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Abstract
This report presents data on late dead space fraction

(fDlate) of a patient submitted to surgical pulmonary
embolectomy. Pulmonary thromboembolism (PTE) was
diagnosed by echo-Doppler ultrasound of the lower limbs,
lung scintigraphy, computerized helical tomography and
angiography. The fDlate was calculated based on volumetric
capnography as well as on arterial blood gases according to
ERIKSSON et al. [1]. Preoperative fDlate value was 0.16, and
was considered positive for the diagnosis of PTE, because it
was higher than the cut-off point of 0.12. Postoperative fDlate
value was - 0.04, which was below 0.12 and was characterized
as negative. The agreement of fDlate with the image results
confirms the validity of this new, noninvasive diagnostic tool.

Descriptors: Pulmonary embolism. Pulmonary gas
exchange. Capnography.

Resumo
Este relato de caso apresenta os resultados da fDlate

(fração tardia de espaço morto) em um paciente submetido a
embolectomia por tromboembolismo pulmonar (TEP). O TEP
foi diagnosticado por ultrassonografia ecodoppler de membros
inferiores, cintilografia pulmonar, tomografia helicoidal
computadorizada e arteriografia pulmonar. O cálculo da
fDlate se baseou na capnografia volumétrica e na gasometria
arterial de acordo com ERIKSSON et al. [1]. A fDlate pré-
operatória foi de 0,16 e foi considerada positiva por estar
acima do valor de corte de 0,12. A fDlate pós-operatória foi de
- 0,04, um valor inferior ao valor de corte de 0,12 e foi
caracterizada como negativa. A correlação da fDlate com os
resultados de imagem confirma a validade desta nova
ferramenta diagnóstica não-invasiva.

Descritores: Embolia pulmonar. Troca gasosa pulmonar.
Capnografia.

Fração tardia do espaço morto (fDlate) antes e após embolectomia pulmonar

Late dead space fraction (fDlate) before and after
pulmonary embolectomy
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INTRODUCTION

It is known that unexpected deaths can occur due to
pulmonary thromboembolism (PTE) and that anticoagulation
is frequently effective in reducing the possibility of a new
embolic event and death. For this reason, in patients with
suspicion of PTE noninvasive and disposable methods
incorporated as part of the bedside evaluation are desirable.
Bedside techniques developed to evaluate patients with
PTE, are based on some respiratory parameter derived from
the alveolar dead space. But, these variables have some
limitations because of the difficulties in differentiating
patients with PTE and other chronic obstructive pulmonary
diseases (COPD). To overcome these difficulties, ERIKSSON
et al. [1] described a graphic method to extrapolate the arterial-
alveolar gradient (P(a-etCO2) to a late effective expiration.
They named this variation the late dead space fraction
(fDlate). The authors performed a study of 38 patients
suspected as suffering PTE and observed the fDlate greater
than 0.12 in normal people, while patients with COPD had a
fDlate of less than 0.12. In this report it was possible to
correlate the imaging results with fDlate before and after
surgical thromboembolectomy.

CASE REPORT

This report is on a 69-year-old man, who arrived in the
intensive care unit from a secondary hospital, where he had
been hospitalized for one week diagnosed with dyspnea,
palpitations and a dry cough. He presented with an
arrhythmic pulse, tachycardia and slight hepatomegaly in
the physical examination. Measurement of arterial blood
gases revealed significant hypoxemia (PaO2 = 48.8 mmHg)
and hypocapnia (PaCO2= 31mmHg).

Atrial fibrillation with a deviation of the axis to the right
(+ 60 degrees) was evidenced by electrocardiography. An
echocardiogram demonstrated a moderate increase of the
right ventricle and pulmonary artery hypertension (systolic
pressure assessed at 76 mmHg). With the earlier diagnostic
hypothesis of PTE, anticoagulation was initiated using non-
fractionated heparin. Patient was maintained under oxygen-
therapy using a Venturi mask.

Ventilation/perfusion lung scintigraphy showed emboli
in multiple regions (Figure 1). The computerized helicoidal
tomograph (CHT) confirmed the presence of thrombi in the
right and left pulmonary arteries as far as the posterior
segmental arteries. Echo-Doppler ultrasound of the lower
limbs confirmed the diagnosis of deep venous thrombosis
to the left.

Volumetric capnography using a respiratory profile
monitor CO2MO Plus 8100® (Dixtal/Novametrix) was made.
The PetCO2 was recorded for a period of three minutes in

room air. During this period, a sample of arterial blood on
ambient air was drawn for gasometric analysis. fDlate was
calculated after the determination of the late PetCO2,
extrapolated for 15% of the total pulmonary capacity (TPC),
according to ERIKSSON et al.[1], whose mathematical
expression is as follows:

Fig. 1 - Pulmonary perfusion scintigraphy in the preoperative
period (A) with fDlate of 0.16 (positive for PTE) and six days
after pulmonary thromboembolectomy (B) when the fDlate fell to
-0.04 (negative for PTE) [1].

A

B

As the evolution was over more than two weeks and the
patient was clinically and hemodynamically stability,
extensive chronic embolia was suspected and chemical
thrombolysis was contra-indicated. Thus, surgical
embolectomy was scheduled and the patient was assessed
by hemodynamic study. A coronary cineangiography
demonstrated normal coronary arteries and ventriculography
showed an ejection fraction of 69%. The pulmonary artery

fDlate=
PaCO2 – Pet(15% CPT)CO2

PaCO2

Where:
PaCO2 is the partial CO2 pressure in the arterial blood;
Pet(15%TPC) CO2 is the partial CO2 pressure in the expired air
extrapolated for 15% of the TPC.
TPC (total pulmonary capacity), obtained from previously
published tables and based on the age, weight and height of the
patient [2].
The calculated fDlate was 0.16 which was considered positive for the
diagnosis of PTE, as it is greater than the cut-off point of 0.12 [1].
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presented significant bulging of its trunk, presence of
amputation of the peripheral branches suggestive of multiple
chronic pulmonary emboli. This image is suggestive of
thrombi in the inferior lobar artery of the left lung and
hypoperfusion of the middle right pulmonary lobe.

Operative technique
 Operative intervention was performed with the help of

cardiopulmonary bypass at deep hypothermia and total
circulation arrest. Left pulmonary arteriotomy was performed
with removal of thrombi and, on the right, thrombi up to the
segmental branches were removed (Figure 2), followed by
arterial repair and re-warming of the patient. The anatomical-
pathological examination evidenced thrombotic substance
in several different states. The patient was discharged on
the sixth postoperative day. Before release, he was submitted
to another pulmonary perfusion scintigram (Figure 1) and
after the patient gave written permission, he was submitted
to a volumetric capnography to calculate the fDlate. The
obtained value was –0.04 which was below 0.12, thus,
characterized as negative. In room air (FiO2= 0.21), to PaO2
was normalized at 88.1 mmHg.

The opening of vascular routes by the removal of the
thrombotic substance resulted in a significant improvement
of the alveolar dead space, which resulted in a reduction of
the fDlate. Concomitantly, there was a significant clinical
evolution due to the improvement of the hypoxemia that
had been observed in the preoperative period.

This present case unequivocally demonstrates the reverse
of the fDlate by surgical pulmonary thromboembolectomy
and confirms an earlier observation where the reverse was
achieved by chemical thrombolysis [6].

Sudden death can occur due to PTE, anticoagulation is
frequently effective in reducing this incidence and also new
embolic phenomena. Therefore, diagnostic methods by
imaging (scintigraphy and CHT) are required every time that
there is clinical suspicion of PTE. In our institution,
examinations by imaging are negative in more than 40% of
the cases where PTE is suspected [5]. On the other side, in
developing countries, imaging examinations are not always
available. So, noninvasive methods which may exclude the
possibility of PTE would considerably reduce the number
of patients unnecessarily submitted to lung scintigraphy or
to CHT, even in hospitals where these examinations are
available. Noninvasive examinations could also be used in
small hospitals where these resources of imaging are not
available, aiming at selecting patients who need to be
transferred to better equipped institutions for a more detailed
investigation.

In conclusion, in this report we presented the case of a
patient diagnosed as having PTE confirmed by imaging and
with a positive fDlate, which became negative after surgical
pulmonary thromboembolectomy, validating this new
variation as a noninvasive diagnostic tool. If more wide-
ranging studies, associated or not to the evaluation of the
D dimmer confirm the reliability of fDlate, it is possible to
envisage that, in the near future, the decision of using
anticoagulation or not in a patient with suspicion of PTE
can be exclusively based on noninvasive methods.

COMMENTS

ERIKSSON et al. [1], OLSSON et al. [3] and ANDERSON
et al. [4] applying the cutoff value for fDlate of 0.12, obtained
good sensitivity and specificity with this method, indicating
it to be considerably effective in distinguishing patients
with PTE from patients with COPD.

Results previously published of our institution [5]
revealed a mean of 0.25 ± 0.17 in 21 patients with confirmed
diagnosis of PTE and of 0.02 ± 0.19 in 25 patients with
diagnosis confirmed by imaging as negative.

Fig. 2 - Thrombus removed from the pulmonary artery (scale in
centimeters)
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