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ABSTRACT

Objective: Emergency department targeted ultrasonography
(EDTU) offers the possibility of rapid exclusion of ectopic
pregnancy in patients with first-trimester pelvic pain or bleed-
ing. We sought to systematically review the evidence describ-
ing the diagnostic accuracy and clinical utility of EDTU in the
first trimester of pregnancy, and to generate a pooled esti-
mate of the sensitivity and specificity of EDTU for the detec-
tion of intrauterine pregnancy (IUP).

Methods: The literature search, abstract review and study se-
lection were performed using predefined criteria. We ab-
stracted the sensitivity and specificity of EDTU for IUP from
included studies, and evaluated and summarized the evi-
dence assessing the effect of EDTU use on time to diagnosis,
time to treatment of ectopic pregnancy, emergency depart-
ment (ED) length of stay and health care costs.

Results: The specificity of EDTU for IUP in most studies
exceeds 98%. The sensitivity in most studies exceeds 90%.
Pooled estimates were not calculated because of statistical
heterogeneity between studies. Published evidence indicates
that EDTU use reduces the frequency of missed ectopic preg-
nancies, decreases time to surgery for ectopic pregnancy,
shortens the length of stay for patients with normal pregnan-
cies and may be more cost-effective than diagnostic strate-
gies requiring formal ultrasonography.

Conclusion: EDTU is highly specific for the identification of IUP.
Patients who have an IUP identified with EDTU may be safely
discharged from the ED with outpatient follow-up. The speci-
ficity of EDTU for IUP, along with the potential improvements
in patient care that EDTU affords, justifies its adoption as rou-
tine ED care in evaluating first-trimester pain or bleeding.

Keywords: ultrasound, ultrasonography, ectopic pregnancy,
spontaneous abortion, emergency medicine

RESUME

Objectif : Le recours a I'échographie ciblée au service d'urgence

permet d’écarter rapidement le diagnostic de grossesse ec-
topique chez les patientes qui présentent une douleur pelvi-
enne ou un saignement utérin au premier trimestre d’'une
grossesse. Nous avons voulu analyser systématiquement les
preuves entourant la précision diagnostique et I'utilité clinique
de I'échographie ciblée au cours du premier trimestre de
grossesse et obtenir une estimation des données regroupées
relativement a la sensibilité et a la spécificité de cette tech-
nique dans le dépistage de la grossesse intra-utérine (GIU).
Méthodes : A partir de critéres prédéfinis, nous avons procédé a
une recherche dans la littérature, analysé les résumés et sélec-
tionné les études pertinentes. Nous avons extrait des études
retenues les données sur la sensibilité et la spécificité de I'é-
chographie ciblée dans la GIU et nous avons évalué et résumé
les preuves quant a I'effet de I'échographie ciblée sur les délais
précédant le diagnostic et le traitement des grossesses ec-
topiques, sur la durée du séjour a I'urgence et les colts de santé.
Résultats : Selon la plupart des études, dans les cas de
GIU, la spécificité et la sensibilité de I'échographie ciblée ex-
cedent respectivement 98 % et 90 %. Nous n’avons pas cal-
culé les estimations regroupées en raison de I'hétérogénéité
statistique des études. Les preuves publiées indiquent que
I"échographie ciblée réduit la fréquence des grossesses
ectopiques non diagnostiquées, accélere I'acces a la chirurgie
pour grossesse ectopique, abrege la durée du séjour des pa-
tientes dont la grossesse se déroule normalement et pourrait
se révéler plus rentable que les stratégies diagnostiques re-
posant sur I'échographie classique.

Conclusion : L'échographie ciblée présente une spécificité
élevée dans le dépistage de la GIU. Les patientes chez qui on
confirme une GIU au moyen de I'échographie ciblée peuvent
recevoir sans danger leur congé de l'urgence, sans suivi en
clinique externe. La spécificité de I'échographie ciblée dans la
GIU, de méme que les améliorations thérapeutiques poten-
tielles qu’elle permet pour les patientes, justifient son adop-
tion d’emblée par les services d'urgence dans les cas de
douleur pelvienne ou de saignement utérin survenant pen-
dant le premier trimestre de grossesse.
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INTRODUCTION

Emergency department targeted ultrasonography
(EDTU) describes a diagnostic test in which an emer-
gency physician (EP) performs a focused ultrasonogra-
phy examination on emergency department (ED) pa-
tients with specific clinical problems. EDTU is used to
rapidly identify life-threatening conditions in order to
expedite treatment.’

The primary purpose of EDTU in evaluating patients
with first-trimester pain or bleeding is to exclude the di-
agnosis of ectopic pregnancy, which is effectively ruled
out if an intrauterine pregnancy (IUP) is identified.
This is done by visualizing an intrauterine gestational
sac that contains either a yolk sac or fetal pole.*’

"To avoid missing patients with ectopic pregnancies,
EDTU must be highly specific for the detection of TUP.
The proportion of false positives must be small so that
patients with an ectopic pregnancy will not be erro-
neously discharged from the ED. False negatives are of
lesser consequence, since patients who have no IUP
visible on EDTU will undergo further evaluation to
exclude ectopic pregnancy.

The objectives of this systematic review were 2-fold.
First, we comprehensively reviewed the literature de-
scribing the diagnostic accuracy of EDTU, and we calcu-
lated a pooled estimate of the specificity and sensitivity of
EDTU for IUP. Second, we evaluated the clinical impact
of the use of EDTU in the assessment of first-trimester
pelvic pain or bleeding, including time to diagnosis and
time to treatment of ectopic pregnancy, patient length of
stay (LOS) in the ED and cost-effectiveness.

METHODS

One author (A.M.) performed the literature review,
screened abstracts and selected articles for full-text re-
view. The search strategy, which was developed in con-
junction with a health sciences librarian, is described in
Table 1.

Two authors (H.M., ML.E.) independently reviewed
the retrieved articles to determine eligibility for inclu-
sion. These 2 authors also independently abstracted re-
sults from included studies. Disagreements were re-
solved by consensus with input from the third author
(A.M.), who also independently reviewed the articles.

The prespecified inclusion criteria for studies examin-
ing the diagnostic accuracy of EDTU were based on
guidelines for a quality assessment tool of diagnostic ac-
curacy studies (QUADAS) for systematic reviews of
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diagnostic tests® and standard questions for the critical
appraisal of reports of a diagnostic test.” The inclusion
criteria were as follows: 1) prospective enrolment;
2) unselected, pregnant emergency patients presenting
with pelvic pain or bleeding in the first trimester; 3) the
use of transabdominal, transvaginal, or both EDTU
techniques, performed in EDs by EPs; 4) comparison of
EP EDTU interpretation with a gold standard incorpo-
rating any of the following: ultrasonography performed
in radiology departments or by gynecology consultants,
surgical findings, pathology reports, or telephone or
clinical follow-up; and 5) presentation of sufficient data
to allow calculation of sensitivity and specificity, classi-
fying a positive finding of IUP as the observation of an
intrauterine gestational sac with yolk sac or fetal pole.
The first 3 of these criteria were used in the initial ab-
stract screening.

The number of true-positive, true-negative, false-
positive and false-negative EDTU scans from each
study were entered into a spreadsheet. For each study,
the specificity and sensitivity, and their 95% confidence

Table 1. Search strategy for systematic review

Source
MEDLINE database

Strategy

Years 1966-July 2008
(Ultrasonography or ultrasound.mp)
AND (Emergency Medicine or
emergency department.mp or
emergency physician.mp or
bedside.mp) AND (Pregnancy, ectopic
or Pregnancy Trimester, first) LIMIT to
human and English Language

Years 1980-July 2008

(Ultrasonography or Echography or

ultrasound.mp or echography.mp) AND

(Emergency Medicine or Emergency

Ward or emergency ward.mp or

emergency department.mp or

emergency physician.mp or

bedside.mp) AND (Ectopic Pregnancy or

Pregnancy Trimester, First) Limit to

human and English Language

Manual searches 1. ACEP Emergency Ultrasound
Guidelines’bibliography

2. Canadian Emergency Ultrasound
Society website (www.cues.ca)
literature review

3. CAEP meeting abstracts
1999-2008

4.  SAEM annual meeting abstracts
1999-2008

5. ACEP annual meeting abstracts
1999-2007

6. Bibliographies of any retrieved
articles

EMBASE database
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intervals (CIs), were recalculated de novo.® The sensitiv-
ity and specificity of EDTU for IUP was tested for sta-
tistical heterogeneity between selected studies using
Fisher exact test and the I statistic. A simple pooled es-
timation of the specificity and sensitivity was planned if
no evidence of heterogeneity was found (Fisher exact
test p > 0.10 and I < 50%).>"

"The inclusion and screening criteria for studies exam-
ining the clinical impact of EDTU in symptomatic
first-trimester pregnancy were as follows: 1) retrospec-
tive or prospective studies; 2) examined objective out-
comes including mortality, ED LOS, time to diagnosis,
time to surgery among patients treated operatively or
costs; 3) compared outcomes in patients examined with
EDTU versus patients undergoing sonography in radi-
ology departments or by gynecology consultants.

Statistical analysis was performed using Microsoft Ex-
cel 2003 (Microsoft) and SAS Version 9 (SAS Institute).
Forest plots were generated using StatsDirect Version
2.5.7 (StatsDirect, Ltd.).

Diagnostic accuracy and clinical utility of EDTU

RESULTS

The electronic literature search yielded 128 studies
whose abstracts we screened. Of these, 19 were selected
for full-text review. Five additional studies were identi-
fied on manual search of the literature, all of which
were selected for full-text review. Three studies" " met
inclusion criteria for the review of diagnostic accuracy
of EDTU for IUP. Nine papers met inclusion criteria
for the clinical impact systematic review (Fig. 1)."2'+!

Diagnostic accuracy of EDTU for IUP

The results of the 3 studies meeting inclusion criteria
are shown in Figure 2 and Table 2.""*'" The method-
ological quality of these studies is described using the
QUADAS criteria in Table 3."-"

Mateer and colleagues"
"This study enrolled a convenience sample of 300 patients

Potentially relevant papers
identified by literature search
(n=128)

A 4

review (n = 24)

Papers selected for full-text

A 4

(n=11%)

Papers meeting inclusion criteria

\ 4

Papers addressing diagnostic
accuracy of EDTU for IUP
(n=23)

Potentially relevant papers
identified by manual search
(n="5)
Papers not studying EDTU, not
P addressing first-trimester pelvic pain
or bleeding (n = 109)
.| Papers not meeting inclusion criteria
- (n=13)
A\ 4
Papers addressing clinical utility
of EDTU in first trimester of
pregnancy (n = 9)

Fig. 1. Flow diagram of study selection process. EDTU = emergency department targeted ultrasonography; IUP = intrauterine
pregnancy. *One paper met inclusion criteria for review of both diagnostic accuracy and clinical utility of EDTU.
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presenting to a single ED with first-trimester pain or
bleeding. A protocol employing transvaginal EDTU was
used to rule out ectopic pregnancy. Patients with IUPs
identified on EDTU were discharged with outpatient
follow-up. Those with obvious ectopic pregnancies, or
those with indeterminate EDTU findings and a serum 3
human chorionic gonadotropin (BhCG) level greater
than 2000 mIU/mL were referred to the gynecology ser-
vice. Patients with abnormal IUPs or with indeterminate
EDTU findings and a BhCG less than 2000 mIU/mL
were discharged with clinic follow-up within 72 hours.

Emergency physicians who performed EDTU com-
pleted 10-12 hours of training and 10-12 proctored
scans. The composite gold standard included formal ul-
trasonography, operative reports, pathology reports, or
clinical or telephone follow-up.

All 169 EDTU scans that were classified as definite
IUPs were true positives. EDTU scans classified as
negative for IUP included abnormal TUPs (31), ectopic
pregnancies (5), and no definite IUP with BhCG either
above (28) or below (67) 2000 mIU/mL. Of these 131
negative EDTU scans, 86 were true negatives, including

A
Mateer? . 100 (95.7-100)
Durham' —M  100(88.3-100)
13
Wong —_— 91.7 (64.6-98.5)
——————————————————
0 25 50 75 100
Specificity (95% CI)
B
Mateer" . 78.9 (73.0-83.9)
n
Durham 1 90.6 (83.1-95.0)
Wong"
1 67.2 (58.7-74.6)
T T T 1
0 25 50 75 100
Sensitivity (95% ClI)

Fig. 2. Specificity (A) and sensitivity (B) of emergency de-
partment targeted ultrasonography for intrauterine preg-
nancy (IUP), using diagnostic criteria for IUP of gestational
sac plus yolk sac or fetal pole. Point estimates and confi-
dence intervals (Cls) are displayed.
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40 ectopic pregnancies identified on formal ultrasonog-
raphy or follow-up. In this study the specificity of
EDTU for IUP was 100% and the sensitivity was 79%.

Durham and coworkers'
This study enrolled 125 consecutive patients presenting
to a single ED with first-trimester pain and bleeding, ex-
cluding those with a clinical diagnosis of incomplete abor-
tion. A protocol employing transabdominal and transvagi-
nal EDTU was used to rule out ectopic pregnancy.
Patients with IUPs identified on EDTU were discharged
with outpatient follow-up, and those with nondiagnostic
EDTU scans underwent formal ultrasonography or spe-
cialist consultation. One patient with an ectopic preg-
nancy was erroneously discharged from the ED. This pa-
tient did not have a definite IUP identified on EDTU.
Emergency physicians who performed EDTU com-
pleted a 24-hour ultrasonography course, including
20 proctored scans. They had performed, on average,
50 pelvic ultrasonography procedures before the study
began. The composite gold standard included formal
ultrasonography and clinical or telephone follow-up.
All 87 EDTU scans that were classified as definite
IUPs were true positives. Nondiagnostic EDTU scans
included 12 findings of only a gestational sac, 8 ectopic
pregnancies, 2 blighted ova, 1 molar pregnancy and
15 indeterminate results. The specificity of EDTU for
IUP in this study was 100% and the sensitivity was 91%.

Wong and colleagues"

"This study enrolled 151 consecutive patients presenting
to a single ED with pain or vaginal bleeding in the first
16 weeks of pregnancy. Complete data were available on
143 patients. Transabdominal sonography was used ex-
clusively. EDTU credentialing standards for EPs was not
described. The gold standard in this study was the result
of ultrasonography procedures performed by gyneco-
logic consultants.

Of 89 EDTU scans, 88 that demonstrated a definite
TUP were true positives. One false positive was a mis-
classified ectopic pregnancy. This ectopic pregnancy
was identified on close follow-up using serial ultra-
sounds and BHCG levels. The patient underwent right
salpingectomy with an uneventful recovery. Nondiag-
nostic EDTU findings included abnormal IUPs (20) or
no definite IUP (34). The specificity of EDTU for IUP
in this study was 92%, and the sensitivity was 67%.

There was evidence of statistical heterogeneity of the
specificity (p = 0.0945, I> = 78%) and sensitivity (p <
0.05, I = 88%) of EDTU for IUP between these
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included studies. For this reason, a pooled analysis of
the diagnostic accuracy was not performed.

Other studies

The literature search identified 2 other studies* of ade-
quate methodological quality, but their diagnostic crite-
rion for IUP was not clearly described. The specificity of
EDTU for IUP in these studies was 98.5%% and 100%,"
with sensitivities of 54%% and 94%" (Table 1). Although

Diagnostic accuracy and clinical utility of EDTU

the specificity of EDTU for IUP was high in these stud-
ies, we did not include them in the systematic review, be-
cause we could not be certain that their diagnostic crite-
rion for IUP met current practice guidelines.*”

Clinical impact of EDTU in the assessment of first-
trimester pelvic pain or bleeding

No studies compared mortality between patients who

Table 2. Characteristics of studies included in systematic review of diagnostic accuracy of emergency department targeted

ultrasonography for intrauterine pregnancy

TN Sensitivity, % (95% Cl) Specificity, % (95% Cl)

No. of Sonography Result
Study patients method TP FN Ep
Studies with clear criteria for IUP (intrauterine gestational sac + yolk sac or fetal pole)
Mateer et al.” 300 TVS 169 45 0
Durham et al." 125 TAS + TVS 87 9 0
Wong et al.” 143 TAS 88 43 1
Studies with unclear criteria for [UP
Todd et al.” 215 TAS 78 66 1
Shih" 74 TAS + TVS 47 3 0

86 79.0 (73.0-83.9) 100.0 (95.7-100.0)
29 90.6 (83.1-95.0) 100.0 (83.3-100.0)
"1 67.2 (68.7-74.6) 91.7 (64.6-98.5)
73 54.2 (46.0-62.1) 98.5 (92.4-99.8)
24 94.0 (83.3-97.9) 100.0 (86.2-100.0)

Cl = confidence interval; FN = false negative; FP = false positive; IUP = intrauterine pregnancy; TAS = transabdominal sonography; TN = true negative; TP = true positive;

TVS = transvaginal sonography.

Table 3. Methodological quality of included studies using the QUADAS criteria

Study
QUADAS criteria Mateer etal.””  Durhametal.” Wongetal.”
1. Was the spectrum of patients representative of the patients who will receive Yes Yes Yes
the test in practice?
2. Were selection criteria clearly described? Yes Yes Yes
3. Is the reference standard likely to correctly classify the target condition? Yes Yes Yes
4. Is the time period between reference standard and index test short enough to Yes Yes Yes
be reasonably sure that the target condition did not change between the 2 tests?
5. Did the whole sample or a random selection of the sample, receive verification Whole Whole Whole
using a reference standard of diagnosis?
6. Did patients receive the same reference standard regardless of the index test No No No
result?
7. Was the reference standard independent of the index test (i.e., the index test Yes Yes Yes
did not form part of the reference standard)?
8. Was the execution of the index test described in sufficient detail to permit Yes Yes Yes
replication of the test?
9. Was the execution of the reference standard described in sufficient detail to Yes Yes Yes
permit its replication?
10. Were the index test results interpreted without knowledge of the results of the Unsure Unsure Yes
reference standard?
11. Were the reference standard results interpreted without knowledge of the Unsure Unsure No
results of the index test?
12. Were the same clinical data available when test results were interpreted as Yes Yes Yes
would be available when the test is used in practice?
13. Were uninterpretable/intermediate test results reported? Yes Yes Yes
14. Were withdrawals from the study explained? Yes Yes Yes

QUADAS = quality assessment tool of diagnostic accuracy studies.
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were evaluated either with EDTU or formal ultrasonog-
raphy. Nine studies were identified that examined the ef-
tect of EDTU use on time to diagnosis or treatment of
ectopic pregnancy, ED LOS or cost-effectiveness (Fig. 1).

Mateer and coworkers"

"This study is also included in the review of the diagnos-
tic accuracy of EDTU for IUP. An EDTU protocol was
used to evaluate first-trimester pelvic pain or bleeding.
The authors compared the proportion of missed ectopic
pregnancies in the 2 years before, and the 3 years follow-
ing initiation of the protocol. Of the 300 EDTU pa-
tients with complete data, 40 of these patients had an ec-
topic pregnancy as determined using formal sonography,
operative findings or clinical follow-up. The historical
control group included all 56 patients with ectopic preg-
nancy who were admitted through the ED in the 2 pre-
protocol years. The proportion of patients with an ec-
topic pregnancy who were discharged from the ED was
reduced from 43% preprotocol to 28% using the proto-
col. This effect was not statistically significant.

The proportion of patients with ectopic pregnancies
who were discharged from the ED and who had rup-
tured on surgical exploration was reduced from 21.4%
to 2.5% (p < 0.05). This study’s methodological
strengths included a relatively large patient sample with
only a small proportion lost to follow-up. However, pa-
tient identification and chart data abstraction methods
are not adequately described to allow assessment of
their validity and reliability.

Using this EDTU protocol, 11 of the 40 (27.5%) pa-
tients with ectopic pregnancy were discharged from the
ED. Although this represents fewer patients with ec-
topic pregnancy than in the preprotocol years, it is con-
cerning to see so many ectopic pregnancies missed. Pa-
tients erroneously discharged with ectopic pregnancies
had either EDTU findings classified as “abnormal
IUP” or had a nondiagnostic EDTU with a BhCG less
than 200 mIU/mL. This practice is not supported by
current guidelines, which recommend the use of strict
diagnostic criteria for identifying an IUP (i.e., intrauter-
ine gestational sac plus yolk sac or fetal pole).**

Rodgerson and coworkers'

This retrospective chart review examined the effect of
adding right upper quadrant (RUQ) views to the pelvic
EDTU. It included 37 patients who were admitted
through a single ED with ruptured ectopic pregnancy
and at least 400 mL of hemoperitoneum at the time of
surgery. Patients were identified using ED and hospital-
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wide patient databases. Data abstractions were per-
formed by 1 or 2 reviewers with a high degree of inter-
rater reliability ( = 0.90). Sixteen patients were exam-
ined with EDTU. All had positive findings of fluid in
the RUQ. The other 21 underwent formal ultrasonog-
raphy. Mean time to diagnosis was 139 minutes less for
those patients with RUQ free fluid that was identified
using EDTU (p < 0.0001). Mean time to surgery was
211 minutes faster for patients with free fluid identified
on EDTU (p < 0.0001). These results are not generaliz-
able to patients with unruptured ectopic pregnancies.
Furthermore, the reduction in time to diagnosis and
time to surgery may be a result of selection bias. The
EDTU group had mean systolic blood pressure mea-
surements 8 mm Hg lower than the formal ultrasonog-
raphy group, and, on average, 100-200 mL. more blood
in the peritoneum. Although groups were similar with
respect to heart rate, hemoglobin levels and transfusion
requirements, it may be that patients in the EDTU
group underwent surgery more quickly simply because
they were more hemodynamically unstable.

Blaivas and Bell"

This retrospective chart review examined data from
94 patients presenting to the ED with an ectopic preg-
nancy requiring surgical intervention. EDTU use in
24 patients decreased mean time to surgery by 2 hours
and 25 minutes, compared with 70 patients who were
evaluated with sonography in the radiology department
(95% CI 1 h 41 min to 3 h 9 min). Comparison groups
were similar with respect to the presence of hemoperi-
toneum, number of days in hospital and infection rates.
This report has only been published in abstract form,
and offers no additional information to allow assess-
ment of methodological quality.

Emergency department length of stay (1 randomized
controlled trial, 1 prospective study and 3 retrospective
studies)

Pierce and coworkers'®

In this randomized trial, a convenience sample of 63 he-
modynamically stable patients with first-trimester pelvic
pain or bleeding were randomly assigned to undergo
usual care or usual care plus EDTU (29 patients in each
arm). The primary outcome was ED LOS. Both groups
had similar diagnoses: 24 versus 21 IUPs, 3 versus 6 in-
trauterine fetal death and 2 versus 2 ectopic pregnancies
in the EDTU group versus the usual care group. Pa-
tients evaluated with EDTU had shorter mean ED
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stays by 2.1 hours (p < 0.0001), perhaps because of a
lower rate of gynecologic consultation. This study has
only been published in abstract form, limiting the eval-
uation of methodological quality.

Shih"’

This prospective, observational study enrolled 125 women
with pain or bleeding in the first trimester. Patients
were evaluated either with EDTU or with formal ultra-
sonography, depending on whether the attending emer-
gency physician was EDTU-credentialed. Physicians
were credentialed following 24 hours of training, in-
cluding 10 proctored scans. The authors of this study
chose to exclude 10 patients with ectopic pregnancies,
“... because their LOSs would be determined by many
other variables, independent of consultation status.”"’
None of the remaining 115 patients had an ectopic
pregnancy. The 48 patients evaluated with EDTU had
a mean ED stay 120 minutes shorter than the 67 pa-
tients who had ultrasonography procedures performed
by radiologists or obstetrics and gynecology consultants
(p < 0.001). The shorter LOS was not observed among
patients with nondiagnostic scans, or among patients
requiring consultation. In this nonrandomized study, it
is unclear whether patients’ presenting complaints, di-
agnoses or demographic characteristics were similar be-
tween EDTU and standard-care groups.

Blaivas and coworkers'®

This was a retrospective chart review of patients with
pelvic pain or bleeding in the first 12 weeks of pregnancy.
Only patients found to have an IUP were included in the
analysis. Patients were evaluated either with EDTU
(n = 277) or with sonography in the radiology depart-
ment (z = 1142), depending on whether their physicians
were EDTU-credentialed. Residents were credentialed
after completing a 2—4 week ultrasonography rotation.
Credentialing standards for attending physicians were
not described. Patients evaluated with EDTU had a
mean ED LOS 59 minutes shorter than those evaluated
with formal ultrasonography (95% CI 49-77 min,
p = 0.0001). This effect was more pronounced during
evening and weekend hours (the mean reduction in LOS
was 77 min, 95% CI 55-97 min), and was still significant
during daytime hours, with a mean reduction in LOS of
48 min (95% CI 35-71 min). It is unclear whether
EDTU and non-EDTU groups were similar with re-
spect to the presenting complaint, clinical stability or
other potential confounders. The only adjusted analysis
was the examination stratifying by time of day.
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Burgher and coworkers”

"This single-centre retrospective chart review examined
the records of 84 patients with first-trimester pelvic pain
or bleeding who presented during a 20-week period.
During the first 10 weeks of the study, patients requiring
pelvic ultrasonography underwent examination and
transvaginal sonography by obstetrics and gynecology
consultants. During the last 10 weeks of the study, pa-
tients had transvaginal sonography performed by emer-
gency physicians, who were credentialed following a
3-day course and 5 proctored scans. The 46 patients eval-
uated with transvaginal EDTU had a mean ED LOS
that was 70 minutes shorter than the 38 patients whose
ultrasonography procedures were performed by obstet-
rics and gynecology consultants (p < 0.0003). The distrib-
ution of diagnoses and sonographic findings was similar
between groups, including 5 ectopic pregnancies per
group, all of which were either identified on initial
EDTU, or obstetrics and gynecology sonography or
were admitted after having nondiagnostic initial sono-
grams. The methods for patient identification and chart
data abstraction were not described, leaving open the
possibility of missed patients and misclassification of data.

Jang and Aubin®

"This abstract describes a retrospective chart review of
patients with a gestation of less than 20 weeks who pre-
sented with bleeding or pain. Mean LOS for patients
evaluated using EDTU was 149 minutes shorter com-
pared with those patients whose ultrasonography proce-
dures were performed by obstetrics and gynecology
consultants, and 168 minutes shorter than those pa-
tients who were evaluated with both EDTU and ultra-
sonography procedures performed by obstetrics and gy-
necology consultants (both p < 0.05). There were no
missed ectopic pregnancies among patients evaluated
solely with EDTU. This study is published in abstract
form only and offers no additional information on sam-
ple size or other indicators of methodological quality.

Cost savings from EDTU use (1 randomized controlled
trial, 1 retrospective study)

Pierce and colleagues'

"This randomized trial, described above, compared LOS
and billed costs for patients randomly assigned to
groups receiving examination with usual care or usual
care with EDTU. The average billed charges were
US$391.17 less in the group evaluated with EDTU
($535.30 v. $926.47, p = 0.18). The comparison groups
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were similar with respect to the use of ancillary labora-
tory testing and patient satisfaction.

Durston and coworkers’

This was a retrospective chart review of all women with
ectopic pregnancy who were treated during a 6-year pe-
riod in a single ED. The study was divided into 3 time
periods during which different protocols for evaluation
of symptomatic first-trimester pregnancy were em-
ployed. During the first period, on-call ultrasound tech-
nicians were available, but emergency physicians were
discouraged from ordering formal ultrasonography
without obstetrics and gynecology consultation. During
the second period, on-call ultrasound technicians were
available with no restrictions on ordering formal ultra-
sonography from the ED. During the third period,
EDTU was employed. The study included 120 women
with ectopic pregnancy who were evaluated in the ED
and had complete data. There were no differences in
the proportion of patients with missed ectopic pregnan-
cies, or in time to treatment of ectopic pregnancy be-
tween these 3 protocols. Depending on the cost of
EDTU implementation, the authors estimated that
EDTU use in lieu of 24-hour on-call ultrasound tech-
nicians would save US$229-$1244 per case of ectopic

pregnancy.
DISCUSSION

This systematic review is the first to specifically exam-
ine the evidence describing the diagnostic accuracy and
clinical utility of EDTU in symptomatic first-trimester
pregnancy. Another systematic review, prepared for
Canadian Agency for Drugs and Technologies in
Health (CADTH), examined the diagnostic accuracy of
EDTU for intraperitoneal free fluid, abdominal aortic
aneurysm, pericardial fluid and ectopic pregnancy.”
This review included 2 studies that did not meet our in-
clusion criteria. One study employed unclear diagnostic
criteria for ITUP.” The other evaluated EDTU use in
multiple clinical scenarios rather than specifically exam-
ining EDTU use for first-trimester pain or bleeding.”
The authors generated summary statistics for the iden-
tification of ectopic pregnancy, including a positive like-
lihood ratio of 14.57 and a negative likelihood ratio of
0.08, indicating that EDTU is likely useful in identify-
ing and excluding ectopic pregnancy. However, this
pooled analysis was performed without testing for het-
erogeneity between studies. Moreover, the CADTH re-
view examined the diagnostic accuracy of EDTU for
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ectopic pregnancy, rather than for the identification of
IUP, which is how EDTU is taught and used in Cana-
dian EDs.

Our literature search identified 5 studies examining
the diagnostic accuracy of EDTU for IUP. Three of
these used diagnostic criteria for IUP that has been em-
ployed in practice guidelines* and taught in Canadian
EDTU courses.” The available evidence indicates that
EDTU is highly specific for the identification of IUP in
unselected ED patients with first-trimester pelvic pain
or bleeding. This is precisely the population in which
pelvic EDTU will be used. The excellent specificity of
EDTU for IUP means that patients with pelvic pain or
bleeding in the first trimester of pregnancy who have a
definite IUP on EDTU may be safely discharged from
the ED. Patients who do not have a definite IUP on
EDTU require formal ultrasonography, including radi-
ological assessment of the uterus and adnexae, specialist
consultation for further observation and care, or both.?

It is important that strict diagnostic criteria for JTUP
be used, namely the identification of an intrauterine
gestational sac with yolk sac or fetal pole. These criteria
are supported by current practice guidelines*’ and radi-
ology texts,” and taught in Canadian EDTU courses.”
Use of this precise definition of an IUP will limit the
potential for false-positive results such as an extrauter-
ine gestation or pseudogestational sac.***’

One possible pitfall of using EDTU to exclude ec-
topic pregnancy is the potential for missing a hetero-
topic twin pregnancy, which is the simultaneous gesta-
tion of an IUP and an ectopic pregnancy.’ The
prevalence of heterotopic twin pregnancies is estimated
between 1 in 3600 and 1 in 30 000 pregnancies,”* but
approaches 1 in 100 in patients who have achieved
pregnancy using assisted reproductive technologies.”
For these higher-risk patients, the identification of an
IUP using EDTU is not sufficient to exclude a hetero-
topic twin pregnancy. These patients should be further
evaluated with formal ultrasonography or specialist
consultation or both.

We were not able to perform pooled analyses of the
specificity or the sensitivity of EDTU for IUP because
of statistical heterogeneity between the selected studies.
Differences in credentialing standards and operator
ability may have contributed to this heterogeneity. Cur-
rent Canadian standards require 50 proctored scans of
each anatomical region (pelvis, aorta, pericardium, ab-
domen),”” whereas the reviewed studies required be-
tween 10 and 20. It is reassuring that emergency physi-
cians who were trained with fewer proctored scans were
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able to achieve a high specificity of EDTU for IUP.

Our systematic review identified evidence that the use
of EDTU in the evaluation of first-trimester complaints
may lead to improvements in quality of care. EDTU re-
duces the number of missed ectopic pregnancies dis-
charged from the ED and may decrease the time to
treatment of diagnosed ectopic pregnancies.'*'*"

Five studies indicated that ED'TU use in evaluating
first-trimester pain and bleeding reduces ED LOS, par-
ticularly for those patients found to have IUPs."**
These studies each have methodological flaws or report
insufficient data to demonstrate unequivocally that
EDTU use reduces LOS for patients with first-
trimester pain or bleeding. The finding of reduced
LOS, however, is consistent between all studies, and
makes clear intuitive sense, particularly for patients with
an IUP. Since first-trimester pain and bleeding are com-
mon ED presentations, this represents an important
potential decrease in ED patient LOS, leading to re-
duced wait times overall.

EDTU use in symptomatic first-trimester pregnancy
may result in overall cost savings.'*”' Although there are
substantial costs associated with implementation of
EDTU programs and physician training, potential cost
savings over formal ultrasonography for patients with
first-trimester pain or bleeding will likely favour wide-
spread adoption of EDTU wuse.

Limitations

Studies examining the diagnostic accuracy of EDTU
were required to meet predefined methodological crite-
ria, and to use the definition of IUP endorsed in prac-
tice guidelines*’ and taught in Canadian EDTU
courses.” As a result, 2 methodologically adequate stud-
ies that did not describe their criteria for IUP were ex-
cluded from our review.

We included studies using a combination of gold
standards, rather than a single gold standard such as
formal ultrasonography or surgical findings. Since not
all patients are treated operatively, and not all patients
will undergo formal ultrasonography, it is not realistic
to use any single gold standard. The composite gold
standard of formal ultrasonography results, surgical
findings or clinical follow-up is valid, reflects real life
emergency medicine and maximizes the number of pa-
tients with usable data.

Our systematic review may be vulnerable to publica-
tion bias. As EDTU has been adopted into emergency
practice, small quality-assurance studies were likely
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performed but not published. It is unclear whether non-
publication of preliminary studies might have caused us
to overestimate or underestimate the diagnostic accu-
racy of EDTU for IUP. We chose to include data from
both published studies and abstracts, in an effort to
limit publication bias in our assessment of the diagnos-
tic accuracy and clinical utility of pelvic EDTU .

CONCLUSION

Published evidence indicates that EDTU is highly spe-
cific for the detection of IUP in ED patients presenting
with first-trimester pelvic pain or bleeding. Patients
who have definite IUP identified by EDTU may be
safely discharged from the ED with outpatient follow-
up. There is consistent evidence that EDTU use lowers
ED LOS, reduces delays in the diagnosis and treatment
of ectopic pregnancy, and may decrease health care
costs. The findings of this systematic review strengthen
the argument for the routine use of EDTU in the eval-
uation of pelvic pain or bleeding in the first trimester of
pregnancy.
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