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Capnography in a Patient after Single Lung Transplantation

E. LYNNE WILLIAMS, M.B., B.S,, F.F.A.R.C.S.,* W. SCOTT JELLISH, PH.D., M.D.,} PAUL A. MODICA, M.D.,}
CALVIN C. ENG, M.D.,§ RENE TEMPELHOFF, M.D.T

Long-term clinical success has been achieved after sin-
gle lung transplantation (SLT) in humans with end-stage
pulmonary fibrosis and emphysema. After SL'T, patients
have a well-perfused, normally compliant allograft and
an abnormally compliant native lung with increased pul-
monary vascular resistance. In this case report, we present
capnography findings that illustrate these phenomena in
a patient who had recently undergone SLT.

CASE REPORT

A 58-yr-old man with progressive bilateral upper and left lower
extremity weakness due to spinal cord compression presented for an-
terior cervical discectomy. Three weeks earlier, he had undergone left
lung resection with SLT for severe emphysema. His posttransplantation
course was uneventful, except for an exacerbation of his long-standing
cervical cord symptoms. Prior to SLT, he required supplemental O,
whereas on the day before the proposed discectomy his respiratory
function had improved to the point that he was able to walk without
becoming dyspneic. At this time, his arterial blood gas (ABG) on room
air was: pH 7.40; CO, tension (Paco,) 47 mmHg; and O, tension
(Pao,) 95 mmHg. Ventilation-perfusion scintigraphy showed normal

ventilation and perfusion to the left lung, which contributed 73% of .

the total ventilation and received 80% of the total pulmonary blood
flow. In contrast, a marked decrease was found in the ventilation and
perfusion of the right lung (particularly in its upper two thirds), which
received 20% of the total pulmonary blood flow and contributed 27%
of the total ventilation.

One hour prior to surgery, the patient received diazepam 5 mg
orally (po), metoclopramide 10 mg po, and ranitidine 150 mg po. In
the operating room, topical anesthesia with Cetacaine® spray was ap-
plied to the mouth, pharynx, and right nostril. After sedation with
droperidol 5 mg intravenously (iv), diazepam 10 mg iv, and fentanyl
50 pg iv, transtracheal injection of 3 ml 4% lidocaine was performed.
Nasal fiberoptic tracheal intubation then was accomplished atraumat-
ically without alteration in the patient’s gross neurologic status. Anes-
thesia then was induced with thiopental 100 mg iv, fentanyl 200 ug
iv, and vecuronium 20 mg iv. Maintenance of anesthesia consisted of
isoflurane 0.1-0.3% end-tidal (ET), fentany! infusion 2 ug-kg—1-h—1,
and atracurium as indicated by ulnar nerve stimulation. Fiberoptic
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bronchoscopy showed that the surgical anastomosis of the allograft to
the left main bronchus was intact and was healing well.

Intermittent positive pressure ventilation was then initiated with an
Ohmeda II Plus® (Madison, Wisconsin) anesthesia machine at a tidal
volume (V) of 700 ml and a respiratory rate (RR) of 8 breaths per
min, which produced a peak inspiratory pressure (PIP) of 26 cmH,0.
Expiratory gases were monitored with a mass spectrometer (Ohmeda
6000 Multi-Gas Monitor®), At this time, the ET CO; tension
(PETco,) was 31 mmHg, and an unusual expiratory capnogram was
noted (fig. 1). An ABG analysis was performed at an inspired oxygen
fraction (Flo,) of 0.32 and revealed: pH 7.35; Paco, 51 mmHg; and
Pag, 217 mmHg. Shortly thereafter, at the same Flo, and V-r, the RR
was increased to 13 breaths per min. This increased the PIP to 33
c¢mH,0; decreased the ETcg, to 25 mmHg; and changed the capnogram
to that shown in figure 2. At this time, an ABG analysis showed: pH
7.45; Paco, 37 mmHg; and Pag, 137 mmHg. The RR then was de-
creased to the previous 8 breaths per min, which produced a capnogram
similar to that in figure 1. In addition, the PIP returned to its earlier
value of 26 cmH,0O.

Anterior discectomies were performed at the C4-C5 and G6-C7
levels without complication, and the patient made an uneventful an-
esthetic recovery. One week later his neurologic status was improved,
and evidence of cervical cord compression was decreased. His post-
transplantation pulmonary function remained stable.

DisSCUSSION

Biphasic capnogram waveforms secondary to severe
kyphoscoliosis' and mainstem bronchial intubation® have
been observed previously in patients in whom the pattern
of expiration, as determined by alveolar time constants,
was distinctly different in each lung. In our report, similar
capnographic findings produced by two different popu-
lations of alveoli are described in a patient after SL'T. As
shown in figure 1, we believe that the first peak represents
expired CO; from the allograft, which has normal com-
pliance, good perfusion, and good ventilation—perfusion
ratios (V/Q). The second peak most likely reflects expired
CO, from the native lung, because the slanted upstroke
is characteristic of the mismatched V/Q ratios and dif-
fering alveolar time constants in emphysema.** Indepen-
dent of the perfusion characteristics of the two lungs, the
differences in their compliance alone could account for
the observed biphasic capnogram, with the transplanted
lung emptying more rapidly and the more compliant na-
tive lung emptying last.

After an increase in RR, the capnogram showed only
a single curve (fig. 2). This probably represents prefer-
ential exhalation of CO; from the transplanted allograft
with minimal contribution of expired COg from the native
emphysematous lung. The increase in RR apparently
produced a decrease in both the Paco, and Pgrco,
— Paco, difference. This is consistent with increased al-
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veolar ventilation of the allograft and diminished dead
space ventilation in the native lung. In this case, as in
those of other reports of SL.T for emphysema, there was
decreased ventilation and perfusion in the native lung,
which directed ventilation and perfusion to the allo-
graft.>® Changes in these relationships usually are sec-
ondary to complications of the transplant, such as infection
or rejection,® and not to the change in RR, as we report
in this case.

The increase in RR led to an increase in PIP (although
there was no alteration in V) and surprisingly, also pro-
duced a decrease in Pag,. This decrease in Pag, was due
probably to increased V/Q mismatching associated with
hyperinflated areas in the native lung. In contrast to most
regions of the emphysematous lung, these hyperinflated
areas have low compliance, which can lead to an increase
in intrapulmonary pressure (as reflected by the observed
increase in PIP) when minute volume is increased.” If
airway pressure continues to increase in the emphyse-
matous lung, the loss of elastic recoil may also lead to
progressive air-trapping and breath-stacking, which can
rupture bullae or blebs. In addition, this “‘auto-PEEP”
effect produced by hyperinflation of the native lung also
may produce an increase in pulmonary vascular resistance
in these areas and a shunting of blood to the more normal
regions of the same lung, which may be relatively atelec-
tatic.

In recent years, the relative success of SLT in the treat-
ment of end-stage emphysema has been attributed to im-
provements in technique, more aggressive immuno-
suppression, and treatment of infection.® As SL'T becomes
more common, these patients will present for other forms
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FIG. 1. CO; tracings at a respiratory rate of

ch| 8 breaths per min and a tidal volume of 700 ml.
‘49 (Left) The trend of ETco, over the previous 20
Eell min. (Right) A biphasic capnogram at an ETco,
of 31 mmHg and a graph speed of 0.5 cm/s.

EtCOZ F1G. 2. CO, tracings at a respiratory rate of
26 13 breaths per min and a tidal volume of 700
= ml. (Left) The 20-min trend of ETco,, which has

1) been decreasing for approximately 10 min.

(Right) A normal-appearing capnogram at an
ETco, of 25 mmHg and a graph speed of 0.5
cm/s.

of surgery, as illustrated by this case. The capnograms in
figures 1 and 2 indicate that there are differences in re-
spiratory function between the native and allograft lungs,
such that there is preferential ventilation of the allograft.
Since the native lung requires more time for exhalation,
care should be taken to avoid high RRs and high inspi-
ratory to expiratory ratios when intermittent positive
pressure ventilation is administered to SL'T patients. This
may lead to breath-stacking and air-trapping and thereby
produce hyperinflation with possible collapse of the al-
lograft or rupture of emphysematous bullae with pneu-
mothorax.
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