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ABSTRACT

Background: Right ventricular (RV) dysfunction after
pulmonary resection in the early postoperative period is doc-
umented by reduced RV ejection fraction and increased RV
end-diastolic volume index. Supraventricular arrhythmia, par-
ticularly atrial fibrillation, is common after pulmonary resec-
tion. RV assessment can be done by non-invasive methods and/
or invasive approaches such as right cardiac catheterization.
Incorporation of a rapid response thermistor to pulmonary
artery catheter permits continuous measurements of cardiac
output, right ventricular ejection fraction, and right ventricu-
lar end-diastolic volume. It can also be used for right atrial
and right ventricular pacing, and for measuring right-sided
pressures, including pulmonary capillary wedge pressure.

Methods: This study included 178 patients who under-
went major pulmonary resections, 36 who underwent pneu-
monectomy assigned as group (I) and 142 who underwent
lobectomy assigned as group (II). The study was conducted
at the cardiothoracic surgery department of Benha University
hospital in Egypt; patients enrolled were operated on from
February 2012 to February 2016. A rapid response thermistor
pulmonary artery catheter was inserted via the right internal
jugular vein. Preoperatively the following was recorded: cen-
tral venous pressure, mean pulmonary artery pressure, pul-
monary capillary wedge pressure, cardiac output, right ven-
tricular ejection fraction and volumes. The same parameters
were collected in fixed time intervals after 3 hours, 6 hours,
12 hours, 24 hours, and 48 hours postoperatively.

Results: For group (I): There were no statistically sig-
nificant changes between the preoperative and postoperative
records in the central venous pressure and mean arterial pres-
sure; there were no statistically significant changes in the pre-
operative and 12, 24, and 48 hour postoperative records for
cardiac index; 3 and 6 hours postoperative showed significant
changes. There were statistically significant changes between
the preoperative and postoperative records for heart rate,
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mean pulmonary artery pressure, pulmonary capillary wedge
pressure, pulmonary vascular resistance, right ventricular
ejection fraction and right ventricular end diastolic volume
index, in all postoperative records. For group (II): There were
no statistically significant changes between the preoperative
and all postoperative records for the central venous pres-
sure, mean arterial pressure and cardiac index. There were
statistically significant changes between the preoperative and
postoperative records for heart rate, mean pulmonary artery
pressure, pulmonary capillary wedge pressure, pulmonary
vascular resistance, right ventricular ejection fraction and
right ventricular end diastolic volume index in all postop-
erative records. There were statistically significant changes
between the two groups in all postoperative records for heart
rate, mean pulmonary artery pressure, pulmonary capillary
wedge pressure, pulmonary vascular resistance, right ven-
tricular ejection fraction and right ventricular end diastolic
volume index.

Conclusion: There is right ventricular dysfunction early
after major pulmonary resection caused by increased right
ventricular afterload. This dysfunction is more present in
pneumonectomy than in lobectomy. Heart rate, mean pul-
monary artery pressure, pulmonary capillary wedge pres-
sure, pulmonary vascular resistance, right ventricular ejection

Table 1. Demographic Data and Etiologies

Pneumonectomy Lobectomy
(n=36) (n=142) P
Age, y 66.3 7.4 62.9+9.7 .051
Sex (male) 26 (72.2) 97 (68.3) NA
BMI 29.5+6.3 31.5+ 1.6 .057
Smoking 30 (83.3) 95 (66.9) NA
Diabetes mellitus 21 (58.3) 45 (31.7) NA
Bronchogenic carcinoma 27 (75) 83 (58.5) NA
Lobar emphysema 0(0.0) 16 (11.3) NA
Traumatic 2 (5.6) 7 (4.9) NA
Pulmonary infection 7 (19.4) 36 (25.4) NA

Data is presented as mean + SD or n (%).
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Table 2. Pneumonectomy (n = 36)

Preoperative 3h Postoperative 6h Postoperative 12h Postoperative 24h Postoperative 48h Postoperative
HR
81.3+6.9 92.6+75 93.7+8.2 945+ 6.4 91.2+72 89.5+8.6
P<.001 P <.001 P <.001 P <.001 P <.001
CVvP 6.8+ 1.6 72 +2.1 7.8+2.7 71+1.9 6.9+ 14 73+ 1.8
P=.366 P =.060 P=.471 P=.779 P=.217
MAP 90.3+9.9 89.8 +£8.7 86.6 £ 6.5 878+ 6.6 86.4 +8.9 89.7 £ 74
P=.821 P=.065 P=.212 P=.083 pP=.772
MPAP 18.6+2.2 244+54 28.5+6.6 3.6+ 7.1 36.9 +4.8 32.6+6.4
P<.001 P <.001 P <.001 P <.001 P <.001
PCWP 9.1+2.3 12.4+2.6 14.3 +3.1 17.6 £ 4.2 17.5£3.6 174 +2.8
P <.001 P<.001 P<.001 P <.001 P <.001
PVR 952+ 1.1 170.4 + 9.2 180.8 + 7.5 191.6 + 12.3 197.7 + 9.8 206.7 £ 8.5
P<.001 P<.001 P<.001 P <.001 P<.001
cl 2.9+0.6 2.5+0.8 2.6+0.4 2.7+0.3 2.8+0.5 2.8+0.8
P=.019 P=.015 P=.078 P =.445 P=.550
RVEF 46.7 + 6.3 38.8+8.4 372 +77 37.6 +7.8 35.3+9.2 36.6 + 8.6
P <.001 P<.001 P<.001 P <.001 P <.001
RVEDVI 82.7+76 98.8+8.4 106.4 + 11.3 M2.7+77 113.9 £ 8.6 109.4 + 6.9
P<.001 P<.001 P<.001 P <.001 P<.001

HR, heart rate; CVP, central venous pressure; MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; Cl, cardiac index; PCWP, pulmonary

capillary wedge pressure; PVR, peripheral vascular resistance; RVEF, right ventricular ejection fraction; RVEDVI, right ventricular end diastolic volume index; P, p-

value: it’s significant if p< 0.05

fraction, and right ventricular end diastolic volume index are
significantly affected by pulmonary resection.

INTRODUCTION

Right ventricular (RV) dysfunction after pulmonary resec-
tion in the early postoperative period occurs is documented by
reduced RV ejection fraction (RVEF) and increased RV end-dia-
stolic volume index (RVEDVI). It’s speculated that this RV dys-
function may be due to alterations in RV contractility or changes
in RV afterload, predisposing patients to postoperative complica-
tions and long-term morbidity [McCall 2016, Reed 1996].

Since supraventricular tachyarrhythmia (SVT), par-
ticularly atrial fibrillation (AF), is common after pulmonary
resection, it’s suggested that marked RV distention is a con-
tributing mechanism to development of SVT. Risk factors for
the development of SVT after noncardiac thoracic surgery
include increasing age; male sex; previous history of car-
diac disease; history of hypertension; malignant disease;
anesthetic agents; extent of pulmonary resection; mediasti-
nal lymph node dissection; intrapericardial pneumonectomy;
intraoperative cardiac arrest; intraoperative blood transfu-
sions; electrolyte imbalance; pulmonary complications and
need for repeat thoracotomy. This arrhythmia is usually
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treatable and does not affect postoperative morbidity and
mortality significantly [Elrakhawy 2014, Kowalewski 1999].

The RV can be assessed by non-invasive methods as echo-
cardiography-Doppler, isotopic technology, cardiac magnetic
resonance imaging and/or invasive approaches as right car-
diac catheterization (RHC) [Fayssoil 2009].

RHC was applied for the first time by Dr. Werner Forss-
mann. In 1929, he introduced a catheter into the right atrium
of his own heart to establish the feasibility of right heart
catheterization in humans. Catheters that could be advanced
into the pulmonary arteries were developed by Cournand
and Richards. Forssmann, Cournand, and Richards received
the Nobel Prize in medicine for their discoveries in 1956.
The balloon flotation catheters were invented by Drs. Swan
and Ganz in 1970, popularly known as “Swan-Ganz” cath-
eters. The conventional pulmonary artery catheter (PAC) was
developed by incorporation of a rapid response thermistor
that permitted continuous measurements of cardiac output
(CO), right ventricular ejection fraction (RVEF), and right
ventricular end-diastolic volume (RVEDV). It is also used for
right atrial and right ventricular pacing, and for measuring
right-sided pressures, including pulmonary capillary wedge
pressure (PCWP) [Rosenkranz 2015; Chatterjee 2009; Robin
2006; Marik 2013].
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Table 3. Lobectomy (n = 142)

Preoperative 3h Postoperative 6h Postoperative 12h Postoperative 24h Postoperative ~ 48Hs Postoperative
HR
79.6 £7.2 84.4+6.5 86.5+74 88.3+8.4 83.8+ 6.6 82.9+9.4
P<.001 P <.001 P <.001 P <.001 P=.001
CVP 73+2.8 74+2.6 75+2.3 73+1.9 72 £2.1 7.5+2.6
P=.755 P=.51 P =1.000 P=.734 P=.533
MAP 872+8.8 86.8+9.3 89.3+9.4 88.6 + 6.8 86.4 + 7.1 87.7 + 6.4
P=.710 P =.053 P=.135 P =.400 P=.584
MPAP 16.9£5.3 19.8+5.6 223 +4.6 23.8+8.1 25.6+6.8 249 +73
P<.001 P <.001 P <.001 P <.001 P<.001
PCWP 8.6+2.4 9.4+3.1 9.8+2.8 10.3 +4.2 9.7+3.4 9.6 3.3
P=.016 P<.001 P<.001 P=.002 P=.004
PVR 92.6+8.3 120.5+78 136.4 £ 5.6 142.6 + 8.6 168.8 + 7.4 162.6 + 6.8
P<.001 P<.001 P<.001 P <.001 P<.001
cl 3.2+0.9 3.0+£0.9 3.1+0.3 3.1+0.5 3.1+£0.7 3.1+0.2
P=.062 P=.210 P=.248 P=.297 P =.197
RVEF 49.6 +9.8 44.2 £9.1 43.8+8.5 43.3+9.2 4.9 £8.7 423+76
P <.001 P<.001 P<.001 P <.001 P <.001
RVEDVI 79.8 +8.4 91.7 £5.8 96.3 + 6.4 99.2 7.1 94.7 £ 6.5 95.5+8.2
P<.001 P<.001 P<.001 P <.001 P<.001

HR, heart rate; CVP, central venous pressure; MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; Cl, cardiac index; PCWP, pulmonary

capillary wedge pressure; PVR, peripheral vascular resistance; RVEF, right ventricular ejection fraction; RVEDVI, right ventricular end diastolic volume index; P, p-

value: it’s significant if p< 0.05

The aim of this study was to evaluate and to compare the
effect of major pulmonary resection (lobectomy and pneu-
monectomy) on right ventricular function with a comparison
between the effects of these resections in patients undergoing
either lobectomy or pneumonectomy.

PATIENT AND METHODS

This is a retrospective study. All data were collected after
getting the approval of the ethical committee. A written con-
sent from patients to utilize their data and images in any pub-
lication for scientific purpose is a part of the patients’ admis-
sion file, and it was signed by all patients enrolled in this work.

After review of these patients’ files, 178 patients underwent
major pulmonary resection; 36 underwent pneumonectomy
assigned as group (I) and 142 underwent lobectomy assigned as
group (II). Patients selected were required to have normal values
of the studied parameters preoperatively, with no statistical sig-
nificant difference between the two groups for the preoperative
records. The study was conducted at the cardiothoracic surgery
department of Benha University hospital in Egypt. Patients
enrolled were operated on from February 2012 to February 2016.

After induction of anesthesia, all patients were intubated
by left sided double lumen endotracheal tube; and the radial
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artery was cannulated for continuous recording of arterial
blood pressure and arterial blood gases. Using Seldinger
technique, a sheath was inserted over guide wire and dilator
into the right internal jugular vein, the guide wire and dilator
then removed. After testing the balloon of a rapid response
thermistor, multi-lumen pulmonary artery catheter (7.5F x
110 cm) was advanced through the sheath.

Before starting the planned operation, preoperative
records were taken, and postoperative data were collected
in fixed time intervals after 3 hours, 6 hours, 12 hours, 24
hours, and 48 hours. Exclusion criteria included all cases
with: (idiopathic or secondary) pulmonary hypertension or
cor pulmonale, with impaired RV (right ventricular) function,
chronic arrhythmias, history of arrhythmia within one month
preoperatively, history of myocardial infarction or chronic
heart disease either acquired or congenital and patients who
underwent VATS (video-assisted thoracoscopic surgery) for
lung resection.

Statistical Analysis

SPSS version 22.0 was used for data analysis. Continuous
variables were expressed as the mean = standard deviation
(SD), depending on the distribution of the data; either the
unpaired t-test or the Mann-Whitney U test was used for the
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Table 4. Pneumonectomy Versus Lobectomy

Parameter Preoperative 3h Postoperative  6h Postoperative 12h Postoperative 24h Postoperative ~ 48h Postoperative
HR Pneumonectomy 81.3+£6.9 92.6 7.5 93.7+8.2 94.5+ 6.4 91.2+72 89.5+8.6
Lobectomy 79.6 £7.2 84.4+6.5 86.5+74 88.3+8.4 83.8+ 6.6 82.9+94
P =.204 <.001 <.001 <.001 <.001 <.001
CVP Pneumonectomy 6.8+ 1.6 72+2.1 78+2.7 7119 6.9+ 14 73+18
Lobectomy 73+2.8 74+2.6 7.5+£23 73+£1.9 7221 75+£2.6
P =.305 =.670 =.501 =.573 =.418 =.664
MAP Pneumonectomy 90.3+9.9 89.8 8.7 86.6 £ 6.5 878+ 6.6 86.4 £ 8.9 89.7+74
Lobectomy 872 +8.8 86.8£9.3 89.3+£9.4 88.6 + 6.8 86.4 £ 7.1 877 + 6.4
P =.068 =.082 =.106 =.527 =1.000 =.107
MPAP Pneumonectomy 18.6 £2.2 244+54 28.5+6.6 33.6 £ 7.1 36.9 £4.8 32.6 6.4
Lobectomy 16.9 +£5.3 19.8+5.6 223 +4.6 23.8+8.1 25.6 + 6.8 24.9+73
P =.062 <.001 <.001 <.001 <.001 <.001
PCWP Pneumonectomy 9.1+2.3 12.4+2.6 14.3£3.1 17.6 +4.2 17.5+3.6 174+2.8
Lobectomy 8.6 +2.4 9.4+3.1 9.8+2.8 10.3+£4.2 9.7+34 9.6+3.3
P =.262 <.001 <.001 <.001 <.001 <.001
PVR Pneumonectomy 952+ 1.1 170.4 + 9.2 180.8 + 7.5 191.6 + 12.3 197.7 + 9.8 206.7 = 8.5
Lobectomy 92.6+8.3 120.5+78 136.4 £ 5.6 142.6 £ 8.6 168.8 + 7.4 162.6 + 6.8
P =.120 <.001 <.001 <.001 <.001 <.001
cl Pneumonectomy 2.9+0.6 2.5+0.8 2.6 +0.4 2.7+0.3 2.8+0.5 2.8+0.8
Lobectomy 3.2+0.9 3.0+0.9 3.1+0.3 3.1+0.5 3.1+0.7 3.1+0.2
P =.060 =.003 <.001 <.001 =.017 <.001
RVEF Pneumonectomy 46.7 + 6.3 38.8+8.4 372 +£77 37.6 + 7.8 35.3+£9.2 36.6 + 8.6
Lobectomy 49.6 £9.8 442 +9.1 43.8+8.5 43.3+9.2 4.9 £8.7 423+76
P =.093 =.002 <.001 <.001 <.001 =.001
RVEDVI Pneumonectomy 82.7+76 98.8 + 8.4 106.4 + 11.3 12.7 +77 113.9 + 8.6 109.4 + 6.9
Lobectomy 79.8+8.4 91.7£5.8 96.3 + 6.4 99.2 7.1 94.7 £ 6.5 95.5+8.2
P =.061 <.001 <.001 <.001 <.001 <.001

HR, heart rate; CVP, central venous pressure; MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; Cl, cardiac index; PCWP, pulmonary

capillary wedge pressure; PVR, peripheral vascular resistance; RVEF, right ventricular ejection fraction; RVEDVI, right ventricular end diastolic volume index; P, p-

value: it’s significant if p< 0.05

intergroup comparisons. Categorical data were expressed as
the number and (percentage), and were compared using the
Pearson chi-square and Fisher exact tests. Repeated mea-
sures analysis of variance (ANOVA) was used to compare
hemodynamic and cardiac measurement variables through
baseline and postoperative 5 time-frames. All reported P
values were two-sided, and a value of P < .05 was considered
statistically significant.

RESULTS

This is a retrospective study, which included 178 patients
who underwent pulmonary resection. Patients were divided
into two groups: group (I) included 36 (20.2%) patients
who underwent pneumonectomy; group (II) included 142
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(79.8%) patients who underwent anatomical pulmonary
lobectomy. Patients’ demographic data and etiologies are
shown in Table 1.

Heart rate (HR), central venous pressure (CVP), mean
arterial pressure (MAP), mean pulmonary artery pressure
(MPAP), pulmonary capillary wedge pressure (PCWP),
pulmonary vascular resistance (PVR), cardiac index (CI),
right ventricular ejection fraction (RVEF) and right ven-
tricular end-diastolic volume index (RVEDVI) were taken
as parameters for assessment of right ventricular function.
Preoperative records of these parameters were taken and
were compared to postoperative records taken after 3, 6,
12, 24, and 48 hours.

For group (I): There were no statistically significant
changes between the preoperative and postoperative records
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Table 5. Hemodynamic Intergroup Comparison

3h 6 Hours 12 Hours 24 Hours 48Hs
Group Preoperative Postoperative Postoperative Postoperative Postoperative Postoperative P

HR Pneumonectomy 81.3+6.9 92.6+7.5 93.7+8.2 94.5 + 6.4 91.2+72 89.5+8.6 <.001
Lobectomy 79.6 £72 84.4+ 6.5 86.5+74 88.3+8.4 83.8+6.6 82.9+9.4

CvP Pneumonectomy 6.8 £1.6 72+2.1 78+2.7 7119 6.9+ 1.4 73+18 .768
Lobectomy 73+2.8 74+2.6 75+23 73+1.9 72 £2.1 75+2.6

MAP Pneumonectomy 90.3£9.9 89.8+8.7 86.6 + 6.5 878+ 6.6 86.4+8.9 89.7+74 .857
Lobectomy 872 +8.8 86.8+9.3 89.3+9.4 88.6 £ 6.8 86.4 £ 7.1 877 £ 6.4

MPAP Pneumonectomy 18.6 +2.2 24.4 £ 5.4 28.5+6.6 33.6 £ 7.1 36.9 + 4.8 32.6+6.4 <.001
Lobectomy 16.9+5.3 19.8 +5.6 22.3+4.6 23.8+8.1 25.6+6.8 249 +73

PCWP Pneumonectomy 9.1+2.3 12.4+2.6 14.3+3.1 17.6 + 4.2 17.5 +3.6 174+2.8 <.001
Lobectomy 8.6 2.4 9.4+3.1 9.8+2.8 10.3 £4.2 9.7+34 9.6+3.3

PVR Pneumonectomy 952+ 1.1 170.4 + 9.2 180.8 + 7.5 191.6 £ 12.3 197.7 £ 9.8 206.7 8.5 <.001
Lobectomy 92.6 £8.3 120.5+78 136.4+ 5.6 142.6 £ 8.6 168.8 + 7.4 162.6 + 6.8

Cl Pneumonectomy 2.9+0.6 2.5+0.8 2.6 £0.4 2.7+0.3 2.8+0.5 2.8+0.8 .013
Lobectomy 3.2+0.9 3.0+ 0.9 3.1+0.3 3.1+0.5 3.1+0.7 3.1+0.2

RVEF Pneumonectomy 46.7 £ 6.3 38.8+8.4 37277 37.6 +7.8 35.3+£9.2 36.6 £ 8.6 <.001
Lobectomy 49.6 +9.8 44.2+9.1 43.8+8.5 43.3+£9.2 11.9+8.7 423+76

RVEDVI Pneumonectomy 82.7+76 98.8 £ 8.4 106.4 + 11.3 M2.7+77 113.9+ 8.6 109.4 + 6.9 <.001
Lobectomy 79.8+8.4 91.7+5.8 96.3 + 6.4 99.2 £ 7.1 94.7 £ 6.5 95.5+8.2

HR, heart rate; CVP, central venous pressure; MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; Cl, cardiac index; PCWP, pulmonary

capillary wedge pressure; PVR, peripheral vascular resistance; RVEF, right ventricular ejection fraction; RVEDVI, right ventricular end diastolic volume index; P, p-

value: it’s significant if p< 0.05

in the CVP and MAP. There were no statistically significant
changes in the preoperative and 12, 24, and 48 hour post-
operative records of CI, while 3 and 6 hour postoperative
measurements showed significant changes. There were statis-
tically significant changes between the preoperative and post-
operative records of HR, MPAP, PCWP, PVR, RVEF and
RVEDVI in all postoperative records as shown in Table 2.

For group (II): There were no statistically significant
changes between the preoperative and all postoperative
records in CVP, MAP, and CI. There were statistically sig-
nificant changes between the preoperative and postoperative
records of HR, MPAP, PCWP, PVR, RVEF and RVEDVT in
all postoperative records as shown in Table 3.

By comparing the results of the two groups, there were
no statistically significant changes between the preopera-
tive records for all parameters. There were no statistically
significant changes between all postoperative records in the
CVP and MAP. There were statistically significant changes
between all postoperative records for HR, MPAP, CI, PCWP,
PVR, RVEE, and RVEDVI in all postoperative records as
shown in Tables 4 and 5.

Figures 1-9 illustrate the intergroup differences between
group (I) and group (II) in the preoperative and all postopera-
tive hours’ recordings for HR, CVP, MAP, MPAP, CI, PCWP,
PVR, RVEF, and RVEDVI.

© 2018 Forum Multimedia Publishing, LLC

Lung resections are common thoracic surgical procedures
that can be done at any age for variable etiologies. Various exten-
sions of resection can be done, including pneumonectomy, lobec-
tomy, or segmentectomy. Many studies have been done to assess
the impact of these resections on the focused hemodynamics. We
focused our study on documenting these hemodynamic changes
in early stages after resection. Also, we designed our study to dif-
ferentiate between pneumonectomy and lobectomy RV function
through analysis of records taken by pulmonary artery catheter.

The association between cardiac arrhythmias and pulmonary
resection, especially above age 45 years, has been well known for
many decades. Rhythm disturbance can occur intra- or postop-
erative, and may be in the form of multiple extra-systoles, atrial
flutter, or atrial fibrillation which is the most common rhythm
disturbance [Hurt 1958, Kim 2006, Sato 2014].

In our study, there was a statistically significant increase
in the heart rate when comparing the pre- and postoperative
records of both groups. Also, there was a statistically signifi-
cant increase in the heart rate in the pneumonectomy group
in comparison with the lobectomy group postoperatively.
SVT was recorded in 22 (15.5%) patients who underwent
lobectomy and in 12 (33.3%) patients who underwent pneu-
monectomy. These results are very close to that reported by
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the same author in another study, as the reported SVT was
14.8% after lobectomy, and 30.5% after pneumonectomy
[Elrakhawy 2014]. There was an intraoperative episode of
AF in 2 (5.6%) patients who underwent pneumonectomy and
in 5 (3.5%) patients who underwent lobectomy; these results
are also close to that reported in another study in which the
reported intraoperative AF was 3.52% and 4.8% for lobec-
tomy and pneumonectomy [Wu 2012]. In our study, the post-
operative records showed development of AF in 15 (10.6%)
patients who underwent lobectomy and in 8 (22.2%) patients
who underwent pneumonectomy. These results are less than
that reported by other authors, who reported 18% and 23%
after lobectomy and 30% and 35% after pneumonectomy
[Vaporciyan2004; Rena 2001].

Comparing pre- and postoperative records of MPAP, there
was a significant increase in the postoperative readings in both
groups. There was also a significant change when comparing
the postoperative results of the two groups. In spite of these
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Figure 8. RVEF mean and 95% confidence interval for both groups pre-
operatively and postoperatively. RVEF indicates right ventricle ejection
fraction. } indicates pneumonectomy group; { lobectomy group.

significant changes, there was no pulmonary hypertension in
the lobectomy group, with a mild form of pulmonary hyper-
tension in the 12, 24, and 48 postoperative hour readings in
the pneumonectomy group, with pulmonary hypertension
defined as MPAP >30 mmHg [Wei 2014]. Other authors con-
cluded that lobectomy and pneumonectomy increased the
pulmonary artery pressure but without statistical significance
[Behzadnia 2004; Cumbo-Nacheli 2013].

Pulmonary edema (PE) following pulmonary resection is
a rare but serious complication with mortality of more than
50%. It is more frequent post-pneumonectomy than post
lobectomy, and the term post-pneumonectomy pulmonary
edema was first described in 1984 by Zeldin et al. [Zeldin
1984, Slinger 1999]. Thus, intravenous (IV) fluid manage-
ment is of significant importance for all patients scheduled
for pulmonary resection; management guided by CVP should
be considered to avoid pulmonary edema from over hydra-
tion in the perioperative period and this should be done on
an individual basis [Chau 2014; Tsuchida 2001; Kutlu 2000].

In our study, there was a wide range of variability in the
fluid management of patients. Regarding CVP and MAP
there were no significant change in the preoperative and all
postoperative records for the pneumonectomy and lobectomy
groups. There was no significant change in all postoperative
records between the two groups. This may be due to the vari-
ability of the fluid management for patients, which was indi-
vidualized for each case. Also, there was no early postopera-
tive pulmonary edema in the lobectomy group, with mild to
moderate in 4 cases (11.1%) in the pneumonectomy group
that occurred after 6 hours in 3 patients and after 24 hours in
1 patient, with no difference on the side of pneumonectomy (2
underwent right and 2 underwent left pneumonectomy). The
incidence of post-pneumonectomy pulmonary edema in our
series was less than reported in another study in which 15% of
patients developed PE [Parquin 1996]; but it was higher than
that reported in a study in which pulmonary edema occurred
in 5.1% of right pneumonectomies, and in 4.0% of left pneu-
monectomies. The same study reported pulmonary edema in
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1% of lobectomies [Waller 1993], while in our study no cases
developed pulmonary edema after lobectomy.

Regarding PCWP and PVR patients, group (I) showed
significant increase postoperatively, in comparison to the pre-
operative data in the same group. Also, the readings of these
parameters were increased post-lung resection in group (II).
The degree of this increase was higher in group (I) than group
(IT) with significant difference in between after ligation of the
vascular pedicle, leading to reduction of vascular bed for blood
flow from the right ventricle. These measurements were taken
by Swan-Ganz catheter through analysis of data after wedging
the balloon within the pulmonary artery, and this reflected the
increase in the afterload against the right ventricle which had
small muscle mass; one of the studies proved that, at the time
of pulmonary artery clamping, right ventricular ejection frac-
tion of less than 35%, pulmonary vascular resistance greater
than or equal to 200 dyne.sec.cm-5, and a pulmonary vascular
resistance/right ventricular ejection fraction ratio greater than
or equal to 5.0 predicted the development of long-term car-
diopulmonary disability[Lewis 1994].

Others suggested that a change in afterload may be the
main determinant of the deterioration in right ventricular
pump performance after major pulmonary resection[Okada
1994]. In our study, CI showed minimal change in both
groups of patients, especially in the pneumonectomy group,
which was reduced until the first 6 hours before returning to
its previous range; while in lobectomy cases, CI was reduced
in the first reading after 3 hours, and then physiological adap-
tation allowed the return to previous baseline values later.
Other authors found that in the acute post-resection period
(up to 2 hours postoperatively) there is right and left ventricu-
lar dysfunction [Mageed 2005].

Analysis of patient data for RVEF and RVEDVI revealed
that there was significant reduction of RVEF over all time
frames in both groups, which were more marked in pneu-
monectomy cases than in lobectomy cases by thermodilution
method. This is mostly explained by the increase in PCWP
and PVR (increase in the afterload). This was compensated in
group Il more than group I as there was a large surface area of
resistance resected; also, there was some circulatory volume
blood loss. One of the studies noted that elevation of the right
ventricular afterload associated with a decrease of pulmonary
vascular bed is a serious problem immediately after pneumo-
nectomy, which is compensated by increasing right ventricu-
lar work and decreasing circulating blood volume[Uno 1993].
"This was reflected in the increase of RVEDVI in both groups
significantly, and was higher also in pneumonectomy cases
versus lobectomy cases. In an analysis comparing lobectomy
patients and pneumonectomy cases others found a result of a
more pronounced and sustained deterioration in right ven-
tricular hemodynamics of RVEDVI and RVEF [Boldt 1996].
This is because of dilatation and distension of the thin RV
and some degree of impaired blood supply to the distended
ventricle. This is why diuretics play an important role during
management of cases after lung resection, especially in cases
of pneumonectomy. There is definitely a degree of RV dys-
function post-lung resection with either pneumonectomy
or lobectomy cases. Therefore, surgeons must consider that
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before any procedure, so RV assessment is an important indi-
cator for outcome of patients after lung resection, and these
evaluations can be performed by TTE.

Conclusion

Our study demonstrates that there is right ventricular dys-
function early after major pulmonary resection as evidenced
by increased RV afterload. This dysfunction is more pro-
nounced in pneumonectomy than in lobectomy. HR, MPAP,
PCWP, PVR, RVEF, and RVEDVI are significantly affected
by pulmonary resection, while CVP, MAP, and CI are mini-
mally affected. It is recommended that right ventricular func-
tion be assessed preoperatively by echocardiography.
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