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Abstract
Capnography is an effective and non-invasive method for monitoring patients during general anesthesia and can reflect the 
changes in both the respiratory function as well as the circulatory function. In this paper, we present four cases of lobectomy 
in which we observed a “chair-like” waveform on performing capnography after the surgery. In all the cases, the appearance 
of this “chair-like” waveform led to the suspicion of a blockage in the pulmonary artery perfusion, which was then confirmed 
to be an obstruction in the pulmonary artery on further investigation. This suggests that during lobectomy, capnography 
can help confirm that the pulmonary circulation is unobstructed. We believe that it is very important to observe the changes 
of end-tidal carbon dioxide pressure and capnogram during one-lung ventilation, particularly in cases of pulmonary artery 
anastomosis.
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1  Introduction

Capnography has been accepted in clinical practice as a rou-
tine monitoring method for patients under anesthesia. The 
value and waveform of end-tidal carbon dioxide (ETCO2), 
particularly during one-lung ventilation (OLV), are impor-
tant for intraoperative clinical assessment in thoracic sur-
gery. In this paper, we present the analysis of the CO2 
waveform changes that occurred due to pulmonary artery 
perfusion disorders in four cases of lobectomy, which were 
encountered over a period of 3 years. In addition, we also 
review the current literature available on this topic.

2 � Case reports

2.1 � Cases 1

A 46-year-old woman (height, 155 cm; weight, 76 kg) 
diagnosed with right upper lobe lung cancer was sched-
uled for removal of the right upper lobe and lymph node 
dissection. The patient was previously healthy and showed 
no other abnormalities during routine preoperative exami-
nation. OLV for the healthy side was efficient during the 
operation, and the ETCO2 pressure (PetCO2) was main-
tained at 33–35 mmHg. On surgical exploration, the right 
upper lobe artery and bronchus were found to be infiltrated 
by the tumor mass. Therefore, double-sleeve resection of 
the right upper and middle lobes was performed; however, 
the surgical field view was not ideal for the creation of 
the right pulmonary artery anastomosis. After complet-
ing the sleeve resection and lymph node dissection, the 
right lower lobe was successfully reinflated. The appear-
ance and color of the right lower lobe were normal during 
double-lung ventilation (DLV), with the peak airway pres-
sure being 19 cm H2O. The PetCO2 waveforms showed a 
“chair-like” appearance, as shown in Fig. 1. Experimental 
OLV for the right (affected) side revealed that the right 
lower lobe inflated and deflated effectively, with the peak 
airway pressure being 23 cmH2O; however, the value of 
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ETCO2 decreased to 0 rapidly. The surgeons re-inspected 
the pulmonary artery, and a stenosis of the anastomosis 
was suspected. After re-anastomosis of the artery, PetCO2 
was measured to be 27 mmHg in DLV, with the normal 
“rectangle” waveform, and PetCO2 was 20 mmHg in exper-
imental right (affected) side OLV. After the surgery, the 
patient’s vital signs had stabilized, and the patient recov-
ered well.

2.2 � Case 2

A 62-year-old woman (height, 155 cm; weight, 51 kg) 
with a tumor of the right upper lobe was scheduled for a 
video-assisted thoracoscopic surgery (VATS) for the right 
upper lobe. OLV was satisfactorily achieved during the 
operation, with PetCO2 being 33–37 mmHg. VATS was 
performed for the resection of the right upper lobe and 
lymphadenectomy. After sputum suction and re-expan-
sion of the right lung, the capnogram showed a “chair-
like” appearance during DLV (Fig. 2). The anesthesi-
ologist informed the surgeons that it was likely that gas 
exchange did not occur in the right (affected) lung. No 
ligation of the right pulmonary artery and vein was noted 
on thoracoscopic exploration, and no trace of vessel liga-
tion was detected on checking the specimen (upper right 
lobe). Therefore, the surgeons opened the right chest and 
explored the operative field. The proximal ligation point 
of the right upper lobe artery was found to be present 
just at the bifurcation of the pulmonary artery, which had 
resulted in severe stenosis of the right pulmonary artery. 
The stenosed portion of the artery was removed, and right 
pulmonary artery anastomosis was performed. PetCO2 
for DLV was now 28 mmHg, with the normal “rectan-
gle” waveform, while that for OLV of the right (affected) 
lung was 23 mmHg. After the operation, the vital signs of 
the patient had stabilized, and the patient was shifted to 

the intensive care unit (ICU) without any postoperative 
complications.

2.3 � Case 3

A 57-year-old man (height, 170 cm; weight, 66 kg) with 
the diagnosis of left upper lobe cancer was scheduled for a 
radical resection of the left upper lobe carcinoma. During 
the operation, the surgeon found that the tumor had infil-
trated the left main pulmonary artery and, therefore, per-
formed sleeve resection of the left upper lobe. During the 
preparation for pulmonary artery anastomosis, the surgeons 
observed that the left lower pulmonary artery was very 
short, but proceeded to complete the anastomosis on that 
side. On re-expansion of the left lung following the anas-
tomosis, the capnogram exhibited a “chair-like” appear-
ance for DLV (Fig. 3). On experimental OLV for the left 
(affected) side, the left lower lobe was found to inflate and 
deflate effectively, with a peak airway pressure 23 cmH2O; 
however, the PetCO2 decreased to 0 quickly. The anesthe-
siologist informed the surgeons that gas exchange did not 
occur on the left (affected) side. The surgeons examined the 
left pulmonary artery and thought that stenosis of the left 
pulmonary artery may have caused the post-anastomosis 
blood flow failure. Re-anastomosis was not performed in 
this case since the left lower pulmonary artery was very 
short, and the results of the patient’s lung function test were 
very good. Therefore, pneumonectomy of the left side was 
performed. After the operation, the vital signs of the patient 
stabilized, and the patient was shifted to the ICU without any 
postoperative complications.

2.4 � Case 4

A 64-year-old man (height, 166 cm; weight, 57 kg) was 
scheduled for sleeve resection of the right upper lobe for 
removal of a malignant tumor. The PetCO2 for OLV with 
the left side was 37–41 mmHg. However, during the opera-
tion, the surgeon found that the tumor had invaded the right 
middle lobe as well as the main stem of the right pulmo-
nary artery. Therefore, the surgical protocol was changed to 
double-sleeve resection of the right middle and upper lobes. 
This was followed by lymph node dissection, removal of 
the upper and middle lobes of the right lung, and double-
sleeve anastomosis of the right inferior lobar bronchi and 

Fig. 1   CO2 waveform during double-lung ventilation after double-
sleeve resection of the right upper and middle lobes

Fig. 2   CO2 waveform for double-lung ventilation after resection of 
the right upper lobe

Fig. 3   CO2 waveform in double-lung ventilation after sleeve resection 
of the left upper lobe
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arteries, all of which were successfully performed. Then, 
on re-expansion of the right lung, the peak airway pres-
sure was 19 cmH2O for DLV and the capnogram showed 
a “chair-like” appearance (Fig. 4). On experimental OLV 
with the left lung, the capnogram showed the normal “rec-
tangle” waveform, and the PetCO2 was 40 mmHg. The right 
(affected) side showed effective inflation and deflation of the 
right lower lobe, but the ETCO2 value decreased to 0 quickly 
and the tidal volume was 422 ml. The anesthesiologist 
informed the surgeons that that there was no gas exchange 
in the right lung. Therefore, the surgeons disassembled the 
right pulmonary artery, checked the right pulmonary artery 
to ensure that it was free of any torsion, and performed the 
pulmonary artery anastomosis again. However, the capno-
gram still showed a “chair-like” appearance on DLV. After 
mutual discussion, the anesthesiologist and surgeon con-
cluded that there may be a thrombus in the branch of the 
pulmonary artery supplying the right lung lower lobe. The 
pulmonary artery anastomosis was again disassembled, and 
the right lower pulmonary artery was washed with heparin 
solution and anastomosed again. This time, the capnogram 
for DLV returned to the normal “rectangle” appearance, and 
the PetCO2 for OLV with the right (affected) side increased 
gradually. After the surgery, the patient’s vital signs had sta-
bilized and the patient recovered well.

3 � Discussion

Capnography is an effective, non-invasive monitoring 
method to guide respiratory management during general 
anesthesia. Monitoring of PetCO2 and ETCO2 for OLV 
is particularly important in thoracic surgery. It had been 
reported that the sudden upsurge in ETCO2 had been mani-
fested as the result of the left mainstem bronchial tear during 
thoracoscopic tracheoesophageal fistula repair [1].

In all the four cases reported herein, the capnogram 
showed a “chair-like” appearance, and PetCO2 for DLV 
had decreased significantly after lobectomy, this indicated 
that the concentration of CO2 in the end-tidal volume had 
reduced when OLV was changed to DLV. Thus, the anes-
thesiologists could assess the changes in the capnogram and 
PetCO2 for OLV with the affected lung and the healthy lung. 
In all the four cases, the PetCO2 was 0 for OLV with the 
affected side, which indicated that there was no gas exchange 

in the affected lung. The absence of gas exchange could be 
because of a lack of ventilation or blood flow on the affected 
side. In these cases, the tidal volume was normal for the 
affected lung during re-inflation, and therefore, ventilation-
related problems could be excluded and absence of blood 
flow was suspected. Obstruction of the pulmonary artery 
perfusion on the affected side was confirmed in all the cases. 
In cases 1 and 3, the obstruction was caused by anastomotic 
stenosis after pulmonary artery anastomosis. In case 2, the 
obstruction was due to a mistaken occlusion of the pulmo-
nary artery, while in case 4, it was caused by thrombosis of 
the distal end of pulmonary artery anastomosis.

Valuable clinical information can be gained from obser-
vation of the changes in the capnogram. A “shark’s fin” 
(Fig. 5) appearance of the time-based capnogram occurs in 
the presence of bronchospasm and airway obstruction [2]. 
The capnogram also helps in the detection of obstruction 
of pulmonary artery branches after surgical correction of 
tetralogy of Fallot [3].

Why did capnogram manifest a “chair-like” waveform 
change in our cases? This phenomenon could be analyzed 
from the pathophysiological perspective. Blood flows from 
the right ventricle to the pulmonary artery to reach the left 
and right pulmonary arteries. If the pulmonary artery on 
the affected was obstructed, all the blood would be diverted 
to the healthy lung, resulting in a scenario that would be 
similar to one-side pneumonectomy. However, in the case 
of one-sided pulmonary artery obstruction, O2 would still 
reach the affected lung. This means that there would be no 
gas exchange despite ventilation. As a result, the O2 expired 
from the affected lung would mix with the CO2 released 
from the healthy lung, thereby decreasing the concentration 
of PetCO2. In addition, since the diffusion rate of CO2 is 20 
times that of O2, the exchanged CO2 from the healthy lung 
would diffuse faster before mixed with the O2 expired from 
the affected lung, as the ascending branch of the capnogram 
(part 1) (Fig. 6). After the expired O2 from the affected lung 
mixed with CO2, the PetCO2 would reduce and would be 
represented as the initial portion of the descending branch 
of CO2 (part 2) (Fig. 6). Once the CO2 and O2 are complete 
mixed, a plateau would appear on the capnogram (part 3) 
(Fig. 6).

All the four patients had stable vital signs, which rules 
out acute pulmonary embolism. Studies have shown that 

Fig. 4   CO2 waveform for double-lung ventilation after removal of the 
right upper and middle lobes

Fig. 5   A “shark’s fin” ETCO2 waveform showing severe airway 
obstruction
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ETCO2 monitoring enables the early diagnosis of acute pul-
monary embolism and reduces mortality [4]. Blankush et al. 
included PetCO2 as one of the parameters in an automated 
modified early warning scoring system that can be used on 
the general hospital floor to rapidly identify at-risk patients 
[5], heir study has shown that the inclusion of parameters 
related to metabolism/gas exchange such as PetCO2 can 
help dynamically identify at-risk patients in certain patient 
groups. Moreover, ETCO2 monitoring in emergency medi-
cine has been gaining importance [6, 7].

To summarize, the changes in the PetCO2 and capnogram 
warrant closer monitoring when OLV is switched to DLV 
during anesthesia, especially in cases of pulmonary artery 
anastomosis. An analysis of these changes would be useful 
in determining whether there is any obstruction to the blood 
flow after pulmonary artery anastomosis.
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