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Case Summary

A 56-year-old woman with poorly controlled hyperten-
sion presented to the emergency department with aphasia,
right-sided weakness, and an arterial blood pressure of
250/130 mm Hg. A computed tomography scan revealed a
large left-sided cerebral hemorrhage. The patient’s neuro-
logic condition worsened and she was intubated and me-
chanically ventilated (7200 ventilator, Puritan-Bennett,
Pleasanton, California). On hospital day 3 her ventilator
settings were: continuous mandatory ventilation mode, fre-
quency 12 breaths/min, tidal volume 600 mL, fraction of
inspired oxygen (FIO2

) 0.35, peak inspiratory flow 70 L/min
with a decelerating flow pattern. During a routine venti-
lator check the peak inspiratory pressure was 15 cm H2O
and the total respiratory frequency was 18 breaths/min.
The pressure/time and flow/time curves from the ventila-
tor’s graphic monitor were unremarkable (not recorded). A
few minutes later the low inspiratory pressure limit (set at
10 cm H2O) alarmed; a quick inspection revealed no cir-
cuit leaks or disconnection. Figure 1 shows the ventilator’s
pressure/time and flow/time curves during that situation.
The curves in Figure 2 were recorded 5 minutes after those
in Figure 1.

Questions

1. What ventilation abnormalities are illustrated by the
pressure/time and flow/time curves in Figure 1?

2. What is the cause of these ventilation abnormalities?

Answers

1. The Figure 1 curves are shown again in Figure 3
with labels to help identify key points. The curves in
Figure 1 show slightly positive pressure late in the ex-
piratory phase (identified by downward arrows in Fig.
3) and a very low expiratory flow early in the expiratory
phase (identified by upward arrows in Fig. 3), which is
quite unusual, since this is when elastic recoil should be
greatest. Expiratory flow increases later in the expira-
tory phase, coinciding with positive airway pressure.
These expiratory pressure and flow patterns are caused
by breath-holding. As shown in Figure 4, this pattern
can be produced by temporarily clamping closed a test
lung at end-inspiration. Based on physical examination
the patient’s peak inspiratory pressure appeared to de-
crease because of increased inspiratory efforts during
fixed-volume controlled breaths (volume starvation).
Figure 2 shows a return of the previously observed pres-
sure/time and flow/time curves. Ventilation during the
recording of Figure 2 was passive, and the patient never
regained any spontaneous ventilatory activity.

2. The curves in Figure 1 represent an apneustic breath-
ing pattern caused by brainstem injury related to the pa-
tient’s cerebral hemorrhage.

Discussion

Apneustic breathing is a rarely observed ventilatory pat-
tern characterized by end-inspiratory breath holds, which
are sometimes followed by forced exhalations (see Fig. 5).
Marckwald is credited with the first description of apne-
ustic breathing, which he observed in rabbits that under-
went vagotomy and brainstem transection.1,2 Though a de-
rangement in the brainstem’s ability to terminate the
inspiratory cycle would seem obvious, the exact mecha-
nisms that create apneustic breathing are not clear. The
classic theory that apneustic breathing was exclusively due
to failure of the pneumotaxic center in the upper pons to
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inhibit the inspiratory-producing apneustic center in the
lower pons has been effectively refuted.2 In fact, apneustic
breathing has been reported in patients with various con-
ditions, including foramen magnum stenosis,2 brainstem

injury,3,4 multiple sclerosis,5 Rett syndrome,6 and of un-
known etiology.7 In this patient with massive cerebral hem-
orrhage it is reasonable to suspect that a pontine infarction
was the cause of apneusis. Stewart et al4 reported a case of

Fig. 1. Pressure/time and flow/time curves from the ventilator’s graphic monitor, recorded after a decrease in peak inspiratory pressure was
detected. Paw � peak airway pressure. V̇ � flow.

Fig. 2. Pressure/time and flow/time ventilator curves recorded 5 minutes after Figure 1 was recorded. Ventilation during the recording of
Figure 2 was completely passive, and the patient never regained any spontaneous ventilatory activity. Note the faint cardiogenic oscillations
on the expiratory flow/time tracings. Paw � peak airway pressure. V̇ � flow.

Fig. 3. Pressure/time and flow/time curves reproduced from Figure 1 with labels added to help identify key points. The pressure/time curve
shows slightly positive pressure late in the expiratory phase, indicated by downward arrows. The flow/time curve shows very low expiratory
flows early in the expiratory phase, indicated by upward arrows. Paw � peak airway pressure. V̇ � flow.
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apneustic breathing in a patient who had suffered a stroke;
an autopsy of the patient did reveal a pontine infarction.
After this episode of apneustic breathing, our patient never
regained any spontaneous respiratory activity, which would
suggest loss of brainstem function.
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Fig. 4. Simulated breath-holding by temporarily clamping closed a test lung at end-inspiration. The first ventilation cycle had no clamp
applied. The second ventilation cycle had a clamp applied at end-inspiration; once the clamp is released, expiratory flow produces positive
airway pressure. Paw � peak airway pressure. V̇ � flow.

Fig. 5. Examples of apneustic breathing patterns. Time is repre-
sented on the horizontal axis and amplitude (in arbitrary units) is
represented on the vertical axis. Top: Prolonged breath-hold fol-
lowed by a rapid exhalation. Middle: Regular breath-holds. Bot-
tom: Prolonged inspiration followed by rapid exhalation. (Adapted
from Reference 6, with permission.)
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