
t-PA Infusion for Undifferentiated,
Unresponsive PEA: Just Say No?

A B S T R A C T  &  C O M M E N T A R Y

Source: Abu-Laban RB, et al. Tissue plasminogen activator in cardiac
arrest with pulseless electrical activity. N Engl J Med 2002;346:1522-1528. 

Acute coronary thrombosis and pulmonary embolism (pe)
are considered common causes of cardiac arrest. This random-

ized, double-blind, placebo-controlled trial was conducted to eval-
uate the effect of the administration of tissue plasminogen activa-
tor (t-PA) during cardiopulmonary resuscitation (CPR) in adults
with undifferentiated pulseless electrical activity (PEA). Patients
were eligible for inclusion if they were older than 16 years and
had more than one minute of PEA that was unresponsive to initial
therapy outside the hospital or in the emergency department. All
patients underwent endotracheal intubation, received 100% oxy-
gen, and were given 500 mL of normal saline and 1 mg of epi-
nephrine intravenously. 

Patients randomly were assigned to receive 100 mg of t-PA or
placebo intravenously over a 15-minute period during CPR. The
infusion was completed regardless of whether a pulse developed,
and standard resuscitation efforts were continued for a minimum of
15 minutes after the infusion was completed. Further treatment was
at the discretion of the CPR leader and the decision to administer
heparin, aspirin, or both was at the discretion of the attending physi-
cian. The primary outcome was survival to hospital discharge. 

A total of 1583 patients with cardiac arrest were treated; 756 had
PEA, 289 were eligible, and 233 were enrolled (117 in the t-PA
group and 116 in the placebo group). Baseline characteristics of the
patients in the two groups were similar, and there were no signifi-
cant differences between the groups with respect to variables pre-
dictive of survival, including the initial rhythm, witnessed collapse,
and bystander performance of CPR. 

One patient in the t-PA group survived to hospital discharge,
compared to none in the placebo group (absolute difference between
groups, 0.9; 95% CI, -2.6 to 4.8; p=0.99). There was return of spon-
taneous circulation in 21.4% in the t-PA group and 23.3% in the
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placebo group (absolute difference between groups, 
-1.9; 95% CI, -12.6—8.8; p=0.85). Autopsies were done
in 42 patients (18%), with death attributed to a cardio-
vascular cause in 25 patients (59.5%), hemorrhage in
four patients (9.5%), and PE in one patient (2.4%); the
remainder were attributed to miscellaneous conditions.

■ COMMENTARY BY STEPHANIE B. ABBUHL, MD,
FACEP
Up until this point, there had been no randomized,

controlled trial to evaluate the potential effects of a
thrombolytic agent in cardiac arrest, despite several
small studies (case reports and case series) suggesting a
promising role.1 Unfortunately, in an answer to this call,
this methodologically sound study by Abu-Laden and
colleagues found no evidence of a beneficial effect of t-
PA in patients with cardiac arrest and PEA of unknown
cause. 

There are some limitations to the study that should be
noted. The median time from the collapse of the patient
to the time of the infusion was 35 minutes, and it is pos-
sible that earlier administration of t-PA could have led to
different results. It also is possible that a bolus fibrinolyt-
ic agent (not available when the study was designed), as
opposed to a 15-minute infusion, might have made a dif-
ference in the outcome of the thrombolytic group. 

Despite these limitations, the fundamental question of
the use of thrombolytics in undifferentiated PEA patients
has been dealt a significant blow. With the number of
subjects used in the two groups, the 95% confidence
intervals reliably exclude a t-PA-related increase in the
rate of survival to hospital discharge of more than 4.8%.
It remains possible that t-PA could have a small effect,
but a much larger study would be needed to detect this.

The use of t-PA or another thrombolytic agent in spe-
cific subgroups remains unclear and in need of further
study. In a recent review, the authors examine the litera-
ture where thrombolytic agents have been associated
with remarkably successful outcomes, and point out that
over half the cases were in patients with strongly sus-
pected PE.1 Based on the small number of autopsies
done in this study (18%), it is hard to generalize about
the true number of PEs that are the cause of PEA, but
only a single PE among the autopsies was somewhat sur-
prising. The use of t-PA in patients with PEA and a high
suspicion for PE should continue to be considered.   ❖

Reference
1. Newman DH, et al. Cardiac arrest and the role of

thrombolytic agents. Ann Emerg Med 2000;35:472-480. 

Highlights from SAEM 2002:
ED Overcrowding—New
Research on an Old Problem
A B S T R A C T  &  C O M M E N T A R Y

The following are brief summaries of three abstracts
presented recently at the Society for Academic Emer-
gency Medicine 2002 annual meeting in St. Louis.

Source: Asplin BR, et al. Measuring emergency department
crowding and hospital capacity. Acad Emerg Med 2002:9;366.

The authors attempt to develop a reproducible
measure of emergency department (ED) crowding

that correlates with outcomes. Using a prospective
method, they collected ED and hospital capacity data at
two urban teaching hospitals during eight randomly
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selected 24-hour periods. Data include ED volume,
patient acuity, ED boarding of inpatients, staffed inpa-
tient bed capacity, waiting times to see a physician, and
provider ratings of ED crowding using a rating scale.
They also recorded ambulance diversion episodes and
patients leaving without being seen (LWBS), and then
analyzed the correlation between measures of ED
crowding and these outcomes. Their analysis showed
that two measures correlated with ambulance diversion:
ED occupancy and an acuity-adjusted measure of ED
census. Three measures correlated with LWBS—ED
boarding burden (the percent total ED bed hours used to
board inpatients), hospital census, and waiting times to
see a physician. The authors conclude that their mea-
sures of ED crowding correlate with important outcomes
such as ambulance diversion and patients LWBS, and
suggest that validation at other sites is required. 

Source: Schull MJ, et al: Nurses, patients, and physicians:
An analysis of causes of emergency department overcrowd-
ing. Acad Emerg Med 2002:9;367.

This study from Toronto defined ED over-
crowding as ambulance diversion and used statistical

techniques to examine the association between this and
nurse hours, physicians on duty, and admitted patients
held in the ED. Other variables examined included
ambulance, walk-in, and major trauma patient volume;
admitted patient volume; average time for assessment
and disposition; time of day; and day of week. The study
period included 37,999 patients with the following char-
acteristics: 2% were trauma patients, 16% arrived by
ambulance, and 22% were admitted. ED nurse hours per
eight-hour interval averaged 60, but varied by three-fold.
A mean of 3.2 admitted patients were held in the ED
each interval. For admitted patients, the time from regis-
tration to admission order (assessment time) and from
admission order to ED departure (holding time) aver-
aged 5.2 and 3.5 hours, respectively. The authors deter-
mined that ED nurse hours and specific physicians on
duty were not associated with overcrowding. The num-
ber of admitted patients held in the ED (p=< 0.001),
number admitted per interval (p=0.04), assessment time
(p=0.008), and holding time (p < 0.001) all were associ-
ated with overcrowding. Ambulance patients were asso-
ciated with overcrowding (p < 0.001), but walk-in
(p=0.2) and major trauma patients (p=0.4) were not. The
authors conclude that, while a minority of patients are
admitted, they contribute disproportionately to over-
crowding. Furthermore, they observe that reducing the
volume of walk-in patients is unlikely to lessen over-
crowding.

Source: Richardson DB. Occupancy with inpatients indepen-
dently predicts decreased ED performance. Acad Emerg Med
2002:9;507.

This Australian study examines the hypothesis
that ED occupancy with inpatients interferes with

ED function. The author completed a retrospective
observational study of all 50,836 presentations to a ter-
tiary ED during 52 weeks in 2000. The ED register was
used to determine the number of patients waiting to be
seen and the number of patients being seen who required
admission at the time of each presentation. The author
determined that relative occupancy with inpatients at any
time is a negative predictor of ED waiting time perfor-
mance, independent of the number waiting to be seen—
and that performance was affected mainly in the less-
urgent triage categories. 

■ COMMENTARY BY RICHARD J. HAMILTON, MD,
FAAEM, ABMT
Like most ED physicians, I have spent my entire

career in emergency medicine considering the issue of
overcrowding, from urban university to suburban com-
munity hospitals in both New York and Philadelphia. We
all have wild theories (full moon) and sociologic consid-
erations (payday Friday). The crisis is worsening, and I
know of no ED that is witnessing a decrease in over-
crowding, even if its census is the same. Everyone at the
table of leadership has an antagonistic theory. Hospital
administrators suggest that nurse staffing levels are ade-
quate and appropriate for the annual volume. ED physi-
cians feel nursing staff levels are too low to support an
efficient practice, and the nursing staff feel they are
stretched to the limit. Everyone is right, and they all are
at their wits’ end. 

It is exciting to see that research regarding overcrowd-
ing finally is gaining momentum. I counted at least a
dozen abstracts on that subject at this year’s SAEM
meeting. Above are three particularly illustrative, well-
conceived, and well-executed studies that I will share
with my hospital administration. Each attempts to define
overcrowding and how it affects the ED; factors that
contribute to overcrowding are identified, and—perhaps
most important—other factors that do not contribute to
overcrowding are described. 

What do the authors find? Boarding patients in the
ED is the key determinant for overcrowding. Factors
which impact this (e.g., hospital inpatient census) are
markers for this particular problem. Prolonged patient
evaluation by the ED and admitting services also con-
tribute to overcrowding. When more ambulances arrive,
the ED is more likely to become overcrowded. Other,
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more minor determinants include patients admitted over
a narrow time interval. What does not contribute to over-
crowding? Which physician is practicing, what the nurse
staffing levels are for that particular shift, and how many
walk-in patients have registered. A steady, determined
effort of precisely identifying the causes of ED over-
crowding is the first step in identifying the real problems
and their solutions, and in avoiding the misleading mis-
conceptions that only perpetuate the problem.   ❖

Special Feature
Post-Exposure Prophylaxis
for Needlesticks and Other
Occupational Exposures
By Theodore C. Chan, MD, FACEP

Despite awareness of universal precautions,
occupational exposures to blood and body fluids

remain a constant threat to health care personnel (HCP).
A growing number of HCP have reported at least one
percutaneous exposure.1 One group found that more
than half of EPs surveyed reported an occupational
blood exposure in the recent past.2 In addition, the ED
often serves as the after-hours access point-of-care for
occupational exposures. Staff may not be familiar with
what constitutes a high-risk exposure, or the benefits and
risks of post-exposure prophylaxis (PEP).3 In recogni-
tion of these complexities, the Centers for Disease Con-
trol and Prevention (CDC) published exposure guide-
lines in 1998, and an update of these guidelines in 2001
(available at www.cdc.gov/mmwr/PDF/RR/RR5011.pdf).4,5

These guidelines focus on three main risks—namely, the
transmission of human immunodeficiency (HIV),
hepatitis B (HBV), and hepatitis C (HCV) viruses.

Overall Risk and General Approach
The first step in caring for an exposed person is to

wash the involved wounds and skin with soap and water.
Water also should be used to flush any sites of mucous
membrane (MM) exposure. There is no proven benefit to
antiseptics, disinfectants, or caustic agents. In addition,
debridement or attempts to express fluid by squeezing or
suctioning has no utility.6 Overall risk of transmission
depends on multiple factors, including HCP status, body
fluid(s) involved, type of exposure, and source status (if
known).

HCP Exposed. At-risk personnel include any
employee, student, clinician, public safety worker (e.g.,

emergency medical service [EMS] personnel), volun-
teer, or other individual who has contact with patients or
their blood or body fluids in the health care, laboratory,
or public safety setting. Information should be obtained
on whether the individual received a full HBV vaccina-
tion series and his or her response status. In addition,
baseline HBV, HCV, and HIV immunity status should be
assessed.

Fluid/Tissue Exposure. Blood and body fluids con-
taining visible blood have the highest risk of transmis-
sion. Semen and vaginal secretions are considered
potentially infectious. Cerebrospinal, synovial, pleural,
peritoneal, pericardial, and amniotic fluid carry an
unknown risk, but also are considered potentially infec-
tious. On the other hand, feces, nasal secretions, saliva,
sputum, sweat, tears, urine, and vomitus are not consid-
ered infectious unless they contain blood.

Types of Exposure. Percutaneous exposures, such as
needlesticks or cuts with sharp objects, carry a higher
risk of transmission than other exposures. Contact with
blood or other potentially infectious fluids on MM or
non-intact skin (e.g., open wound, skin abrasion,
chapped skin, or dermatitis) also represents a potentially
infectious exposure. Bites must be considered a risk for
both the individual bitten and the person who inflicted
the bite. Finally, laboratory personnel in direct contact
without barrier protection to materials with concentrated
virus also must be considered at increased risk.5

Source Status. If the source is known, information
should be assessed regarding history of HIV, HBV, and
HCV infection. If unknown, the source person should be
informed of the incident and serologic testing per-
formed. If the source cannot be tested, an assessment of
the specific circumstances and epidemiology of the
exposure should be conducted to determine overall risk.
Testing of needles and other sharp instruments involved
in the exposure is not recommended.
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Table 1

PEP Agents for Occupational HIV Exposure

NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS (NRTIS)

• Zidovudine (AZT, ZDV) • Didanosine (ddI)

• Lamivudine (3TC) • Abacavir (ABC)

• Stavudine (d4T)

NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS (NNRTIS)

• Nevirapine (NVP) • Delavirdine (DLV)

• Efavirenz (EFV)

PROTEASE INHIBITORS (PIS)

• Indinavir (IDV) • Saquinavir (SQV)

• Nelfinavir (NFV) • Amprenavir (AMP)

• Lopinavir/ritonavir (Kaletra) • Ritonavir (RTV)



HIV Risk and PEP
The overall risk of HIV transmission by percutaneous

and MM exposure from an HIV-infected source remains
quite low (estimates of 0.3% and 0.09% transmission
rates, respectively).7,8 As of June 2000, the CDC had
documented 56 cases of HIV seroconversion after occu-
pational exposures, and reported another possible 138
cases.9 Risk of transmission increases with the quantity
of blood involved (e.g., when the needle or device is vis-
ibly contaminated with blood), and with the depth of
injury.10 In addition, the status of the source also may
affect transmission, as those with terminal disease carry
higher viral loads and possibly more infectious strains.

The goal of PEP is to interrupt viral replication early
after exposure, during the so-called “window period”
prior to systemic infection. Within the first 24-48 hours
after exposure, the virus infects dendritic-like cells and
migrates to regional lymph nodes, leading to extensive
viral replication. Early therapy may interrupt this initial
infection, viral replication, and proliferation.5 Although
definitive studies are limited, benefit of PEP has been
demonstrated in animal studies; human studies of mater-
nal-infant transmission where PEP reduced transmis-
sion; and smaller, retrospective, case-control studies in
which PEP reduced the transmission after occupational
exposure by 81%.10,11

Occupational HIV PEP has been in use since 1988.12

The development of new antiretroviral medications has
altered the PEP regimen over time. There are three main
classifications of PEP medications. (See Table 1.) Each

has significant toxicities, including nausea and diarrhea
(nucleoside reverse transcriptase inhibitors [NRTIs]),
hyperglycemia, dyslipidemia (protease inhibitors [PIs]),
severe skin reactions (non-nucleoside reverse transcrip-
tase inhibitors [NNRTIs]), nephrolithiasis (indiavir
[IDV]), pancreatitis (didanosine [ddI]), hepatotoxicity
(nevirapine [NVP]), and a potentially fatal hypersensi-
tivity reaction that presents like a viral syndrome (aba-
cavir [ABC]).

The CDC has defined two levels of PEP: a basic two-
drug regimen (often a combination of NRTIs such as azi-
dothymidine [AZT] and 3TC, known by the trade name
Combivir), and an expanded three-drug regimen in
which an additional NNRTI or PI is included. The com-
position of the basic and expanded regimens should be
determined in consultation with local community HIV
experts when developing a PEP program. The decision
on which therapy to recommend—basic, expanded, or
no regimen at all—depends on both the exposure type
and source status. (See Table 2.) PEP generally is given
for four weeks; monitoring of adverse effects, including
serologic monitoring (e.g., complete blood count, liver
profile, renal function) is recommended. A website has
been developed to assist clinicians in the management of
exposures (www.needlestick.mednet.ucla.edu/help/
conting.htm).13

While pregnancy is not a contraindication to PEP,
exposed women must be counseled on the potential risks
of both HIV transmission and PEP toxicity to the fetus
(e.g., efavirenz is contraindicated in pregnancy). All
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Table 2

HIV PEP for Occupational Exposures

Percutaneous—

less severe

Percutaneous—

more severe

MM or non-intact

skin—small volume

MM or non-intact

skin—large volume

HIV Positive, Class 1

Recommend basic

2-drug

Recommend 

expanded 3-drug

Consider basic

2-drug

Recommend basic

2-drug

HIV Positive, Class 2

Recommend 

expanded 3-drug

Recommend 

expanded 3-drug

Recommend basic

2-drug

Recommend 

expanded 3-drug

HIV Status Unknown

No PEP warranted; but

consider basic 2-drug if

source with HIV risk

factors

As above

As above

As above

Unknown Source

No PEP warranted; but

consider basic 2-drug if

setting such that expo-

sure to HIV-infected 

persons is likely

As above

As above

As above

HIV Negative

No PEP warranted

As above

As above

As above

EXPOSURE                                                                                      SOURCE STATUS

Key

HIV Positive Class 1: Asymptomatic or known low viral load (< 1500 RNA copies/mL); HIV Positive Class 2: Symptomatic HIV, AIDS, acute seroconversion,

high viral load; Percutaneous—less severe: Solid needle, superficial injury; Percutaneous—more severe: large-bore hollow needle, deep puncture, visible blood

on device, or needle used in artery or vein; MM: Mucous membrane; MM/Skin—small volume: few drops, etc.; MM/Skin—large volume: major blood splash, etc.
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exposed individuals should be referred for follow-up,
generally within 72 hours, for additional education and
counseling. At that time, PEP can be adjusted or halted
based on additional information obtained, such as source
testing results. HIV antibody screening should be per-
formed at baseline, six weeks, 12 weeks, and six months.

There has been a growing concern regarding the
potential impact of resistant strains on PEP failure.3 The
decision to alter PEP to address potential viral resistance
can be done at follow-up; it should be made in conjunc-
tion with expert consultation, and should not delay the
initiation of PEP. The National Clinicians’ Postexposure
Prophylaxis Hotline (PEPline) is available 24 hours a
day for consultation on any complex PEP cases (1-888-
448-4911; www.ucsf.edu/hivcntr). 

HBV Risk and PEP
Despite the HBV vaccine, HCP have a much higher

rate of infection than the general population and HBV
remains a well-recognized occupational risk.14 After per-
cutaneous injury, the risk of developing clinical hepatitis
is 22-31% (and serologic evidence of infection 37-62%)
when the source is both HBsAg-positive and HBeAg-
positive. Those risks drop to 1-6% and 23-37%, respec-
tively, for HBsAg-positive-only sources.15 Blood expo-
sure remains the chief means of transmission. Other
body fluids, such as cerebrospinal fluid, saliva, urine,
and breast milk are not efficient vehicles of transmission.
However, HBV has been demonstrated to survive in
dried blood on environmental surfaces for up to one
week, and occupational transmission has been docu-
mented from such contact.16

PEP with multiple doses of hepatitis B immunoglobu-
lin (HBIG) has been shown to reduce the risk of trans-
mission by 75% if administered within one week of
exposure.17 Recommended regimens with HBIG, vacci-
nation, or both depends on the exposed HCP immunity
status, as well as the source HBsAg status. (See Table 3
for detailed recommendations on HBV PEP). Both HBIG
and the hepatitis vaccine are considered safe in pregnan-
cy, with few associated adverse effects. As with HIV
exposures, HCP should be referred for follow-up testing
and counseling.

HCV Risk and PEP
The risk of transmission of HCV through occupa-

tional exposure is lower than HBV. The incidence of
seroconversion after percutaneous exposure from an
HCV-positive source is 1.8%. Transmission is rare with
MM exposures and no documentation of transmission
from skin contact has been reported.5 There has been
no proven benefit to prophylaxis with either
immunoglobulin or antiviral medications (e.g., interfer-
on or ribavarin) to reduce the risk of transmission. As
such, the CDC currently does not recommend the
administration of PEP for HCV exposures. Manage-
ment should include source testing for anti-HCV, base-
line testing of the exposed individual for anti-HCV as
well as liver profile, and referral for close follow-up,
monitoring, counseling, and education given the risk of
HCV seroconversion and potential for developing liver
disease over time. ❖
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HBV and Recommended PEP

Unvaccinated

Previously vaccinated 

—Known responder

(those with prior HBV

infection are immune

and require no Rx)

Previously vaccinated

—Known non-respon-

der

HBIG x 1 and

initiate HB

vaccine series

No treatment

HBIG x 1, 

initiate revac-

cination

OR

HBIG x 2

(preferred for

those who

failed to

respond to 2nd

vaccine series)

Initiate HB

vaccine series

No treatment

No treatment

Initiate HB

vaccine series

No treatment

If high risk

source, treat as

HBsAg-

positive

Vaccination and Anti- HBsAg- HBsAg-
body Status of Exposed positive negative Unknown/NA

Key: HBsAG=Hepatitis

B surface antigen;

HBIG= Hepatitis B

immunoglobulin
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Physician CME Questions
7. All of the following statements regarding the study by 

Abu-Laban et al about the use of t-PA in patients with PEA
are true except:
a. It is possible that there is a t-PA-related absolute improvement

in the rate of survival to hospital discharge of less than 4.8%.
b. It is possible that if the t-PA had been given earlier in the PEA

protocol, there might have been an improvement in the rate of
survival to hospital discharge. 

c. It is possible that if the study had looked at return of sponta-
neous circulation, there might have been an improvement in
the t-PA group. 

d. It is possible that if the study had used a bolus agent instead of
a 15-minute t-PA infusion, there might have been an improve-
ment in the rate of survival to hospital discharge. 

8. Which of the following has been found to be a factor that 
contributes to ED overcrowding?
a. Years of experience of attending ED staff on duty
b. Earlier time period in the academic year
c. Particular ED staff physician on duty
d. Time to admission decision

9. Which of the following is an inappropriate pairing of an 
anti-HIV agent and a major side effect?
a. Indinavir/nephrolithiasis
b. Abacavir/viral-like hypersensitivity syndrome
c. Didanosine/pancreatitis
d. Lamivudine/syndrome of inappropriate secretion of anti-

diuretic hormone (SIADH)

10. All of the following transmittable viral infections must be 
considered in the management of occupational needlestick
injuries, except:
a. Hepatitis A virus
b. Hepatitis B virus
c. Hepatitis C virus
d. Human immunodeficiency virus

11. Which of the following is true regarding HIV post-exposure
prophylaxis (PEP)?
a. Antiretroviral therapy with zidovudine (ZDV) is adequate as a

basic PEP regimen for most low-risk exposures.
b. If HIV resistance is a concern, PEP should be delayed for at

least two weeks, until source testing is completed.
c. The standard course of PEP for exposures in which it is 

indicated is four weeks.
d. PEP is strictly contraindicated in women who are pregnant or

breastfeeding.

12. Post-exposure prophylaxis after occupational exposure to 
contaminated blood has not been found to be effective for 
prevention of:
a. human immunodeficiency virus.
b. hepatitis B virus.
c. hepatitis C virus.
d. None of the above (All possibly can be prevented with post-

exposure prophylaxis.)

CME Objectives

To help physicians: 

• Summarize the most recent significant emergency medicine-related 

studies;

• Discuss up-to-date information on all aspects of emergency medi-

cine, including new drugs, techniques, equipment, trials, studies, 

books, teaching aids, and other information pertinent to emergency 

department care; and

• Evaluate the credibility of published data and recommendations.



Clinical Scenario: The tachycardia recorded in the 12-
lead ECG shown in the Figure was obtained from a 73-
year-old woman who presented with shortness of breath.
What is the rhythm most likely to be? 

Interpretation: The first step in determining the car-
diac rhythm on any 12-lead ECG is to examine the rhythm
strip. A lead II rhythm strip is seen at the bottom of the 12-
lead tracing shown here, obtained simultaneously with the
recording of the ECG. Lead II generally is preferred as the
best single lead for rhythm determination because P
waves usually are seen most easily in this lead, and
because by definition P waves must be positive in lead II
for there to be sinus rhythm (unless there is lead misplace-
ment or dextrocardia).

The lead II rhythm strip in this Figure manifests a rapid
and nearly regular rate. The most helpful clue for determin-
ing the rhythm lies with the brief pause that is seen toward
the end of the tracing (this is the somewhat longer R-R
interval between the 5th and 6th to last complexes on the
rhythm strip). Atrial activity is clearly lacking except during
this pause. Close attention to the baseline during the pause
reveals the presence of three negative, small amplitude

deflections that are regularly spaced from one another in a
gentle sawtooth pattern at a rate that is close to 300/minute
(the first negative deflection is just before the T wave in the
pause; the other two follow the T wave). These signs of atri-
al activity occurring at a rate that is close to 300/minute
strongly suggest that the underlying rhythm is atrial flutter.
With the possible exception of lead V1 (in which intermit-
tent notching in various parts of the ST segment may repre-
sent flutter activity), this would mean that atrial flutter activ-
ity (at an atrial rate just under 300 bpm with 2:1 AV conduc-
tion) is hidden throughout the rest of the tracing. One might
seek to confirm this theory by noting the response to a vagal
maneuver and/or from empiric use of adenosine.

There are two take-home messages from interpretation
of this ECG: 1) atrial flutter is by far the most commonly
overlooked cardiac arrhythmia. As a result, one always
should maintain a high index of suspicion for this arrhyth-
mia (always assume that the cause of a regular SVT at a rate
that is close to 150 bpm is atrial flutter until proven other-
wise); and 2) when confronted with a difficult-to-interpret
tachycardia—look to any pause that may be present in the
rhythm for clues to the etiology of the arrhythmia.   ❖
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ECG Review
A Clue in the Pause

Figure. 12-lead ECG obtained from a woman with dyspnea.
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