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ABSTRACT

Introduction: In recent years there has been increase in the number of patients who need thoracic surgery - first of all different types of pulmonary
resection because of primary bronchial cancer, and very often among patients whose lung function is impaired due to different degree of bron-
chial obstruction so it is necessary to assess functional status before and after lung surgery to avoid the development of respiratory insufficiency.
Objective: to show the changes in the level of arterial blood gases after various ranges of lung resection. Material and methods: The study was
done on 71 patients surgically treated at the Clinic for Thoracic Surgery KCU Sarajevo, who were previously treated at the Clinic for Pulmonary
Diseases “Podhrastovi” in the period from 01. 06. 2009. to 01. 09. 2011. Different types of lung resection were made. Patients whose percentage of
ppoFEV1 was (prognosed postoperative FEV1) was less than 30% of normal values of FEV1 for that patients were not given a permission for lung
resection. We monitored the changes in levels-partial pressures of blood gases (PaO2, PaCO2 and Sa02) one and two months after resection and
compared them to preoperative values. As there were no significant differences between the values obtained one and two months after surgery,
in the results we showed arterial blood gas analysis obtained two months after surgical resection. Results were statistically analyzed by SPSS and
Microsoft Office Excel. Statistical significance was determined at an interval of 95%. Results: In 59 patients (83%) there was an increase, and in
12 patients (17%) there was a decrease of PaO2, compared to preoperative values. In 58 patients (82%) there was a decrease, and in 13 patients
(18%) there was an increase in PaCO2, compared to preoperative values. For all subjects (group as whole): The value of the PaO2 was significantly
increased after lung surgery compared to preoperative values (p <0.05) so is the value of the Sa02%. The value of the PaCO2 was significantly
decreased after lung surgery compared to preoperative values (p <0.05). Respiratory insufficiency was developed in none of patients. Conclusion:
If the % ppPoFEV1 (% prognosed postoperative FEV1) is bigger than 30% of normal values of FEV1 (according to sex, weight, height, age) in patient
planned for lung resection surgery there is no development of respiratory insufficiency after resection.
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1. INTRODUCTION

ing: forced expiratory volume in one second (FEV1), vital

In recent years there has been increase in the number
of patients who need thoracic surgery - first of all different
types of pulmonary resection for primary bronchial cancer,
particularly among older patients and patients whose lung
function is impaired due to the different degree of bronchial
obstruction. In all these patients it is necessary to assess
functional status before and after lung surgery performed,
although in patients with cancer we may ask - what is the
risk of postoperative complication in relation to disease that
certainly has fatal outcome if not treated surgically.

This problem is differently treated in the literature. Most
authors (1-32) recommended to be done complete func-
tional testing - complete spiroplethysmographic process-
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capacity (VC), forced vital capacity (FVC), flow - volume
curve, pulmonary resistance (Rt), residual lung volume
(RV), bronchodilator test, maximum voluntary minute
ventilation (MMYV) and total lung capacity (TLC), and in
cases where diffuse interstitial changes of lung are radio-
logically presented, DLCO ( transfer factor for CO) should
be also determined (2, 6, 7). There is also a need to predict
the postoperative FEV1 (ppoFEV1-prognosed postoperative
FEV1) that could be done by various methods (1, 4, 5-25).
Ifthe ppoFEV1 is lower than 30% of normal values of FEV1
for this patient, which is the great risk for postoperative
complications and postoperative death, that patient is not
allowed to be undergone to lung resection (7). All authors
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(1-32) require doing the analysis of gases in the blood be-
fore lung resection. If there is hypercapnia, i.e. high partial
pressure of carbon dioxide in arterial blood (Pa CO2) >45
mm Hg (6 kPa) it does not give the approval for the surgery
(1-32). If there is hypoxemia i.e. decreased partial pressure
of oxygen in arterial blood (PaO2) <60 mmHg (8 kPa) or
arterial oxygen saturation (SaO2) below 90% it does not give
the approval for the surgery (1-32). We should try with oxy-
gen therapy, along with other appropriate bronchodilator
therapy, to achieve normalization of blood gases.

2. OBJECTIVE

Objective of the study is to show the changes in the level
ofarterial blood gases after various ranges of lung resection.

3. MATERIALS AND METHODS

The study was done on 71 patients surgically treated at
the Clinic for Thoracic Surgery of Clinical Center of Uni-
versity of Sarajevo, who were previously treated at the Clinic
for Pulmonary Diseases “Podhrastovi” in the period from
01. 06. 2009 to 01. 09. 2011. The following resection opera-
tive procedures were made in patients: pulmectomy (left,
right), lobectomy (upper and lower: left, right and middle),
bilobectomy (right: upper and lower), segmentectomies. The
control group consisted of the same patients. Lung func-
tion tests were done when the patient was clinically stable
and after taking the complete bronchodilator treatment, if
it was needed.

Before surgery all patients were undergone to complete
spiroplethysmographic processing as follows: FVC, FEV],
flow-volume curve, total pulmonary resistance (Rt ) includ-
ing bronchodilator test, RV, TLC. Arterial blood gas analysis
was necessarily performed.

Patients were divided into 21 groups according to the
range of lung resection surgery and a sex which is seen in
Table 1.

Number of . Number of The
Type of operation Sex average
group cases
age (years)

1. Left pulmectomy 9 M 64.55

2. Left pulmectomy 2 F 47.00

3. Right pulmectomy 5 M 54.40

4. Right pulmectomy 1 F 55.00

5, Left upper 6 M 59.30
lobectomy

6. Left upper 4 F 52.70
lobectomy

7 Left lower 7 M 59.71
lobectomy

8 Left lower 2 F 59,50
lobectomy

9. Right upper 9 M 62.78
lobectomy

10. Right upper 3 F 54.67
lobectomy

11, Right lower 9 M 62.20
lobectomy

12. Right lower 1 F 65.00
lobectomy
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Right upper

13. bilobectomy 3 M 61.00
14, Right upper 1 F 47.00
bilobectomy
15, Right lower 1 M 48.00
bilobectomy
Right lower
16. bilobectomy 2 F 6250
17. Right middle 1 M 68.00
lobectomy
18. Right middle 2 F 59,00
lobectomy
Segmentectomy-2
19. segments of a right 1 M >4.00
upper lobe
Segmentectomy-1
20. segment 1 F 75.00
of right lower lobe
Segmentectomy-
21. apical segment of 1 M 65.00

left lower lobe

Table 1. The sample of treated patients according to the range of
lung resection surgery

The study included 52 men, mean age 60, 96 years (45-
73) and 19 women, mean age 56 years (47-75) with various
type of lung resection.

* If there was a disturbance in blood gases: hypoxemia
i.e. PaO2 below 60 mm Hg (8 kPa) or SaO2 below 90%,
with or without hypercapnia i.e. PaCO2 above 45 mmHg
(6 kPa) approval for operation was not given. We tried with
bronchodilator therapy, because disorder of level of gases
in blood indicate on deeper ventilatory disturbances, and
with oxygen therapy, to achieve the normalization gases in
blood. If the blood gases normalized, patients were involved
in the study and given approval for the surgery.

* If there was bronchospasm we also did not give ap-
proval for the surgery because bronchospasm is accom-
panied with vasospasm, all of which leads to disturbances
of ventilation - perfusion relationships in the lungs, and a
significant increase in pulmonary vascular resistance and
that is a major surgical risk. If bronchospasm is relieved by
appropriate bronchodilator therapy patients were included
into the study.

* If there was hyperinflation of lung parenchyma of great
degree that is if the RV was greater than 300% of standard
values for that patient, which indicating a distinct bronchial
obstruction, we did not give permission for operation. If
the appropriate bronchodilator therapy decreased RV to
values below 300% of standard values, patient was included
into the study.

* The degree of damage to the lung function is primar-
ily determined based on the FEV1 because it is the most
objective parameter of lung function which indicates the
obstructive and restrictive disorders of lung function and
that indicates the type and degree of impairment of ventila-
tory lung function. At the same time it was examined and
FVC, another very important parameter of lung function.

* If there was radiological evidence of diffuse interstitial
lung disease, transfer factor - lung diffusion capacity for
carbon monoxide (DLCO) was also determined.

In all patients on the basis of measured preoperative
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lung functional parameters we predicted postoperative lung
function level in the scope of the planned lung resection
and determined the maximum possible level of resection.
We predicted postoperative FEV 1 (ppoFEV]) in absolute
values (liter- L) and expressed it also as a percentage (%) of
normal values of the patient’s FEV1. If the value of preop-
erative FEV 1 was below of 35% of the standard — normal
values for that patient we did not give the permission for
lobectomy, bilobectomy and pulmectomy. The maximum
possible extent of resection is determined by% ppo FEV 1
(FVC) to be 30% of the normal value of FEV1 (FVC) for that
patient regardless of how much it is in absolute values (L).

Complete spiroplethysmographic processing and mea-
surement of diffusion capacity of the lungs or transfer
factor (by single breath method) was done on the appara-
tus Master Lab-Jaeger, a determination of blood gases in
the Radiometer ABL 505 apparatus in the Laboratory for
clinical respiratory physiology - Department of Clinic for
Pulmonary disease “Podhrastovi”.

We monitored the changes in levels of blood gases
(Pa0O2, PaCO2, Sa02) one and two months after resection
and compared them to preoperative values. As there were
no significant differences between the values obtained one
and two months after surgery, in the results we showed arte-
rial blood gas analysis obtained two months after surgical
resection. Results were statistically analyzed by SPSS and
Microsoft Office Excel. Statistical significance was deter-
mined at an interval of 95%.

We followed whether chronic pulmonary insufficiency
possibly developed. Respiratory failure is defined as PaO2
<8 kPa (60 mmHg), PaCO2> 6 kPa (45 mmHg) and SaO2
<90%. If there is a decrease in PaO2 or SaO2, we talk about
partial respiratory insufficiency, and if it is accompanied by
increase in PaCO2 we are talking about a global respiratory
insufficiency. If after 10 days of bronchodilator therapy with
24-hour oxygen therapy (for 10 days) there is no normaliza-
tion of arterial blood gases we are talking about the chronic
respiratory insufficiency (32).

4. RESULTS

Results of the study are presented in tables and graphs.
A proper comment is given below each table and graph.

Men
Diagnosis Number of patients
Planocellular - Squamous cell carcinoma 32
Adenocarcinoma 19
Small cell lung cancer 1
Women
Diagnosis Number of patients
Planocellular. Squamous cell carcinoma 8
Adenocarcinoma 7
Macro cellular carcinoma 2
Tuberculoma 1
Carcinoid 1

Table 2. Diagnoses of patients undergone to lung resection
Among 71 patients operatively treated only one didn’t
have cancer (Table 2). In group 2. (Left pulmectomy-wom-
en) and group 8. (Left lower lobectomy — women) there is
a decrease in PaO2 for 1.17 kPa and 0.33 kPa, and in all
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Graph 1. Change in PaO2 ( kPa) compared to preoperative values
in groups
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Graph 2. Change in PaO2 in percentages compared to
preoperative values in groups
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Graph 3. Change in PaCO2 ( kPa) compared to preoperative
values in groups

other groups there is an increase of PaO2, compared to
preoperative values.

In group 2. (left pulmectomy — women) and group 8. (left
lower lobectomy — women) there is a decrease of PaO2 of
9.73% and 3.15%, while in all other groups there is an in-
crease of PaO2, compared to preoperative values .

In group 2. (Left pulmectomy — women), group 3. (Right
pulmectomy - men) and group 14. (Right upper bilobec-
tomy - women) there is an increase in PaCO2 of 0.11 kPa,
0.12 kPaand 0.38 kPa, and in all other groups there is a fall
in PaCO2, compared to preoperative values.

In group 2. (Left pulmectomy — women), group 3. (Right
pulmectomy - men) and group 14. (Right upper bilobec-
tomy — women) there is an increase in PaCO2 of 2.43%,
2.30% and 8.60% and in all other groups there is a decrease
in PaCO2, compared to preoperative values. In group 2.
(Left pulmectomy — women) there is a decrease of SaO2
for 1.10% compared to preoperative values and in all other
groups there is a rise in SaO2.
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Graph 6. The change of PaO2 ( kPa) compared with preoperative
values. Legend 1. Patents who achieved decreased values of
Pa0?2 after operation. 2. Patients who achieved increased values
of Pa02 after operation

In 59 patients (83%) there was an increase, and in 12
patients (17%) there was a decrease of PaO2, compared to
preoperative values, but in none of the patients postopera-
tive PaO2 was lower than 8 kPa,

In 58 patients (82%) there was a decrease, and in 13 pa-
tients (18%) there was an increase in PaCO2, compared to
preoperative values, but in none of the patients postopera-
tive PaCO2 was higher than 6kPa. (Graph 1, 2,3,4,5,6,7).

For all patients included in study:

= The value of the PaO2 was significantly increased after

surgery compared to preoperative values (p <0.05).

= The value of the PaCO2 was significantly decreased af-

ter surgery compared to preoperative values (p <0.05).
= The value of the SaO2 was significantly increased after
surgery compared to preoperative values (p <0.05).
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Graph 7. The change of PaCO2 (kPa) compared with
preoperative values. Legend 1. Patients who achieved increased
values of PaCO2 after operation. 2. Patients who achieved
decreased values of PaCO2 after operation

5. DISCUSSION

Arterial blood gas analysis is indicated in all patients who
are scheduled for pulmonary resection (1-35). Many authors
have attempted to define the postoperative complications
according to the values of gases in the blood preoperatively.
Preoperative arterial hypoxemia (i.e. PaO2 <60 mm Hg)
is considered as a contraindication for lung resection (1-
32). However, in some patients, especially those with lung
cancer, pulmonary zones to be surgically removed may be
an area that has no ventilation (V’) (due to bronchial ob-
struction), but has a perfusion (Q’); this zone can be a zone
of right-left shunt (V 7/ Q = 0) and a potential cause of
arterial hypoxemia (3). Resection of such area could cause
the PaO2 to return to normal values after resection (3). So
it would be need to determine the causes of preoperative
arterial hypoxemia (1, 3,7, 8). In most patients in our study
there was a statistically significant increase of oxygen and
arterial oxygen saturation (PaO2 and SaO2) (59 patients or
83.1%) and statistically significant decreases of carbon diox-
ide (PaCO2) (58 patients or 81.7%) after resection surgery.

Hypercapnia (i.e. PaCO2> 45 mm Hg) is a contrain-
dication for surgery because it marks a significant loss of
lung function, advanced pulmonary disease and minimal
pulmonary reserve, but in some patients it may be due to
reversible airway obstruction or treatable infection. Histori-
cally hypercapnia is the criterion that excludes resection (3,
7,8,14) because it is associated with poor ventilatory func-
tion. According to the BTS guideline (7) hypercapnia by
itself is not a prediction of complications after lung resec-
tion, but in such patients there is usually % ppoFEV1 <40%
of normal values (7). In two series (2, 33) of patients with
cancer with preoperative hypercapnia, who were under-
gone surgery, peri - and postoperative complications were
not more frequent than usual, indicating that preoperative
hypercapnia is not an independent risk factor but requires
further testing of lung function (34). In two other studies
preoperative hypoxemia (PaO2<60 mmHg) and arterial ox-
ygen saturation (Sa02) <90% was associated with increased
levels of postoperative complications (25, 30). In our study,
patients with hypoxemia with or without hypercapnia were
not given permission for resection surgery.

Arterial blood gas analysis in the study of Pierce RJ et
al. (18) showed that there was a small drop of PaO2 (12%)
after pulmectomy, and no significant decreases after minor
resections. In our study, in a whole group, there was a statis-
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tically significant increase of PaO2 two months after surgery
compared to preoperative values (p <0.05). In 59 patients
(83.1%) PaO2 was higher, and in 12 (16.9%) lower than pre-
operatively. The largest decline was observed in two patients
(female 47 and male 61 years old) who were undergone left
pulmectomy and where the PaO2 decreased by 1.65 kPa
(12.38 mmHg), respective 1.59 kPa (11.93 mmHg) as com-
pared to the preoperative value i.e. by 14.35%, or 19.23%, but
it did not develop respiratory failure that is falling PaO2 be-
low 60 mm Hg (8 kPa). In the first case ppo FEV1 and FEV1
obtained were identical, while the in the second achieved
FEV1 was lower than the ppoFEV1 by 16.98% compared
to the prediction in L, and realized FEV1 expressed as a
percentage of the normal value for this patient was for 8%
lower than the % ppo FEV1.Increase of oxemia or increase
PaO2 after resection can be explained by repairing ventila-
tion - perfusion relationship after resection of the lung in
which there was a right-left shunt (3). In Pierce’s study (18)
PaCO2 was not significantly changed for any type of resec-
tion. With us there was a statistically significant decreases
in PaCO2 for the group as a whole (p <0.05). In 58 patients
(81.7%) after resection surgery there was decrease, and in 13
(18.3%) patients there was an increase in PaCO2. The larg-
est increase was recorded in one patient (male of 53 years)
with right pulmectomy where PaCO2 increased by 1,03 kPa
(7,73 mm Hg), or 22.78% compared to preoperative values,
but even with him, as well as in other patients hypercapnia
i.e. the level of PaCO2> 45 mm Hg (6kPa) did not develop.

Fee JH et al. (26) have studied the level of preoperative
blood gases, spirometric tests, pulmonary vascular resis-
tance (PVR) in 30 patients. Eighteen patients were preop-
eratively assessed low-risk (PaO2> 50 mmHg, FEV1> 50%
of normal, FVC> 50% of normal, and PVR <190 dynes cm
‘sec’) and all survived. Five patients who were considered
high risk based on PVR died after surgery from respira-
tory failure (4 of them before surgery were considered low
risk based on spirometry). If these figures are correct, then
patients with high PVR cannot tolerate resection, regard-
less of its size and this finding supports the opinion of the
author that preoperative reduction in lung capillaries may
be a crucial factor in the development of postoperative re-
spiratory failure and cor pulmonale.

We need to know that immediately after the operation
drop in PaO2 comes from 10% to 30% due to disorders of
ventilation — perfusion relationship with poor ventilation
of the region that continues to have normal perfusion (27).
This type of atelectasis is not easily seen on X-rays and is
called “micro atelectasis”. If previously there was no disorder
in the exchange of gases, there is no increase in PaCO2. In
patients with preoperative normal or minimally impaired
lung function, these events remain silent (low risk), but in
patients with impaired preoperative pulmonary function,
significant pulmonary complications may occur (high risk)
(35). Increased work of breathing to maintain an adequate
PaO2 and PaCO2 further stress the respiratory muscles
and may lead to the development of their weaknesses with
further disruption of blood gases (35).

Different, often unexpected, changes in blood gases level
after resection of lung parenchyma can be explained by the
fact that different types of relations between ventilation and
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perfusion (V / Q') may exist in lungs. According to GM
Tiss (3) there are following types of relationships between
ventilation and perfusion (V’/ Q’): a) pulmonary zone to be
removed has the same distribution of ventilation and per-
fusion as well as the rest of the lung. It does not mean that
V / Q’ is normal, but is the same in all parts of the lungs.
In this case, loss of lung function after resection would be
proportional to the degree of resection; b) The area to be
removed of the lung has an invaluable pulmonary func-
tion (no function-neither ventilation nor perfusion). In
this case, resection will have no impact on postoperative
pulmonary function because the patient has a functional
either autolobectomy or autopulmectomy before surgery;
¢) Pulmonary zone to be resected carries the main part of
the functions - ventilation and perfusion (main part of the
V'/ Q). In this case, the postoperative pulmonary func-
tion would be severely damaged with a disorder of blood
gases; d) Pulmonary zone to be removed is the seat of an
abnormal relationship between ventilation and perfusion (V
/Q’) because of the lack of ventilation due to the bronchial
obstruction, and well-preserved perfusion. This is the site of
right-left shunt and could lead to arterial hypoxemia. In this
case, the resection of these areas could lead to correcting the
cause of hypoxemia and normalization of blood gases (3).

It is believed that the remaining lung tissue adapts to
the loss of surface area for gas exchange by creating a new
functional area of ventilation and perfusion to increase the
RV / TLC and that this adaptation occurs within the first
few months after surgery (29, 30).

6. CONCLUSION

If the % ppoFEV1 (% prognosed postoperative FEV1) is
bigger than 30% of normal values of FEV1 (according to
sex, weight, height, age) in patient planned for lung resec-
tion surgery there is no development of respiratory insuf-
ficiency after resection. That shows that the lower threshold
of lung function can be safely applied in surgical resection
of lung tissue; we should consider the current guidelines for
the assessment of lung resectability in patients with vari-
ous diseases. Using a lower threshold for preoperative and
prognosed postoperative values of pulmonary function will
increase the number of operations, the level of healing and
reduce mortality from various diseases that require thoracic
surgical treatment.
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