluation: N=16

Excluded because:
Evaluating other intervention (N=242)

v

L 4

Not observational study (N=59)
Duplicate report (N=4)

FIGURE 2. Summary profile of search for
observational studies.

Observational studies included
in the meta-asalyses (for 10 fopics): N=111

combinied randomized controlled trials (topic 14). In 4 of 16
primary outcomes, summary estimates from observational stud-
ies were at least double those from randomized controlled trials
(topics 7, 8, 15, and 17). The converse occurred in 3 topics
(topics 11, 14, and 16) (exact P = 0.45 by Wilcoxon test).
Evaluation by Z score revealed significant discrepancies be-
tween randomized trials and observational studies for 4 of 16
primary outcomes (topic 7, Z = —4.28; topic 8, Z = —2.36;
topic 11, Z = 2.19; topic 14, Z = 4.34).

Comparison of All Outcomes

All summary estimates for 52 outcomes of 18 topics are
shown in Table 2. Three types of calculation model were
used: random effects calculation using the DerSimonian-
Laird method; and fixed effects calculation using Peto’s odds
ratio method or the Mantel-Haenszel method. In 21 of 52
outcomes, relative risk was evaluated rather than odds ratio in
meta-analyses of observational studies, as the original meta-
analyses of randomized controlled trials had used relative
risks for evaluations.

In 9 of 52 outcomes, summary estimates from obser-
vational studies were at least double those from randomized
controlled trials. The converse occurred in 10 outcomes
{exact P = 0.943 by Wilcoxon test). Evaluation by Z score
revealed significant discrepancies between randomized trials
and observational studies in 10 of 52 outcomes.

Overall, these data suggest that about one fourth of ob-
servational studies gave different results than randomized trials.

DISCUSSION

Using data from 276 articles in 18 topics, summary
estimates were compared between randomized controlled
trials and observational studies in digestive surgery. Signifi-
cant between-study heterogeneity occurred more often be-
tween observational studies than between randomized con-
trolled trials. One fourth of the summary estimates of
treatment effects in randomized controlled trials and obser-
vational studies differed significantly from each other. From

672

this study, observational studies in digestive surgery tend to
have similar results to those by randomized controlled trials.
At least, they do not tend to overestimate or underestimate
more than randomized controlled trials.

Our findings support the conclusions of earlier evalua-
tions in the 1970s and 1980s.>~¢ In 2001, Ioamnidis et al
investigated 45 diverse pharmacologic and surgical topics in
408 articles and concluded that observational studies tend to
indicate larger treatment effects (28 of 45 topics vs. 11 of 45
topics) and between-study heterogeneity is more frequent
among observational studies than among randomized con-
trolled trials (41% vs. 23%).° On the other hand, previous
studies by Benson and Hartz’ and Concato et al® reached the
opposite conclusion. Benson and Hartz’ investigated 19 di-
verse pharmacologic and surgical treatments in 136 articles
and found little evidence of larger or differing estimates of
treatment effects in observational studies compared with
randomized controlled trials. Concato et al® evaluated 5
clinical topics and 99 articles, concluding that well-designed
observational studies do not systematically overestimate the
magnitude of treatment effects when compared with random-
ized controlled trials on the same topic.

All these previous studies have made substantial contri-
butions toward identifying the problems caused by differing
study designs. However, conclusions have inevitably been in the
form of general statements, as the studies addressed diverse
topics in various clinical fields. The present study was limited to
a single clinical field, digestive surgery and thus offers two
advantages over previous studies: a more exhaustive search is
possible in studies of diverse clinical fields; and higher applica-
bility to clinical practice than a general statement.

In 25% of digestive surgical topics, summary estimates
of treatment effects in observational studies yielded different
results than randomized trials, but both designs reached
similar results in the remaining topics. This may be attribut-
able to various factors. First, quality of surgical randomized
controlled trials is low according to some review articles and
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OR(RR) and 95% Cl

ibNo.  Topic (Primary outcome) 0.10 1.00 10.00
1. Closed postoperative peritoneal lavage vs. no S e
lavage for generalized peritonitis (Mortality) RCT
o 2= m ]
2. Spleno-renal shunt vs. endoscopic 0s ®
sclercherapy (Rebleeding)* RCT
—&—1
3. Routine drainage vs. no drainage after elective os — Py
colorectal surgery (Mortality) RCT
4. Anal strefch vs. sphincterotomy os —8—
for fissure-in-ano (Persistence of fissure) * RCT
—}e—
5. Open vs. closed lateral sphincterotomy for os ——
fissure-in-ano (Persistence of fissure)* RCT
v @ 3
6. L.aparoscopic vs. open appendectomy os ———
for acute appendicitis (Wound infection) RCT
—®
7. Transthoracic vs. transhiatal resection 0s @
for carcinoma of the esophagus (Mortality) * RCT
<ot
8. Handsewn vs. stapled esophagogastric os e
anastomosis after esophagectomy (Mortality) RCT
9. Posterior vs. anterior route of reconstruction os [ S
after esohagectomy (Mortality)* RCT
——f—
11. Primary repair vs. fecal diversion 0s @1
for penetrating colon injuries (Mortality) RCT
————
12. Stapled vs. handsewn methods for colorectal oS —&-h
anastomosis surgery (Mortality) RCT
@t
14. Extended vs. limited lymph node dissection —0—
for adenocarcinoma of the stomach (Mortality) RCT
15. Open vs. closed access in laparoscopic os ——-8—
surgery (Major complication) RCT ®
16. Direct trocar vs. closed access in laparo - os¢—1— FIGURE 3. Comparison of primary
scopic surgery (Major complication) RCT outcomes between observational stud-
P ies and randomized controlled trials.
17. Early vs. delayed open cholecystectomy oS +—o— L":/‘ise \]::/g:r;iec Il;s ??gt_étziqggggga_goan;; 130
for acute cholecystitis (Mortality) RCT! r—a—1— meta-analyses of observational studies
; by the authors. OR, odds ratio; RR, rela-
18. Early vs. delayed laparoscopic chole.cys- os ——— tive risk: Cl, confidence interval. *Out-
tectomy for acute cholecystitis (Morbidity) RCT [, come reporting relative risk rather than
odds ratio.

may be so low that the essential contents of randomized trials
do not differ from those of observational studies.>*** Second,
for most topics, sample sizes may be too small to detect
clinically important differences between the results of two
types of study. Actually, 12 of 18 topics used fewer than 500
randomized patients. Combined with the use of a rare end-

© 2006 Lippincott Williams & Wilkins

point, mortality, we could expect to see very large confidence
intervals in the randomized evidence. The wide confidence
intervals mean that demonstrating any significant discrepancy
between the two designs will be very difficult.

This study examined not only primary outcomes,
but also the secondary outcomes. Generally, results about
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TABLE 2. Summary Estimates for All Outcomes

Randomized Controlled Trial Observational Study

Identification No. of Summary Estimate Ne. of Summary Estimate Calculation
Ne. Topic Outcome Studies OR (95% CI) Studies OR (95% CI) Model
1 Closed postoperative peritoneal Mortality 4 0.65 (0.30-1.40) 8 0.59 (0.41-0.85) M-H

lavage vs. no lavage for
generalized peritonitis
2 Splenorenal shunt vs. endoscopic  Rebleeding* 4 0.16 (0.10-0.27) 2 0.29 (0.17-0.51) M-H
sclerotherapy in the prevention
of variceal rebleeding
3 Routine drainage vs. no drainage  Mortality. 4 1.38 (0.57-3.31) 2 2.05 (0.52-8.11) M-H
after elective colorectal Anastomotic leak 4 1.47 (0.71-3.06) 5 1.99 (1.12-3.53) M-H
surgery Pulmonary 4 0.81 (0.41-1.59) 2 0.94 (0.24-3.73) M-H
complication
Wound infection 4 1.70 (0.87-3.30) 2 0.94 (0.24-3.73) M-H
4 Anal stretch vs. sphincterotomy Persistence of 6 1.16 (0.65-2.08) 4 1.89 (1.28-2.81) M-H
for fissure-in-ano fissure*
Flatus 4 6.63 (2.06-21.3) 4 1.34 (0.79-2.27) M-H
incontinence™
5 Open vs. closed lateral Persistence of 2 1.61 (0.28-9.28) 4 0.94 (0.55-1.58) M-H
sphincterotomy for fissure- fissure*
in-ano Flatus 2 0.79 (0.29-2.13) 4 1.16 (0.94-1.51) M-H
incontinence*
6 Laparoscopic vs. open Wound infection 16 0.30 (0.19-0.47) 7 0.43 (0.21-0.84) M-H
appendectomy for acute
appendicitis
7 Transthoracic vs. transhiatal Mortality* 3 0.12 (0.04-1.12) 20 1.43 (1.08-1.89) M-H
resection for carcinoma of the  Cardiac 2 0.77 (0.30-1.99) 5 1.19 (0.70-2.01) M-H
esophagus complication*
Pulmonary 2 0.85 (0.53-1.38) 10 1.20 (0.99-1.46) M-H
complication*
Anastomotic leak* 3 1.20 (0.34-4.25) 14 0.49 (0.38-0.64) M-H
Vocal cord 2 0.98 (0.14-6.59) 9 0.51 (0.33-0.78) M-H
paralysis*
3-yr survival* 1 1.83 (0.70-4.78) 8 1.44 (1.12-1.86) M-H
8 Hand-sewn vs. stapled Mortality 4 0.41 (0.17-0.98) 3 1.87 (0.76-4.57) p-L
esophagogastric anastomosis  Anastomotic leak* 5 0.79 (0.44-1.42) 10 1.77 (1.22-2.56) p-L
after esophagectomy Anastomotic 4 0.60 (0.27-1.33) 7 0.79 (0.41-1.50) p-L
stricture*
9 Posterior vs. anterior route of Mortality™* 3 0.56 (0.17-1.82) 3 0.56 (0.18-1.72) D-L
reconstruction after Anastomotic leak* 4 1.01 (0.35-2.94) 3 0.28 (0.10-0.79) p-L
esophagectomy Pulmonary 3 0.67 (0.34-1.33) 3 0.81 (0.50-1.34) p-L
complication*
Cardiac 3 0.43 (0.17-1.12) 2 0.87 (0.44-1.74) p-L
complication™
10 Pyloroplasty vs. no drainage in Pulmonary 2 0.69 (0.42-1.14) 2 4.07 (0.91-18.3) p-L
gastric reconstruction after complication*
esophagectomy ]
11 Primary repair vs. fecal diversion Mortality 5 1.70 (0.51-5.70) 25 0.43 (0.33-0.55) Peto
for penetrating colon injuries  Morbidity 5 0.28 (0.18-0.42) 20 0.73 (0.60-0.90) Peto
Intraabdominal 5 0.59 (0.38-0.94) 20 0.60 (0.49-0.74) Peto
infection
Wound infection 5 0.55 (0.34-0.89) 18 0.78 (0.62-0.98) Peto
12 Stapled vs. hand-sewn methods Mortality 7 0.69 (0.32-1.49) 12 0.74 (0.51-1.07) Peto
for colorectal anastomosis Anastomotic leak 9 0.99 (0.71-1.40) 11 1.16 (0.82~1.64) Peto
surgery Anastomotic 7 3.59 (2.02-6.35) 5 3.78 (1.40-10.2) Peto
stricture
Hemorrhage 4 1.78 (0.84-3.81) 2 0.59 (0.084.19) Peto
Reoperation 3 1.94 (0.95-3.98) 3 0.18 (0.12-0.26) Peto
Wound infection 6 1.43 (0.67-3.04) 5 1.28 (0.83-1.97) Peto
(Continued)
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TABLE 2. (Continued)
Randomized Controlled Trial Observational Study
Identification No.of Summary Estimate No. of Summary Estimate Calculation
No. Topic Outcome Studies OR (95% CI) Studies OR (95% CI) Model
13 - Stapled vs. conventional Thrombosis of 2 0.56 (0.19-1.61) 2 0.71 (0.14-3.58) M-H
hemorrhoidectomy external piles*
Urinary retention* 3 0.59 (0.28-1.24) 3 0.41 (0.23-0.72) M-H
Anal stenosis 2 1.07 (0.36-3.17) 3 0.55 (0.16-1.83) M-H
(2-6 wk)*
14 Extended vs. limited lymph node  Mortality 2 2.39 (1.50-3.82) 2 0.63 (0.43-0.93) M-H
g}sfgzt’s‘t’g;zzhaden"cmm"ma 5-yr survival 2 0.92 (0.72-1.17) 2 1.17 (0.97-1.42) M-H
15 Open (Hasson type) vs. closed Major 1 0.33 (0.04-3.13) 6 1.54 (0.70-3.40) M-H
(needle/trocar) access in complication
laparoscopic surgery Minor 2 0.82 (0.44-1.54) 5 0.52 (0.26-1.05) M-H
complication
Conversion to 2 0.32 (0.05-1.96) 4 0.43 (0.16-1.21) M-H
laparotomy
16 Direct trocar vs. closed (needle/ ~ Major 1 1.07 (0.07-16.9) 1 0.09 (0.00-1.90) M-H
trocar) access in laparoscopic complication
surgery Minor 3 0.19 (0.09-0.40) 2 0.07 (0.04-0.14) M-H
complication
Conversion to 1 1.17 (0.16-8.58) 1 0.09 (0.00-1.90) M-H
laparotomy
17 Early vs. delayed open Mortality 9 0.53 (0.17-1.66) 13 1.73 (0.89-3.37) D-L
cholecystectomy for acute Morbidity 9 0.95 (0.66-1.38) 12 0.95 (0.59-1.54) p-L
cholecystits Common bile duct 9 0.66 (0.20-2.17) 3 1.35 (0.24-7.61) p-L
injuries
18 Early vs. delayed laparoscopic Morbidity 3 0.69 (0.27-1.73) 11 0.98 (0.53-1.80) p-L
cholecystectomy for acute Common bile duct 3 0.76 (0.07-6.19) 11 1.27 (0.56-2.87) p-L
cholecystitis injuries
Conversion to 3 0.62 (0.32-1.19) 16 0.39 (0.14-1.07) p-L
laparotomy

OR, odds ratio; CI, confidence interval; M-H, Mantel-Haenszel method; o-L, DerSimonian-Laird method; Peto, Peto’s odds ratio method.

*Qutcome reporting relative risk rather than odds ratio.

concordance of different studies may vary depending on
whether primary or secondary outcomes are examined.
Discrepancies may be less apparent for secondary out-
comes than for primary outcomes because secondary
events are likely to be too uncommon to show any signif-
icant difference between arms except in extremely large
trials (mega-trials).!’

One possible explanation for the greater frequency of
between-study heterogeneity in observational studies than in
randomized trials is that each observational study usually
includes a wide spectrum of subjects from the population at
risk. In contrast, randomized trials use specific inclusion
criteria and may not be representative of populations seen in
clinical practice.

All topics examined in this study were comparisons
in the form of A versus B. Generally, A represented a new
procedure while B represented an accepted method, but
deciding which was newer was difficult in some topics.
Most trials in medicine estimate the benefits of pharmaco-
logic effects, whereas 50 of 52 outcomes in this study
estimate risks of operations, such as mortality and mor-
bidity. Discrepancies in summary estimates were estimated
accordingly between randomized trials and observational

© 2006 Lippincott Williams & Wilkins

studies. For example, the greatest statistical discrepancy
between the two types of study design was topic 14
(mortality), comparing extended and limited lymph node
dissections for adenocarcinoma of the stomach (Z = 4.34).
In this topic, although the summary estimate from obser-
vational studies was one fourth that from randomized trials
(0.63 vs. 2.39), this represented an underestimation of
risks, not of benefits.

The authors revealed that one fourth of observational
studies gave different results to randomized trials and be-
tween-study heterogeneity was more common in observa-
tional studies in the field of digestive surgery. Furthermore,
even if clinical applicability is improved by combining a
large number of observational studies, estimations of treat-
ment effect sometimes differ from those obtained from ran-
domized controlled trials. The present study confirmed such
tendencies in the well-defined area of digestive surgery.
However, observational studies offer several advantages over
randomized controlled trials, including lower cost, greater
timeliness, and a broader range of patients.>* These benefits
remain worthy of attention in real clinical settings, particu-
larly where random allocation is not easily accepted by either
clinicians or patients. In the field of digestive surgery, large
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observational studies may actually be more reliable than
small underpowered randomized controlled trials. To clarify
how to interpret the findings of observational studies and
randomized controlled trials, further analyses in other fields
are eagerly awaited.
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SUMMARY
Purpose To analyse the available data on the effectiveness and safety of ritodrine hydrochloride in delaying delivery and in

decreasing the incidence of preterm birth.
Metheds Systematic review of randomised controlled trials (RCTs) that compared the effectiveness and safety of ritodrine

hydrochloride with a placebo or with no treatment. Main outcome measures were relative risks (RRs) for perinatal mortality,
neonatal respiratory distress syndrome (RDS), delivery within 48 hours or 7 days, preterm birth before 37 weeks gestation
and low birth weight. We searched computerised databases (MEDLINE, CENTRAL, Ichushi Web) from their inception to
October 2004, and searched the references of eligible trials.

Results Seventeen RCTs were included and meta-analysis was conducted. Pooled RRs relative to placebo for delivery
within 48 hours or 7 days for parenteral ritodrine hydrochloride were 0.74 (95%Cl (confidential interval): 0.56, 0.97), 0.85
(95%CE: 0.74, 0.97). There was no significant decrease in perinatal mortality, the proportion of RDS, preterm birth and low
birth weight infants. Maternal side-effects significantly increased in patients receiving ritodrine with respect to those
receiving a placebo. Pooled RRs relative to placebo for oral ritodrine hydrochloride showed no significant decrease in
primary and secondary endpoints.

Conclusions The effectiveness of parenteral ritodrine hydrochloride for tocolysis in preterm labour is limited to short-
range prolongation of gestation. The effectiveness of maintenance tocolytic therapy with oral ritodrine hydrochloride was not
proved. Copyright © 2006 John Wiley & Sons, Ltd.
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INTRODUCTION countries, and it has been increasing at an alarming

rate in recent years. Approximately 30% of the
Prevention of preterm birth is currently a primary threatened premature delivery is believed to be caused
concern in perinatal medicine. The rate of preterm by multiple pregnancy, while 20-25% is caused by

delivery ranges from 5 to 10% in the developed uterine disorders such as premature rupture of the

membranes (PROM: rupture of membranes which

_— occurs before labour begins and has been associated
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is a general consensus that threatened premature
delivery should be treated causally when causes of it
are known, most cases of uterine contractions that
occur before 37 weeks gestation are treated with
tocolytic drugs. According to the American College of
Obstetricians and Gynecologists’ guidelines, while
tocolytic drugs may be useful for short-term pro-
longation of pregnancy, they do not improve perinatal
outcomes (such as perinatal mortality, neonatal
respiratory distress syndrome (RDS), etc.). The
primary objective of tocolytic therapy is to prolong
pregnancy long enough to provide time for the
administration of antenatal steroids to improve foetal
lung maturity and maternal transport to a neonatal
intensive care unit (NICU).

Although terbutaline sulphate and magnesium
sulphate are used as first-line tocolytic agents in most
Western countries, commonly used drugs for tocolysis
vary in each country and obstetric ward. The first-line
tocolytic agent which is safe and effective at the true
endpoint has not yet been established.

In Japan, the low birth weight rate increased from
5.7% in 1970 to 8.6% in 2000. Approximately two-
thirds of the low birth weight cases are attributed to
either preterm labour or PROM. The rate of preterm
labour in Japan also increased from 4.1% in 1980 to
over 5% after 2000. Although ritodrine hydrochloride
(hereinafter referred to ritodrine) is not commonly
used for tocolysis in Western countries, it has been
used to prolong pregnancy for more than 7 days in
most obstetric wards in Japan. Furthermore, oral
ritodrine are currently used as maintenance therapy
following acute tocolysis in 10% of obstetric wards in
Japan.® Ritodrine is one of the betamimetics which

Y. YAJU AND T. NAKAYAMA

used especially in resource-poor

are - widely
countries.*
Considering the possibility of serious adverse
reactions (e.g. pulmonary edema), re-evaluation of
the effectiveness and safety of ritodrine is essential for

improving drug therapy for preventing preterm birth.

METHODS
Searching and selection

A systematic electronic search of MEDLINE (1966-
October, 2004), the Cochrane Central Register of
Controlled Trials (CENTRAL in Cochrane Library
2004, issue 3) and Igaku Chuo Zasshi(Japan Centra
Revuo Medicina) Web (hereinafter referred to as
Ichushi Web; 1983-October, 2004). This was supple-
mented by searching the reference lists of all retrieved
articles. The bibliographic record and abstracts of each
of the retrieved articles were checked against the
inclusion/exclusion criteria (hereinafter referred to as
selection criteria) (Table 1).

‘We limited our search to English-language abstracts
obtained on MEDLINE and CENTRAL search. Text
words that were applied to the search included
‘preterm labour’, ‘premature labour’, tocolysis and
ritodrine (Table 2).

Assessment of methodological quality

The methodological quality of individual trials was
assessed independently by two investigators (Y.Y.,
T.N.) using five selection criteria (Table 3). The five
criteria were established based on the Cochrane

Table 1. Inclusion/exclusion criteria

Category Inclusion/exclusion criteria
Patients Pregnant women

Disease Threatened preterm delivery (the following studies were excluded)

o Trials of intravenous ritodrine hydrochloride involving only women with multiple pregnancy
o Trials of oral ritodrine hydrochloride involving only women with multiple pregnancy and trials of
oral ritodrine hydrochloride involving only women with premature rupture of the membranes (PROM)

Intervention
with oral ritodrine hydrochloride

Outcomes

Acute tocolysis with intravenous ritodrine hydrochloride or maintenance therapy after acute tocolysis

Trials measuring either one of the following outcomes: perinatal mortality, proportion of neonatal RDS,

proportion of preterm birth, proportion of birth within 48 hours/7 days of treatment initiation

Year of publication MEDLINE: 1966-October, 2004

The Cochrane Library 2004 issue 3

Ichushi Web: 1983-October, 2004
Language English, Japanese
Study design
non-treatment control

RCTs (trials that include description of random allocation) using either a placebo control or a

Copyright © 2006 John Wiley & Sons, Ltd.
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Table 2. Search strategy for MEDLINE

No. Most recent queries Results
#1 Search ‘Ritodrine’[MeSH] OR ritodrine 936
#2 Search “Labor, Premature’{MeSH] OR “preterm labor’ OR 11805

‘preterm labour’ OR ‘premature labor’ OR ‘premature labor’ OR tocolysis

#3 Search #1 AND #2 571
#4 Search #1 AND #2 Field: All Fields, Limits: Randomized Controlled Trial 65
#35 Search #3 AND randomi® 73
#6 Search #3 AND ‘double blind™ 29
#7 Search #4 OR #5 OR #6 101

Reviewers’ Handbook (Section 6. Assessment of study
quality). Because the validity of measuring the quality
of individual trials by means of a quality scoring
system is questionable, the methodological quality
was delermined by reviewing the individual trials to
examine whether or not and to what extent each
criterion was met.

Data extraction

The following information was extracted indepen-
dently by two investigators: Bibliographic records,
study methods, subjects, interventions and outcomes.
A predefined set of data were extracted from the
selected trials to create structured abstract tables. The
primary endpoints were perinatal death and incidence
of respiratory distress syndrome (RDS). The second-
ary endpoints were birth within 48 hours/7 days of
treatment initiation, preterm delivery (birth before 37
weeks gestation), the low birth weight (live-born
infants weighing <2500 g), recurrent uterine contrac-
tions after acute tocolysis (extracted only for trials
with oral ritodrine) and the adverse reactions
(palpitation, chest pain).

Assessment of conceptual heterogeneity

The selected trials were analysed and compared with
respect to study quality and subjects characteristics in
order to assess conceptual heterogeneity.

Table 3. Criteria for methodological quality

(1) Method of allocation concealment: description of random
allocation methods

(2) Masking (blinding): description of double-blinding

(3) Sample size calculation: description of methods used to
determine sample size

(4) Completeness of follow-up: follow-up rate is more than 80%

(5) Explicit definition of threatened preterm delivery

Copyright & 2006 John Wiley & Sons, Ltd.

Quantitative data synthesis

To pool dichotomous outcomes, we calculated estimates
of relative risk (RR) and odds ratio (OR) using a random
effects model described by DerSimonian and Laird, as
well as a Mantel-Haenszel fixed effects mode] with the
Review Manager version 4.2:7>° We report in this
analysis RRs and those 95% confidential intervals (Cls)
calculated with random effects model. Data were
analysed using an intention-to-treat (ITT) approach. In
order to conduct a sensitivity analysis, the selected trials
were grouped in six different ways (pooling groups)
based on the types of inter-study conceptual hetero-
geneity. In order to assess statistical heterogeneity of
study results in each of the six pooling groups, we
calculated Q-statistics, p-value for heterogeneity test
and P (as a measure of inconsistency across study
results). The p-value <0.1and/or FP>50% was
considered significant. Publication bias was visually
assessed using the funnel plot.

RESULTS
Searching and selection

The title and abstracts of 101 articles retrieved via
MEDLINE were reviewed against the selection
criteria. A total of 12 articles (i.e. 8 on intravenous
ritodrine and 4 on oral ritodrine) met the selection
criteria. Of the eight articles on intravenous ritodrine,
two were the same trial, and thus, one of them was
excluded. A total of 11 articles were selected.
Although 140 randomised controlled trials (RCTs)
were found in the CENTRAL database, those articles
that met the selection criteria turned out to be exactly
the same articles as the ones selected from MEDLINE
search results. However, four RCTs were found in the
Cochrane systematic review by Anotayanonth et al. 2
which was listed in the Cochrane Database of
Systematic Reviews (CDSR). Because each of these
four RCTs was unpublished, the data were extracted
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via the Cochrane review and a review article by
Merkatz.”

Articles including the terms ‘ritodrine’ and

‘Utemerin® were searched in the Ichushi Web. After
excluding case reports and reviews, a total of 353
articles were retrieved. The titles and abstracts
were reviewed against the selection criteria. Only
one article on oral ritodrine met the selection criteria.
One RCT of intravenous ritodrine which did not meet
the selection criteria was included in the analysis
for the following reasons: the trial was conducted
among the Japanese women and provided certain
information on adverse reactions to ritodrine. Thus, a
total of two articles from Ichushi Web were selected.

Overall, 17 RCTs were included in the analysis. The
process of literature search and selection is illustrated
in Figure 1.

Assessment of methodological quality

The individual articles were checked to confirm
whether or not and to what extent each criterion listed
in Table 3 was met. Some articles lacked an adequate
description of the random allocation methods, while
others did not describe sample size calculation.
Although the quality of the retrieved articles was
generally low, no significant variation was observed in
the quality of the selected studies. Thus, all 17 selected
articles were included in the analysis.

Y. YAJU AND T. NAKAYAMA

MEDLINE cCiNTRt'I;, in Ichushi Web
_ ochrane Library 227
(n=101) (n=140) { n=333)
RCTs screened RCTs screened RCTs screened

on the basis of
title or abstract title or abstract title or abstract
(n=11) (n=4) (n=2)

on the basis of on the basis of

! |
A
l RCTs included in this systematic review(n=17) ]

Figure 1. Flow diagram of RCTs retrieved from database search

Charuacteristics of eligible trials—conceptual
heterogeneity

Seventeen RCTs included in the analysis are listed in
Table 4.

Study quality. In terms of sample size, an article by
CPLIG ® (The Canadian Preterm Labor Investigators
Group) had the highest quality of all RCTs selected.
No significant variation was observed in the study
quality of other articles. Two articles by Larsen '*'!
provided no information regarding the outcome data
of patients excluded from the analysis. Considering

Table 4, Characteristics of randomised controlled trials on effectiveness of riodrine hydrochloride

Antenatal steroids

Treatment Author Year No. of participants Participants characteristics
Treatment  Control ‘Weeks Multiple PROM
of gestation pregnancy
Acute CPLI group® 1992 352 356 20-35 T Included Used
tocolysis {(IV)
Garite TI° 1987 39 40 25-30 S PROM only Not used
Leveno KJ'° 1986 54 52 24-33 T Not included  Not used
Larsen JF''! 1986 63 62 2036 N Included N/S
Tohoku group'? 1984 22 25 24-36 N/S Not included  N/S
Larsen JF'? 1980 150 49 20-36 S Not included  Used
Barden TP’ 1980 12 13 20-36 S N/S N/S
Hobel CJ’ 1980 16 15 20-36 S N/S N/S
Mariona A”7 1980 3 20-36 S N/S N/S
Scommegna A’ 1980 15 17 20-36 S N/S N/S
Spellacy WN'# 1979 4 15 20-36 S Included N/S
Wesselius CA ' 1971 43 38 20-36 N/S Included N/S
Maintenance  Holleboom CA'® 1996 50 45  ~34 T Not included  N/S
therapy (oral)  Ricci IM"” 1991 25 25 24-34 S Not included  Used
Sakamoto S'® 1985 98 a5 24-37 T Not included  N/S
Creasy RK'® 1980 35 35 20-36 T Not included  N/S
Walters WA 1977 24 23 28-32 N/S Not included  Not used

N/S, not stated; T, including twins; S, singleton only.

Copyright © 2006 John Wiley & Sons, Ltd.
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Table 5. Six different ways of grouping the selected trials for pooling according to the types of conceptual heterogeneity across trials

Types of heterogeneity

Ways of grouping for pooling Pooling
group no.

Study quality Completeness of follow-up  All selected trials
Only trials that provide accurate data for ITT analysis:

!
o
2

excluding trials that do not provide any information regarding the
outcomes of patients excluded from the analysis, and that, therefore,
do not provide an accurate account of the number of events

Subjects Proportion of multipie Only trials involving women with multiple pregnancy 3
characteristics pregnancy

Proportion of PROM Only trials that do not involve women with PROM 4

Trials that involve a certain proportion of women with PROM 5

as well as trials that do not involve women with PROM
Combination use of Only trials in which antenatal steroids used 6

antenatal steroids

that data extracted from these two studies are of lower .

quality as compared to data extracted from other trials
under ITT analysis, we conducted an analysis without
those two trials (Table 5: Pooling group no. 2).

Subjects characteristics.

1. Multiple pregnancy: Of the acute tocolysis trials,
up to 10% of the subjects in CPLIG® and Leveno'’
were pregnant with twins. All the other acute
tocolysis trials involved only pregnant women with
singleton. Of the maintenance therapy trials of
oral ritodrine, a certain proportion of subjects in

Review: Ritodrine for prevention of preterm labor

Creasy,w Holleboom'® and Sakamom,lx included
pregnants with twins.

. PROM: All the subjects in Garite® had PROM.

Other acute tocolysis trials either contained some
description regarding the incidence of PROM or no
description of PROM. Those trials containing no
description of PROM were regarded as trials
including at least some cases of PROM. None of
the maintenance therapy trials involved patients
with PROM.

. Combination with antenatal steroids therapy: Of

acute tocolysis trials, antenatal steroids were admi-
nistered in CPLIG and Larscn,l3 and were not
administered in Garite and Leveno. Other reports

Comparison: 01 ritodrine(Injection} vs placebo(or no treatment) - included all studies(ITT)

Qutcome: 083 prolongation of gestation{birth within<48 hrs)

100 SE(log RR) .
Y
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Figure 2. Funnel plot analysis: acute tocolysis with intravenous ritodrine hydrochloride; birth within 48 hours of treatment initiation
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