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This case report describes a patient with a subacute right-sided tension hemopneumothorax following
an occult stab. The patient’s electrocardiogram (ECG), performed as part of a standardized triage
process, demonstrated significant abnormalities that misguided initial resuscitation, but resolved
following evacuation of the tension hemopneumothorax. Tension pneumothorax is typically regarded
as an immediately life-threatening condition that requires emergent management with needle or tube
thoracostomy. However, we believe that subacute tension pneumothorax may be a rarely observed
clinical phenomenon and may lead to unique ECG findings. We believe that the ECG changes we
observed provided an early clue to the eventual diagnosis of a subacute tension pneumothorax and
have not been previously described in this setting. . [West J Emerg Med. 2010; 11(1):86-89].

INTRODUCTION

Tension pneumothorax is traditionally regarded as an
immediately life-threatening condition that requires emergent
management with needle or tube thoracostomy to prevent
hemodynamic collapse. However, a number of recent reports
have challenged this dogma.'* Instead of a homogeneous
disease state, there is likely a subset of clinically well-
appearing, hemodynamically stable patients in whom
respiratory failure progresses much more slowly due to their
ability to compensate through other mechanisms.> Therefore,
many, if not all, of the classic symptoms may be absent,
leaving only non-specific findings such as tachycardia and
tachypnea. In these patients, a confirmatory study, such as a
chest x-ray, echocardiogram or thoracic ultrasound, may be
indicated to rule out other causes of chest pain or shortness
of breath, confirm the diagnosis, and prevent unnecessary
intervention with invasive procedures.

While a subacute tension pneumothorax should be
readily seen on chest x-ray, electrocardiogram (ECG) changes
associated with pneumothorax are well described and may be
helpful in triggering recognition of the diagnosis in the event
of a delay in obtaining x-ray. Initial studies were conducted in
the 1920s when artificial pneumothorax therapy was used in
the treatment of tuberculosis.®!" More recently, numerous case
reports of ECG changes in the setting of predominantly left-

sided spontaneous pneumothorax and tension pneumothorax
have also been published. From these reports, a typical pattern
of reversible ECG changes in the presence of left-sided
pneumothorax has emerged: a rightward frontal QRS axis
shift with diminution of precordial R voltage, decreased QRS
amplitude, and T wave inversions in the precordial leads.!*!?
However, ECG changes due to right-sided pneumothorax,
tension pneumothorax, or hemothorax are largely non-
specific and are not as well described as those with left-sided
findings.!*'¢ In addition, to our knowledge, reversible changes
have not been previously noted in the literature. This may be
because they demonstrate less consistent findings on ECG,
have less pronounced ECG changes, or because right-sided
injury occurs less frequently.®!”-"?

CASE REPORT

A 46-year-old male with a past medical history only of
treated tuberculosis presented to our emergency department
(ED) via ambulance after being found lying in the hallway of
his apartment building. The paramedics did not find signs of
trauma at the scene. The patient was fully alert and oriented
and complaining of right-sided upper abdominal and chest
pain. He was afebrile with a blood pressure of 92/65mm
Hg, heart rate 89 beats/min, respiratory rate 24 breaths/
min, and an O2 saturation of 96% on room air. On repeat
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Figure 1. Initial elctrocardiogram showing left ventricular hypertrophy, hyperacute T waves, and a prolonged QT interval.

measurement, blood pressure and respiratory rate improved
spontaneously and remained stable throughout the remainder
of his ED course.On questioning, the patient was uncertain
of the duration of his pain but stated that he believed it began
upon awakening earlier in the morning. He denied associated
nausea, vomiting, dyspnea, fevers, chills, cough, recent illness,
or similar past episodes and was able to tolerate oral food
and fluids without difficulty prior to arrival. He denied taking
any medications and had no known drug allergies. His social
history was positive for alcohol and crack cocaine use, most
recently on the night prior to arrival.

Physical examination revealed a thin, middle-aged male
with bi-temporal wasting who was speaking easily and did not
appear to be in any distress. He had no obvious signs of recent
trauma. Of note, there was no blood visible on examination
of his skin, clothing, or stretcher. He had no jugular venous
distension, his trachea was midline, and his cardiovascular
examination was normal. However, the lung examination
revealed decreased breath sounds on the right and diffuse
abdominal tenderness with voluntary guarding that was
increased in the mid-epigastrium and right upper quadrant.
Peritoneal signs were absent, and the patient tested heme-
occult negative on rectal examination.

An initial ECG obtained at triage revealed a normal sinus
rhythm at 91 beats/min with a QRS axis of +75°nd a QT
interval (QTc) of 450ms. A large QRS voltage, prominent
peaked T waves in the lateral pre-cordial leads, and prominent
P waves inferiorly were also noted (Figure 1). Treatment
at triage was initiated with oxygen, aspirin, and nitrates.
Following physician evaluation, intravenous calcium was
administered despite no known history of renal insufficiency
or hyperkalemia and the patient was given morphine 2mg IV
with complete resolution of his pain. Following these early
interventions, a repeated ECG showed no change. A portable

Figure 2. Portable chest x-ray demonstrating a right-sided tension
hemopneumothorax

chest x-ray was then obtained, which revealed a right-sided
tension hemopneumothorax (Figure 2).

Additional physical examination at that time revealed a
healing 1cm linear laceration in the right posterior axillary
skin fold. No crepitus, erythema, bleeding, or dried blood was
present at or surrounding the site. When confronted, the patient
admitted to a stab wound with an unknown object three days
earlier. Thoracostomy was performed with immediate return
of 1200cc of dark, non-clotted blood, and he was admitted
to the hospital by the trauma service. Repeat ECG following
thoracostomy revealed resolution of the peaked T waves,
changes in the voltage of the P and QRS waves, a shortening
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Figure 3. Repeat electrocardiogram following chest tube placement

of the QTc, and a shift in the QRS axis (Figure 3). The patient’s
initial serum potassium was 3.9 mmol/L (normal 3.5-5.0 mmol/L),
and he did not develop any abnormalities in serum cardiac
markers during his hospitalization. Cardiac ultrasonography

was not performed. The chest tube was removed on the second
day without re-accumulation of the hemopneumothorax and the
patient was discharged on hospital day three.

DISCUSSION

At presentation, our patient was hemodynamically stable,
without respiratory distress, complaining of chest and abdominal
pain and, therefore, had an ECG performed as per triage protocols
leading to a delay in the diagnosis of his subacute tension
pneumothorax. One reason for this is that the initial ECG exhibited
many abnormalities that we believe are a result of his underlying
pathology. Among the most impressive changes noted were the
prominent T waves and prolonged QTc. Hyper-acute T waves
may be a normal variant or secondary to early repolarization,
but are also commonly seen in early myocardial ischemia, left
ventricular hypertrophy (LVH), and hyperkalemia.?® Therefore, our
initial therapy was aimed at resolving these common conditions:
nitrates, aspirin and oxygen for cardiac ischemia and calcium for
hyperkalemia. An interval ECG following these interventions
showed no significant change in T wave morphology, although
they did resolve following chest tube placement. Prior reports
of T-wave changes in the setting of a right-sided pneumothorax
or tension pneumothroax have revealed no change, decreased
amplitude, or inversion type-changes.**!'” However, prominent T
waves have not been previously demonstrated.

While a prolongation in the QTc may be due to a congenital
syndrome, it is also seen in CNS system disease, metabolic
syndromes (hypokalemia, hypocalcemia, hypothyroidism,
hypothermia), mitral valve prolapse, or with numerous classes
of pharmaceutical agents.” This finding has also been reported

in the setting of pneumothorax, although the degree of QT
prolongation does not necessarily correlate with the size.?! Of
note, our patient’s initial corrected QTc, as measured by Bazzett’s
Formula, was 450ms, which was decreased to 420ms following
evacuation of the tension pneumothorax.

Several possible mechanisms have been proposed to account
for the presence of reversible ECG changes in patients with a
right-sided pneumothorax. First, the pneumothorax may induce a
change in the anatomic position of the heart within the thorax. A
clockwise rotation of the heart around its long axis when viewed
from the apex has been described in association with right-sided
pneumothorax.*1%122 Therefore, the anterior portion of the
right ventricle rotates to the left and becomes more anterior,
closer to the left chest wall than the left ventricle. This changes
the position of the right ventricle relative to the ECG leads
and, therefore, influences findings on the ECG. Additionally, a
change in the intra-thoracic air mass may manipulate the ECG
tracing by shifting the heart within the thorax.®!?> Phasic
voltage variations or electrical alternans that resolve following
pneumothorax evacuation have been described, suggesting that
the position of the heart in the thorax may shift from beat-to-beat
or with respiration.’®*” Our patient’s initial chest x-ray (Figure
2) reveals a lateral shift of the heart within the thorax associated
with rotation of the mediastinal structures consistent with the
right, anterior, oblique position. Following placement of the
chest thoracostomy tube, the cardiac and mediastinal structures
revert to their normal anatomic position as seen on repeat chest
x-ray. Interestingly, however, our patient did not exhibit a left
axis deviation on the initial ECG as might be expected with
this anatomic shift, nor did he did have a relative rightward axis
deviation following evacuation.

Another potential influence on the ECG may be an elevated
pulmonary resistance created by the pneumothorax, leading to
acute right ventricular strain and the demonstration of findings
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