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ABSTRACT

Background: Assessment of patient’s fithess prior to major surgery is mandatory because co-morbidities
predispose to postoperative complications; however the ability of pulmonary function tests to predict
postoperative cardiopulmonary complications is still poorly defined.

Objective: to examine the role of preoperative measurements of cardiopulmonary exercise testing and other
lung function tests in predicting postoperative outcomes in patients undergoing major upper gastrointestinal
surgery (stomach, oesophagus, small intestine, gall bladder and pancreas surgery).

Patients and methods: A 193 patients who had major upper gastrointestinal surgery’ age, sex and smoking
status were recorded and they underwent a range of tests including body mass index, flow-volume curve
spirometry, blood gas analysis, transfer factor for carbon monoxide (TLCO) and CPET at the Pulmonary
Function Laboratory of Glasgow Royal Infirmary between August 2008 and December 2011. Post-operative
morbidity and mortality was analysed for all patients who underwent major surgery.

Results: Comparisons between patients that did or did not have post operative pulmonary complications
showed significant differences in anaerobic threshold as % predicted maximum oxygen consumption during
exercise (VO2; p<0.05), length of high dependency care stay (p<0.001), length of ward stay (p<0.01) and
length of hospital stay (p<0.001). There were significant differences between those patients with and without
operative anastomotic leak in body mass index (BMI; p<0.05), length of high dependency care stay
(p<0.001), length of ward stay (6 vs.15, respectively; p<0.001), length of hospital stay (14 vs. 28,
respectively; p<0.001) and duration between date of surgery and date of commencing postoperative
chemotherapy (p<0.01).

Conclusion: CPET and in particular anaerobic threshold % maximum predicted is useful in predicting the
likelihood of the development of pulmonary complications in patients undergoing upper gastrointestinal
surgery.
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INTRODUCTION

ecreasing complications and death following

major surgery remains a significant
challenge. Postoperative complications have an
enormous influence on early recovery and hospital
outcome as well as on long term survival after
surgery™? therefore, identification of vulnerable
groups before surgery is important in order to
stratify postoperative risk, future intervention
studies and ensure the efficient use of resources
related to health care®.

Outcome following surgery is dependent on two
main factors: patient fithess and the operation
itself. Postoperative complications most probably
occur in a small group of high risk patients;
furthermore many patients undergoing gastro-
oesophageal cancer surgery have major co-morbid
disease, which strongly influences their
postoperative death risk®>.

Oesophageal and gastric cancer are common
diseases that cause great challenges to surgeons
because most patients present with advanced
disease and curative surgery needs considerable
resources in the operating theatre and in critical
care®.

There is a simple scoring system called the
physiological and operative severity score for the

enumeration of mortality and morbidity (POSSUM)
and this system has proved an efficient indicator of
the risk of morbidity and mortality in the general
surgical patients. It requires, however, information
both pre-operatively and post-operatively* and
over-estimates  post-operative  mortality and
morbidity for pancreaticoduodenectomy5’6. Other
risk stratification tests such as resting spirometry,
electrocardiogram and echocardiogram are
designed to predict specific organ postoperative
complications, mainly respiratory or cardiac”®.
Blood gas analysis and anthropometry has been
recommended in certain conditions, for example
pre-operative  respiratory  symptoms, major
operation, prolonged duration of surgery or when
obesity is a risk factor for operation'®*. These
investigations have been found to be limited
predictive tools for more generalised post-
operative complications'**%. In addition, some of
these investigations are often time and resource
limited™.

Recently, it has been reported that CPET offers
an objective measurement of cardiopulmonary
fithness that can determine the physiological
capacity of the individual to meet the increases in
metabolic demands that occur during trauma like
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major surgery™>'®. There is, however, no clear

agreement on the best CPET parameter to predict
post-operative outcome. Some studies
demonstrated that exercise test variables (Peak
VO, (PVO,), anaerobic threshold) can predict post
oesophagectomy cardiopulmonary complications
in oesophageal cancer patients*”*®; while another
study suggested that CPET was of limited value in
predicting cardiopulmonary complication post
oesophagectomy™®. Anaerobic threshold
measurement improved the prediction of post-
non-cardiopulmonary surgery complications
compared with questionnaire-based activity
assessment of metabolic equivalent score
functional capacity 3

Aim of the study

There have been few comparative studies of the
role of CPET in the analysis of peri-operative risk
assessment in patients undergoing major upper
gastrointestinal surgery and neoadjuvant
chemotherapy. The aim of the present study was
to examine the relationship between these pre-
operative measurements and post-operative
outcomes in those patients.

PATIENTS AND METHODS

243 patients were referred to the Pulmonary
Function Laboratory of Glasgow Royal Infirmary
between August 2008 and December 2011 who
subsequently underwent surgery. A total of 193 of
these patients underwent  major  upper
gastrointestinal surgery within 60 days post CPET.
Age, sex and smoking status were recorded.

A further 19 patients underwent major upper
gastrointestinal surgery more than 60 days post
CPET, 17 patients underwent abdominal aortic
aneurysm surgery, 13 underwent less radical
upper gastrointestinal surgery (laparoscopic
excision or laparotomy only) and 1 patient’s case
record was not accessible to evaluate the degree
of upper gastrointestinal surgery. These cases
were excluded from this study.

Investigations at the pulmonary function
laboratory: The diagnosed patients were referred
to the pulmonary laboratory. Tests including
anthropometric measurements, flow-volume curve
spirometry test, blood gas analysis, transfer factor
for carbon monoxide test (TLCO) and
cardiopulmonary exercise tests (CPET) were
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performed. CPET was conducted by using an
electrically braked bicycle ergometer. An electronic
sphygmomanometer and 12- ECG electrodes were
connected to the patient and the CPET protocol
was started with 3 minutes rest. At the end of 3
minutes, the patients were asked to start unloaded
cycling for 1 minute at a constant pedaling rate of
between 50-60 revolution per minute (rpm)
depending on the metronomic of the bike ***%.
After that the work load started to increase
incrementally of 10-20 watt/minute but it was
modified depending on subject’s fithess, so when
the patient was very frail and old, the increment
rate was decreased to 5 watt/min and when the
patient was young and fit, the increment rate was
increased to 15 watt/min %*?*. The patients
continued pedaling until either; they reached their
exhaustion level or they had any other limiting
symptom that prevent them to continue more
cycling 2. At the end point of the test, the patient
entered the recovery period where they were
asked to continue pedaling without load for at least
2 minutes. ECG, heart rate, blood pressure,
respiratory exchange ratio (RER) and pulse
oximetry were monitored 20,

The test was ended before the patients reached
exhaustion level or when the patients signaled that
they had chest pain or difficulty in breathing. The
test was also stopped if there was depression or
elevation of the ST segment of the ECG 22 mm, T
wave inversion or sustained ventricular tachycardia
15, 27,28

Anaerobic threshold determination was done
using the V-slope method '*** which was
confirmed by ventilatory equivalent, end tidal
partial pressure methods [Reviewed 16,28 and
respiratory exchange ratio (RER) changes *°.

Follow up of patients for postoperative
outcomes: The prospective follow up of all
patients who underwent major surgery was
performed by examining the following categories:
Morbidity - defined as complications at 30 days
postoperatively including medical (cardiac and
pulmonary) complications and /or surgical
technique (wound infection and an anastomotic
leak) complications.

Length of hospital stay (LOHS), high
dependency unit (HDU) stay, intensive care unit
(ICU) stay and ward stay during the in-hospital
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period and any readmission to them which
happened within 30 days postoperatively. Length
of high dependency unit stay and length of
intensive care stay were merged in this study as
length of high dependency care stay.

Mortality - defined as 30 day postoperatively or
postoperative in-hospital mortality %, The duration
between the date of operation and the date of
commencing post-operative chemotherapy when it
was indicated.

Statistics: The data were presented as median
and range or numbers and percentages. An
appropriate comparison of patient groups was
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carried out using a Kruskal-Wallis test, Mann-
Whitney and chi square test from SPSS software;
significant was defined as P value < 0.05 (two-
sided).

RESULTS

The 193 patients were categorised depending on
development of post operative cardiopulmonary
complications into patients with no post-operative
cardiopulmonary complications and those with post
operative cardiopulmonary complications. 54% of
patients developed post-operative
cardiopulmonary complications. Table 1.

Table 1: The relationship between clinicopathological characteristic indices and CPET parameters in patients having
upper gastrointestinal surgery in the 1% 60 days post CPET grouped into those with and without post-operative

cardiopulmonary complications (n=193).

Normal Cardiopulmonary complication P-
Parameters
range No (n=89) Yes (n=104) value

Age (years) 67 (38-83) 66 (38-86) 0.705
Sex: n (%) Male/female 50 (56)/39 (44) 71 (68)/33 (32) 0.084
Smoking Non-smoker 32 (42) 28 (31)
status Ex smoker 25 (33) 28 (31) 0.065
n (%) Current smoker 19 (25) 34 (38) ‘

Most deprivation (1) 20 (24) 31 (34)
Deprivation (2) 13 (16) 19 (21)
Level (3) 21 (26) 17 (19) 0.081
n (%) 4 11 (13) 11 (12)

Least deprivation (5) 17 (21) 13 (14)
Body mass index (kg/m?) 18.5-25 25.6 (17.6-42.2) 25.4 (17.1-39.3) 0.500
arterial PCO2 (kpa) 4.5-6.0 4.4 (3.2-5.7) 4.6 (3.5-6.9) 0.104
t Hb (g/dl) 12-16 14(9-17) 14 (8-18) 0.488
carbox_Hb (%) 0.3-1.0 2.6 (0.9-10.5) 2.7 (1.3-12.5) 0.147
FVC (%predicted) >75 118 (68-156) 110 (62-160) 0.008
FEV1/FVC (%Predicted) > 75 94 (62-122) 96(56-120) 0.563

0 .
(TnL=C7%corrected for Hb & SA (%predicted) .75 89 (59-122) 88 (30-120) 0.579
Peak VO, (absolute)(ml/min/kg) 35-40 16.0 (10.2-32.0) 15.3 (9.2-39.4) 0.876
PeakVO; (% predicted maximumVO2) >80 72.1 (33.4-128.7) 67.2 (38.8 -142.7) 0.077
Anaerobic threshold (absolute)(ml/min/kg) 15-25 10.7 (6.0-16.9) 10.1 (6.3-18.8) 0.502
. 0 .

Anaerobic threshold (% predicted 40-80 47.2 (19.4-83.6) 41.4 (24.7-84.5) 0.020
maximumVOy)
VE/VCO; (at anaerobic threshold) 23-34 30 (22-41) 29 (21-49) 0.722
VE/VO, (at anaerobic threshold) <34 29 (18-43) 28 (17-48) 0.759
Work efficiency (ml/kg.min) 8.5-11 9.4 (6.1-14.7) 9.5 (5.7-13.9) 0.730
Ventilatory reserve (%) 15-50 44 (20-83) 46 (16-91) 0.768
Length of high dependency care stay 7 (2-15) 9 (3-59) <0.001
Length of ward stay 5 (0-28) 9 (0-48) <0.001
Length of hospital stay 12 (6-39) 19 (7-80) <0.001
1% postoperative month mortality: 94 (90)/10 (10)
No [n (%)]/yes [n (%)] 89 (100)/0 (0) 0.003
Duration between surgery and commencing 69 (37-268) 73 (37-887) 0219

postoperative chemotherapy

*All values given as median (range) or numbers (%).
Total patients’ numbers vary due to incomplete data.

SA = surface area; VE = ventilatory equivalent.
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There were significant associations between
postoperative cardiopulmonary complications and
mortality within the first month postoperatively or
in-hospital mortality (p<0.01), where patients with
post-operative cardiopulmonary complications had
a higher percentage of mortality compared with
patients with no post-operative cardiopulmonary
complications. There were significant difference
between the groups with and without post
operative cardiopulmonary complications in FVC %
predicted (118 vs. 110, respectively; p<0.01),
anaerobic threshold % predicted maximumVO,
(47.2 vs. 41.4, respectively; p<0.05), length of high
dependency care stay (7 vs. 9, respectively;
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p<0.001), in length of ward stay (5 vs. 9,
respectively; p<0.001) and length of hospital stay
(12 vs. 19, respectively; p<0.001). There were no
significant differences between the two groups in
other variables.

The 193 patients who underwent major upper
gastrointestinal surgery within 60 days post CPET
were then categorised depending on development
of post operative pulmonary complications into two
groups; those with no post operative pulmonary
complications those with post operative pulmonary
complications. 44% of patients developed post-
operative pulmonary complications.Table 2.

Table 2: The relationship between clinicopathological characteristic indices and CPET parameters in patients having
upper gastrointestinal surgery in the 1% 60 days post CPET grouped into those with and without post-operative

pulmonary complications (n=193).

Normal Pulmonary complication
Parameters P-value
range No (n=109) Yes (n=84)

Age (years) 67 (38-85) 64 (39-86) 0.320
Sex: n (%) Male/female 67 (61)/42 (39) 54 (64)/30 (36) 0.689
Smoking Non-smoker 40 (43) 20 (28)
status Ex smoker 31(33) 22 (30) 0.014
n (%) Current smoker 23 (24) 30 (42) '

Most deprivation (1) 23 (23) 28 (38)
Deprivation @) 19 (19) 13 (18)
Level (3) 24 (24) 14 (19) 0.095
n (%) 4 15 (16) 7(9)

Least deprivation (5) 18 (18) 12 (16)
Body mass index (kg/m?) 18.5-25 25.9 (17.6-42.2) 25.2 (17.1-37.6) 0.842
arterial PCO> (kpa) 4.5-6.0 4.5 (3.2-6.9) 4.6 (3.6-6.3) 0.142
t Hb (g/dI) 12-16 14 (9-17) 14 (8-18) 0.531
carbox_Hb (%) 0.3-1.0 2.5 (0.9-10.5) 2.8 (1.3-12.5) 0.088
FVC (% predicted) >75 118 (68-156) 109 (62-160) 0.002
FEV1/FVC (% Predicted) > 75 95 (62-122) 96 (56-120) 0.423
TLCO corrected for Hb & SA (% predicted) (n=71) >75 89 (59-122) 88 (30-120) 0.435
Peak VO, (absolute)(ml/min/kg) 35-40 16.2 (10.2-34.3) 15.1 (9.2-39.4) 0.428
PeakVO2 (% predicted maximumVO2) >80 72.0 (33.4-128.7) 67.2 (39.4-142.7) 0.083
Anaerobic threshold (absolute)(ml/min/kg) 15-25 10.7 (6.0-16.9) 9.8 (6.3-18.8) 0.114
Anaerobic threshold
(% predicted maximumvo2 ) 40-80 47.2 (19.4-83.6) 40.4 (25.1-84.5) 0.019
VE/VCO; (at anaerobic threshold ) 23-34 30 (21-41) 29 (21-49) 0.514
VE/VO2 (at anaerobic threshold) <34 29 (18-43) 28 (17-48) 0.369
Work efficiency (ml/kg.min) 8.5-11 9.3 (5.9-14.7) 9.6 (5.7-13.9) 0.314
Ventilatory reserve (%) 15-50 45 (20-83) 45 (16-91) 0.725
Length of high dependency care stay 7 (2-16) 10 (4-59) <0.001
Length of ward stay 5 (0-28) 9 (0-48) 0.002
Length of hospital stay 12 (6-40) 19 (7-80) <0.001
1 postoperative month mortality:
No [n (%)Jives [n (%)] . 109 (100)/0 (0) 74 (88)/10 (12) <0.001
Duration between surgery and commencing 70 (37-268) 72 (37-887) 0.620

postoperative chemotherapy

*All values given as median (range) or numbers (%). Total patients’ numbers vary due to incomplete data.

SA = surface area; VE = ventilatory equivalent.
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There were significant associations between
postoperative  pulmonary complications  with
smoking status (p<0.05), where patients without
postoperative pulmonary complications had a
higher percentage of non-smokers and lower
percentage of current smokers compared with
those with postoperative pulmonary complications.
There were significant associations between
postoperative  pulmonary complications and
mortality within the first month postoperatively or
in-hospital mortality (p<0.001), where patients with
post-operative pulmonary complications had higher
mortality levels compared with patients without
post-operative pulmonary complications. There
were significant differences between without and
those with post operative pulmonary complications
in FVC % predicted (118 vs. 109, respectively;
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p<0.01), in anaerobic threshold % predicted
maximum VO, (47.2 vs. 40.4, respectively;
p<0.05), in length of high dependency care stay (7
vs. 10, respectively; p<0.001), in length of ward
stay (5 vs. 9, respectively; p<0.01) and in length of
hospital stay (12 vs. 19, respectively; p<0.001).
There were no significant differences between the
two groups in other variables.

The 193 patients were then further categorised
depending on the development of post operative
anastomotic leak complications into two groups:
Those without post operative anastomotic leak and
those patients with post operative anastomotic
leak. 16% of patients developed post-operative

anastomotic leak. Table 3.

Table 3: The relationship between clinicopathological characteristic indices, CPET parameters in 1st 60 days in patients
with and without postoperative anastomotic leak in upper gastrointestinal surgery (n=193).

Normal An anastomotic leak P-
Parameters range No (n=162) Yes (n=31) value
Age (years) 66 (38-86) 67 (39-83) 0.718
Sex: n (%) Male/female 100 (62)/62 (38) 21 (68)/10 (32 0.527
Smoking Non-smoker 51 (37) 9(32)
status Ex smoker 44 (32) 9 (32) 0.584
n (%) Current smoker 43 (31) 10 (36)
Deprivation Most deprivation (1) 43 (30) 8 (29)
5 e .
0
n(%) @) 16 (11) 6 (21) 0o
Least deprivation (5) 26 (18) 4 (14)
Body mass index (kg/m°?) 18.5-25 25.2 (17.1-42.2) 27.2 (18.7-37.6) 0.044
arterial PCO3 (kpa) 4.5-6.0 4.5 (3.2-6.9) 4.7 (3.4-6.3) 0.034
t Hb (g/dl) 12-16 14 (8-18) 14 (10-18) 0.521
carbox_Hb (%) 0.3-1.0 2.6 (0.9-12.5) 2.6 (1.5-6.9) 0.782
FVC (% predicted) >75 114 (62-160) 108 (70-150) 0.102
FEV1/FVC (% Predicted) > 75 94 (58-122) 97 (56-117) 0.202
TLCO corrected for Hb &SA (%predicted) (n=71) >75 89 (30-122) 88 (42-120) 0.612
Peak VO, (absolute)(ml/min/kg) 35-40 16.0 (9.2-39.4) 15.0 (10.2-26.8) 0.204
PeakVO; (% predicted maximumVO2) >80 70.2 (33.4-142.7) 67.9 (34.5-131.9) 0.200
Anaerobic threshold (absolute)(ml/min/kg) 15-25 10.6 (6.0-18.8) 9.8 (6.7-16.6) 0.274
Anaerobic threshold 40-80 45.6 (19.7-83.6) 42.1 (19.4-84.5) 0.241
(% predicted maximumVO2 )
VE/VCO:3 (at anaerobic threshold) 23-34 30 (22-49) 28 (21-37) 0.084
VE/VO, (at anaerobic threshold) <34 29 (18-48) 27 (17-37) 0.096
Work efficiency (ml/kg.min) 8.5-11 9.4 (5.7-14.7) 9.6 (6.3-11.7) 0.581
Ventilatory reserve (%) 15-50 46 (16-91) 45 (24-74) 0.694
Length of high dependency care stay 7 (2-42) 14 (5-59) <0.001
Length of ward stay 6 (0-40) 15 (0-48) <0.001
Length of hospital stay 14 (6-70) 28 (13-80) <0.001
1% postoperative month mortality 159 (98)/3 (2) 24 (77)I7 (23) <0.001
Duration between surgery and commencing 68 (37-887) 101 (64-143) 0.007

postoperative chemotherapy

*All values given as median (range) or numbers (%).
Total patients’ numbers vary due to incomplete data.

SA = surface area; VE = ventilatory equivalent.
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There were significant associations between
post-operative anastomotic leak and mortality
within the first month postoperatively or in hospital
mortality (p<0.001), where patients with post-
operative anastomotic leak had a higher
percentage of mortality compared with patients
without. There were significant differences
between patients without and those with post
operative anastomotic leak in body mass index
(25.2 vs. 27.2, respectively; p<0.05), in PCO2
(kpa) (4.5 vs. 4.7, respectively; p<0.05), in length
of high dependency care stay (7 vs. 14,
respectively; p<0.001), in length of ward stay (6
vs.15, respectively; p<0.001), in length of hospital
stay (14 vs. 28, respectively; p<0.001) and in
duration between date of surgery and date of
commencing postoperative chemotherapy (68 vs.
101, respectively; p<0.01). There were no
significant differences between both groups in
other variables.

DISCUSSION

The results of the present study show that CPET
was an indicator of the development of post-
operative complications. In particular, a reduction
in anaerobic threshold % predicted maximum VO,
was associated with post-operative
cardiopulmonary complications and in particular
pulmonary complications.

This finding is supported by other studies
demonstrating that pre-operative CPET and
especially anaerobic threshold measurement can
predict patients at risk for early postoperative
complications **3. Conversely, other studies have
suggested that CPET has a limited value in
predicting post-operative cardiopulmonary
morbidity in patients undergoing oesophagectomy
1 Forshaw et al. used a small patient number
(64), male patients only and had a smaller
proportion of patients (16%) with an anaerobic
threshold less than 11 ml/min/kg that underwent an
operation. The present study had a larger sample
size (193), examined both sexes and had 64% of
patients with an anaerobic threshold less than 11
ml/min/kg undergoing an operation which may
explain the differences. Our results are also in
contrast with those of Paisani et al. (2012) who
suggested that cardiopulmonary assessment using
the 6-minute walking test pre-operatively did not
predict post-operative pulmonary complications in

Ann Coll Med Mosul June 2019 Vol. 41 No. 1
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upper abdominal surgery **. Other authors have
described the 6-minute walking test as a useful
tool to stratify risk where CPET is unavailable ¥,
however the difference between the results of
Paisani, et al. and the present study suggest that
CPET is a more powerful tool in surgical risk
assessment.

Major surgery places a severe stress on the
cardiopulmonary reserve. This is associated with
an increase in oxygen consumption by 40%, and
this increase has to be continued for several days
post surgery, so that a substantially greater
cardiorespiratory reserve is required**®*. The
rationale  for investigating cardiopulmonary
exercise test is based on the fact that CPET is as
an indicator of cardiopulmonary reserve. This
study found that an anaerobic threshold
determined by CPET would be a more precise
variable to predict cardiopulmonary reserve than
PVO, because anaerobic threshold is not
dependent on patient motivation *. In addition,
oxygen extraction rate during exercise is much
greater than that extracted during surgery **. This
finding of ability of anaerobic threshold to predict
cardiopulmonary reserve better than PVO, is,
however, not supported by Nagamatsu et al., who
suggested that VO, maximum closely correlated
with the occurrence of post-operative
cardiopulmonary complications in
oesophagectomy, while the anaerobic threshold
did not correlate with the occurrence of
complications *°. The difference in results may be
due to the Japanese population examined by
Nagamatsu et al. being different from the Glasgow
population used in the present study.

FVC% predicted may play an important role in
predicting post-operative cardiopulmonary
complications and in particular pulmonary
complications. This finding is consistent with the
recent study that outlined that FVC can predict 5 yr
survival after major upper gastrointestinal surgery
¥ Interestingly, this finding in this study was
observed in patients with normal pulmonary
function, in particular FVC % predicted. The
physiological explanation of this finding is that all
patients who undergo abdominal surgery have
some impairment of respiratory function and in
addition, anaesthesia causes the development of
areas of microatelectasis, which grow due to
shallow monotonous ventilation, along with
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reduced mucociliary clearance that accompanies
postoperative lethargy. Furthermore anaesthesia
leads to a temporary dysfunction of the diaphragm
after abdominal surgery which helps to explain the
affinity of atelectasis for the bases of the lungs®®.
This  respiratory muscle dysfunction and
microatelectasis may increase the frequency of
postoperative  pulmonary  complications. In
addition, the presence of either preoperative
obstructive or restrictive pulmonary disease
increases the risk of developing perioperative
respiratory complications®*“°, so that post-
operative pulmonary complication can occur in
patients with normal preoperative lung function and
not necessarily only in patients with reduced lung
function.

In  this study post-operative pulmonary
complications were the most common
complications (44%). This finding is supported by
previous work that has suggested that pulmonary
complications may be as or more common than
cardiac complications [Reviewed by 41]. It has
been found that there is a wide estimation of post-
operative pulmonary complications in the literature
(20-69%)"**** This study found that the
pulmonary complication frequency was
approximately 44% which is located within this
range.

In the present study it was showed that CPET
was not helpful to predict an anastomotic leak.
This finding was inconsistent with the study that
demonstrated that CPET and especially anaerobic
threshold were associated with post-operative
pancreatic leakage®. In the Ausania et al., study,
however, patients underwent only one kind of
surgery (pancreaticoduodenectomy) while in this
study, the patients underwent different upper
gastrointestinal surgeries.

There was a positive relationship between BMI
and postoperative anastomotic leak in the present
study. This is in keeping with a previous study
which showed that patients with higher BMI have a
more likelihood to develop gastrointestinal leak
post laparoscopic ROUX-en-Y gastric bypass and
post gastrectomy *>*°.

All  types of  complications, including
cardiopulmonary, pulmonary and anastomotic leak
complications led to secondary outcomes including
increasing in length of high dependency care stay,
ward stay and length of hospital stay as well as
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increased first postoperative month mortality, this
finding is supported by many studies 21, Reviewed
by “47484°  Anastomotic leak had an additional
secondary outcome which was an increase in the
duration between operation and the date of
commencing chemotherapy where chemotherapy
was indicated. This is consistent with other studies
which have shown that the likelihood of receiving
adjuvant treatment is negatively affected by the
course of postoperative recovery in pancreatic
cancer surgery ** %,

CONCLUSION

It appear from the results of the present study that
CPET, especially AT % maximum predicted, is the
useful one of CPET parameters in predicting the
likelihood of development cardiopulmonary
complication and in particular pulmonary
complications in patients undergoing upper
gastrointestinal surgery.
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