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Abstract

Background: Postoperative pulmonary complications (PPCs) are among the most frequently reported
complications of Coronary Artery Bypass Graft (CABG) surgery. However, the risk to develop a PPC is not the same
for all patients. The aim of this study was to validate a previously developed preoperative six-factor pulmonary risk
model (age>70 years; productive cough, smoking, diabetes mellitus, inspiratory vital capacity > 75% predicted and
maximum expiratory mouth pressure>75% predicted) to predict pneumonia, in patients undergoing CABG surgery.

Methods: Prospectively collected data for 421 adult patients who had undergone elective CABG surgery, in a
university medical center in the Netherlands, were used to validate the preoperative risk model for predicting
pneumonia. The accuracy of the model was tested by comparing the expected and observed incidence of
pneumonia in each patient.

Results: Of the 421 patients, 227 (54%) were classified as being at high pulmonary risk, 24 (11%) of whom
developed pneumonia. Only 4 of the 194 (2%) patients classified as being at low pulmonary risk developed
pneumonia (OR=5.6; 95%Cl, 1.9 to 16.5). The sensitivity (SE) was equal to 0.86, at a specificity (SP) of 0.48, both
close to the values calculated for the development sample (SE=0.87, SP=0.56). The negative predictive value (NPV)
was 0.98 and the area under curve (AUC) of the receiver-operating characteristics (ROC) curve was 0.76. The
model that includes only the four anamnestic risk factors (age= 70 year, productive cough, smoking and diabetes
mellitus) had an AUC equal to 0.75, with a SE=0.75, SP=0.62, and NPV=0.97.

Conclusion: The study confirms the diagnostic accuracy of the preoperative six-factor pulmonary risk model in
an independent sample. Both the six-factor and even the simple anamnestic four-factor models are accurate in
identifying preoperative patients at risk of developing pneumonia undergoing CABG surgery.
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Introduction

Numerous studies have attempted to identify risk factors for
patients undergoing cardiac surgery [1-10]. Knowing the risk is
important to patients to determine whether the risk of surgery is
personally acceptable to them. Surgeons need to know the patients risk
factors to determine whether CABG surgery is an appropriate
intervention, and to alert physicians to those patients who may need
additional care or monitoring. Risk and risk scores are also of interest
to quality assurance and assessment experts for comparing outcomes
among providers (hospitals, surgeons) after adjusting for risk, and for
providing an opportunity to assess changes in risk-adjusted outcomes
for a single provider across time.

Over the last decade, several risk models, such as Parsonnet,
EuroSCORE, STS, and UK Bayes, have been proposed to predict short-
term mortality after accounting for differences in clinical case mix
[3,5,9,11,12]. In cardiac surgery, short-term mortality is frequently
used as a measure of performance [10], whereas postoperative
pulmonary complications (PPCs) are recognized as being a major
determinant of hospital costs and quality of life after heart surgery
[13]. Consequently, there is a need for risk models that can evaluate
and weigh preoperative risk factors and accurately predict which
patients due to undergo CABG surgery are at risk of developing PPCs.

The aim of this study was to validate a previously developed
preoperative risk model [14] designed to separate patients undergoing
CABG surgery into those with a high risk and those with a low risk of
developing PPCs, in particular pneumonia. Preoperative identification
of patients at high risk of developing pneumonia after surgery can help
clinicians to direct preoperative and postoperative interventions
towards those that might benefit most.
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Patients and Methods

Patients

Data were collected from patients who underwent elective CABG
surgery between July 2002 and September 2005, in the Department of
Cardiac Surgery, University Medical Center (UMC) Utrecht, The
Netherlands. The protocol (number 02/035-E) was approved by the
Institutional Review Board and Ethics Committee. Patients scheduled
for primary elective CABG who had the ability to understand
informed consent were eligible. Exclusion criteria were a history of
cerebrovascular accident, use of immunosuppressive medication for 30
days prior to surgery, presence of a neuromuscular disorder, and a
history of pulmonary surgery, cardiovascular instability, or aneurysm.
Written informed consent was obtained from all participants.

On the basis of the risk model [14], the six factors were scored
preoperatively to determine a patient’s risk of developing pneumonia:
age 2 70 years and productive cough each scored 3 points, smoking
and diabetes mellitus each scored 2 points, and inspiratory vital
capacity (IVC) and maximum expiratory mouth pressure (P pax) (2
75%predicted) (both are protective factors) each scored -2 points. These
six factors were added to yield a total risk score, ranging between -4
and 10 points. The suggested cut-off value for high risk is a score >-1
[14].

Data collection

Demographics and preoperative risk factors were prospectively
recorded by means of a standardized interview. Age, gender, weight,
height, body mass index (BMI), type of surgical procedure, current
diagnoses, pulmonary status, history of smoking, history of myocardial
infraction, diabetes mellitus, and spirometry and respiratory muscle
testing findings were recorded preoperatively. Data obtained from
medical records included duration of surgery, duration of mechanical
ventilation, and perioperative complications. Included patients were
closely monitored during their entire hospital stay until discharged.

A microbiologist and infection control professional , who were
independent and blinded for the (high/low pulmonary risk) group
allocation, collected data from the medical and clinical records,
assessed bacteriology samples, and evaluated other data indicative of
bronchitis and/or pneumonia, such as results of auscultation, chest X-
rays, bacteriology samples, temperature curves, productive cough,
hypoxemia, hypercapnia, reintubation, and ventilatory failure,
according to the criteria of the Centers for Disease Control (CDC) and
Prevention [15].

Pulmonary function tests

Force vital capacity (FVC), inspiratory vital capacity (IVC), and
forced expiratory volume in 1 second (FEV)), were measured by
spirometry (MicroLoop; PT-Medical, Leek the Netherlands).
Spirometry was standardized according to the American Thoracic
Society recommendations and was performed with the patient in a
sitting position [16]. The value recorded was the best of three
consecutive attempts. Predicted values for pulmonary function were
calculated from regression equations according to age, height, and sex
[17]. The accuracy of the spirometer is 2%, or 0.05 L, and the
validation limits for flow are 3% or 0.07 L (operating manual). The
reproducibility criterion used was that the largest FEV, and the second
largest FEV should not vary by more than 5% or 0.10 L. If the first

three measurements did not agree within 5% of each other, three
additional measurements were taken. The reproducibility of this
procedure was evaluated beforehand in 10 healthy subjects. The intra-
class correlation coefficient was 0.99 for FEV1, and FVC and 0.98 for
IVC[18].

Respiratory muscle tests

To evaluate maximal inspiratory and expiratory respiratory
strength, the maximal inspiratory and expiratory mouth pressures (P;_
max and Pe..), were measured with a hand-held pressure gauge
(RPM; PT-Medical, Leek the Netherlands). The P .. reflects the
strength of the diaphragm, whereas the P, ., reflects the strength of
abdominal and intercostal muscles [19]. Tests of maximal respiratory
strength are useful if respiratory muscle weakness is suspected to be
the cause of small lung volumes, or hypoventilation [20].
Standardization of the respiratory muscle tests was carried out
according to Clanton and Diaz [21]. Normal values for Pi-max and Pe-
max were calculated from regression equations according to age and
sex [19,22]. Five measurements were recorded, with the criterion that
the two highest values did not vary by more than 10%. Since there
could be some overshoot in the signal with some maximal respiratory
strength instruments, we also calculated the mean of the five highest
values [23]. We then compared this mean with the single highest
maximal respiratory pressure value. The difference was 5 cm H,0O or
less for 93% of the participants, so we concluded that overshoot was
minimal with the instrument, and that most of the participants could
sustain their maximal pressure for at least 1.0 second. Therefore, we
report the highest value obtained in 1.0 second.

PPCs

The six-factor risk model to be validated was originally developed to
identify PPCs of grade 2, 3 and 4. The clinically most relevant
complications fall into grades 3 and 4. In this paper we use pneumonia
(both suspected and proved) as the primary outcome measure.
Pneumonia is widely used in the literature, it is well defined according
to internationally accepted CDC criteria [15], and it is largely
responsible for other complications, like reintubation and ventilatory
failure.

Four-factor model

The six-factor model as developed requires four anamnestic factors
(age, productive cough, smoking, diabetes mellitus) and two measured
factors (IVC, Pe_max)- When it is not possible to obtain the measured
factors, we consider the use of a four-factor risk score, which is
exclusively based on anamnestic data. It is of practical interest to know
how well the four-factor risk score performs relative to the six-factor
risk score without pulmonary function test.

Statistical analysis

The data were stored in SPSS, version 18.0 (SPSS Inc., Chicago, IL,
USA), checked for completeness, and obvious outliers were removed.
The performance of the six-factor risk model was measured in terms
of its discrimination. We calculated each patient’s predicted outcome
(pneumonia) and compared this with the known patient outcome.
Discrimination, which was measured using the area under the curve
(AUC) at varying cut off values, captures the model’s ability to
distinguish patients who developed pneumonia from patients who did
not. A model with an AUC of 0.5 has no discriminative power at all
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(such as a coin flip), and an AUC of 1.0 reflects perfect discrimination Myocardial infarction in| 13 (46.4) 98 (24.9) 206 | 1.04—| 0.0
without any false-positive and false-negative results [24]. history, No. (%) 4.08
Hypertension, No. (%) | 10 (35.7) 150 (38.2) | 0.90 | 0.40-|0.79
Results 1.99
. Hypercholesterolemia, 1(3.6) 40 (10.2) 0.11 0.01 - 0.03
Patients No. (%) 0.85
A total of 458. consecutive patients un_derwent first-time elective [\ " v L Heart| 1 36) 42(107) 181 | 089-| 010
CABG surgery in the University Medical Center Utrecht, the | association class, No. 971 73186 3.68
Netherlands. Thirty-seven patients were excluded: 4 patients did not | (%) 1 (18.6)
understand Dutch, 8 had undergone an emergency procedure, 16 had _NYHA | 25(89.3) 268 (68.2)
undergone percutaneous transluminal coronary angioplasty, and 9 | _\yHA 1l 0(0.0) 10 (2.5)
patients died (5 patients died before surgery due to cardiac reasons, 3 | NYHA I
died after surgery due to on respiratory failure as a consequence of
pneumonia, and 1 died after surgery due to cardiac failure). The -NYHAV
remaining 421 patients were available for the study, of who 28 | pyration of surgery, | 250.61 (72.2) | 259.98 (91.2) | 0.99 | 0.99 —| 0.59
developed pneumonia. Table 1 lists the characteristics of patients, split mean (SD), minutes 1.00
according to postoperative pneumonia status.
Cardiopulmonary 79.74 (57.1) | 80.22 (56.8) | 1.00 | 0.99 —| 0.97
Patients Patients OR 95% | P %zas;;me, mean (SD), 1.01
with without cl
Characteristics Pneumonia | Pneumonia Mechanical ventilation,[ 40 (1 -[40 (1 -|1.00 |1.00-|0.13
(N= 28: | (N= 393; median (range), hours 1296) 1287) 1.00
6.7%) ’ 93.3%)
Number of diseased| 6 (21.4) 74 (18.8) 0.92 0.55 - 0.75
0
Age, mean (SD), years | 65.04 (10.4) | 63.85(10.05)| 1.01 | 0.97 —| 0.55 vessels, No. (%) 5(17.9) 88 (22.4) 183
1.05 -one vessel 17 (60.7) 231 (58.8)
Sex, No. (%) 22 (78.6) 331(84.2) |1.46 | 057|044 - two vessels
- Male 6(21.4) 62 (15.8) 3.74 - three vessels
- Female Type of surgery, No. (%) | 22 (78.6) 311 (79.1) 045 | 0.08-| 0.36
« H 2.52
History of cigarette| 9 (32.1) 68 (17.3) 226 |0.98-|0.06 on-pump 6(24.4) 82 (20.9)
smoking, No (%) 5.22 “off-pump”
Productive cough, No.| 14 (50.0) 33 (8.4) 10.91 | 4.80 —| 0.01 Postoperative 9.0(5-54) |80(4-70) |1.06 |1.01-|0.01
(%) 24.82 hospitalization in days, 1.10
median (range)
History of COPD, 6 (42.4) 29 (7.4) 342 | 1.29-| 0.01
. 9.1 SE=standard deviation; COPD=Chronic Obstructive Pulmonary disease;
(FEV1d‘<tl75%przd|cted FEV1=Forced Expiratory Flow in 1 second; FVC=Forced Expiratory Volume;
or medication used) IVC=Inspiratory Vital Capacity; Pi-max=Maximal inspiratory mouth pressure; Pe-
Diabetes Mellitus, on | 9 (32.1) 55 (14.0) 291 125 0.01 max=Maximal expiratory mouth pressure; Pm-peak=mean mouth pressure.
medication ’ 6.76
5 S Ny o @21) %) 618 1256 001 Table 1: Characteristics of patients with and without pneumonia
ecrease ung . . . .56 —| 0.
functions, No. (%) 14.91 i
" FEV, < 80%pred. and Six-factor model
er'\:/g;VSsgV Z)?Z;p;endd' Each patient’s risk score was determined using the six risk factors.
0 .
FEVA/IVC < 70%pred. Of the 421 patients, 227 (54%) were classified as being at high risk of
PPCs (risk score = -1). Of this group, 24 patients (11%) developed
Respiratory Muscle tests | 79.73 (25.7) | 85.23 (32.0) | 0.99 ?g?‘ 039 |  postoperative pneumonia, whereas only 4 of the 194 (2%) patients
- Pi.max (cm H20) 90.50 (24.6) | 120.66 (85.8) | 0.98 : 0.01 classified as being at low risk of PPCs developed pneumonia (Odds
- Pe-max (cm H20) 52.2(15.5) | 54.78 (18.3) | 0.97 888 ~1 0.50 Ratio [OR]=5.6; 95% CI, 1.9 to 16.5) (Table 2). The sensitivity (SE) and
- Pm-peak/Pi-max ' specificity (SP) of the model were 0.86 (24/28) and 0.48 (190/393),
(1)3;_ respectively. The positive predictive value (PPV) was 0.11 (24/227),
) and the negative predictive value (NPV) was 0.98 (190/194). For
Left Ventricle Function | 22 (78.6) 295 (75.1) 0.96 | 0.47-|0.92 comparison, the diagnostic measures in the development studyl4
- Ejection fraction > 50% | 4 (14.3) 87 (22.1) 1.7 were: 0.87 (SE), 0.56 (SP), 0.56 (PPV) and 0.87 (NPV). As expected,
o7 S .
_ Ejection fraction 30% - | 2 (7.1) 11.2.8) the SE at the suggested cut' off value of > -1 in the validation sample is
50% lower, but the differences is very small (-1%). Furthermore the SP was
- Ejection fraction < 30% slight increased by 8% in the validation sample. This suggests that the
diagnostic performance of the six-factor model in practice is close to

that estimated from the development sample. The validation study had

] Nov Physiother
ISSN:2165-7025 JNP, an open access journal

Volume 4 « Issue 4 « 1000221


http://dx.doi.org/10.4172/2165-7025.1000221

Citation:

Hulzebos HJ, Buuren SV, Klarenbosch JV, Gigengack-Baars A, Brutel de la Riviere, et al. (2014) Validation of a Preoperative Risk

Model for Pneumonia in Patients undergoing CABG Surgery. J Nov Physiother 4: 221. d0i:10.4172/2165-7025.1000221

Page 4 of 6

more false-positives (from 44% to 89%), due to the stricter definition
of PPC. However, this rise was accompanied by a substantial reduction
in the number of false-negatives (from 13% to 2%) in the validation
study.

Pneumonia No Pneumonia
High Pulmonary | 24 203 227
Risk
Low Pulmonary | 4 190 194
Risk

28 393 421
Sensitivity = 0.86, Specificity = 0.48, Positive predictive value = 0.11, Negative
predictive value = 0.98.

Table 2: Relation between results of the preoperative risk model and
diagnosis of pneumonia in 421 patients

Figure la plots the receiver operating characteristics (ROC) curve of
the six-factor clinical risk model to detect patients at risk for
pneumonia. The ROC plots the SE against 1-SP at different cut off
values for the risk score. For comparison, Figure 1b plots the ROC
curve of the development study [14]. In general, the performance of
the model is similar across both studies.

have insight into the performance of the model that relies on only the
four anamnestic factors.

Sensitivity
W
¥

0,0 02 04 06 08 1,0
1 - Specificity

Figure 2: Receiver operating characteristics curve of the four-factor
clinical risk model to detect patients at risk for pneumonia

Figure 2 contains the receiver-operating characteristics (ROC)
curve of the four-factor risk model. The curve indicates that the four-
factor model predicted pneumonia as well as the six-factor model, and
even slightly better in regions of high specificity. Since the scale ranged
from 0 to 10, the cut off values were different from the score obtained
in the six-factor model. The diagnostic values of the rule that classifies
patient as high risk if their risk score equals or exceeds 3 were SE=0.75
(21/28), SP=0.62 (243/393), PPV=0.12 (21/171) and NPV=0.97
(243/250), (see Table 3). The AUC of the four-factor model was equal
to 0.75, (95% CI, 0.65 — 0.82), very close to the AUC of the six-factor
model. Thus simplification of the six-factor risk model to a four-factor
risk model had virtually no impact on model accuracy.
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Figure 1: The receiver-operating characteristics (ROC) curve of the
six-factor model estimated from the validation data. The left hand
figure corresponds to the validation data (this study). The right
hand figure is calculated from the data on which the model was
developed [14].

The AUC of the six-factor risk model to separate patients who
developed postoperative pneumonia from those who did not was equal
to 0.76 (95% CI, 0.67-0.85). The AUC calculated from the
development study was 0.74 (95% CI, 0.66-0.83). Thus, the
performance of the six-factor risk model to separate patients who
developed postoperative pneumonia was not statistically significant
different (p=0.9) between the development study [14] and the
validation sample (this study).

Four-factor model

Application of the six-factor model requires patient data on all six
risk factors and additional lung function and respirator muscle tests.
In practice, it may be too costly, or impossible, to obtain all relevant
data for some patients. Especially measurement of IVC and P .y
could be more difficult to obtain. It is therefore of practical utility to

Pneumonia No Pneumonia
High Pulmonary| 21 150 171
Risk
Low Pulmonary| 7 243 250
Risk
28 393 421
Sensitivity = 0.75, Specificity = 0.62, Positive predictive value = 0.12, Negative
predictive value = 0.97

Table 3: Relation between results of the preoperative 4-risk model and
diagnosis of pneumonia in 421 patients

Discussion

The purpose of this study was to validate a preoperative pulmonary
risk model [14] that differentiates between patients with a high risk
and patients with a low risk of developing PPCs, especially
pneumonia, after CABG surgery. Using a model based on six factors
that can be measured non-invasively, we classified 227 (53.9%) of the
421 patients as being at high risk of developing PPCs, of whom 24
(10.6%) developed pneumonia, whereas only 4 of the 194 (2.1%)
patients classified as being at low risk of PPCs developed pneumonia
(OR=5.62; 95% CI, 1.91 to 16.48). The AUC of the receiver-operating
characteristics (ROC) curve to distinguish patients who developed
postoperative pneumonia from those who did not was 0.76. This
model was very accurate in identifying patients at low risk of
developing pneumonia (NPV=0.98).
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Simplification of the six-factor risk model to a four-factor risk
model, only including the anamnestic items, had a minimum impact
on model accuracy. The AUC of the four-factor model was 0.75, and
its NPV was 0.97. These results suggest that the six-factor risk model
can be simplified to a four-factor risk model (with age>70 year,
productive coughing, smoking and diabetes mellitus as risk factors)
without a loss of accuracy.

What is already known from the literature of prediction models?
Mitchell et al. [25] presented a logistic model to predict PPCs that
included variables such as preoperative sputum production, in
combination with postoperative nasogastric intubation, and longer
anesthesia duration. Although this model had an accuracy of 92% in
predicting PPCs, it cannot be used for preoperative risk selection.
Carrel et al. [26] found that the frequency of abnormal preoperative
lung function and smoking was significantly higher in patients who
developed pneumonia after cardiac surgery than in those who did not
develop pneumonia. Bevelaqua et al. [27] concluded that (1) patients
with severe lung impairment diagnosed before surgery generally do
well after cardiac surgery but have PPCs more often than patients
without this impairment, and (2) patients with restrictive pulmonary
disease appear to recover faster than those with obstructive disease.
Overall, preoperative pulmonary condition is a major determinant of
the risk of PPCs in patients scheduled for upper abdominal and
cardiac surgery. Like Bevelaqua et al. [27], we also consider
preoperative screening of pulmonary function to be essential for
alerting clinicians to the possible risk of PPCs, although the results of
pulmonary function testing cannot, by themselves, be used to exclude
patients from operation.

Several risk-scoring systems have been developed for patients
undergoing cardiac surgery to predict mortality [28] and receiver
operating characteristics (ROC) curves were used to describe the
performance and accuracy of these scoring systems. Actual mortality
was 2.9% at 30 days and 6.1% at 1 year. Discriminatory power for 30-
day and 1-year mortality in cardiac surgery was highest for logistic
(0.84 and 0.77) and additive (0.84 and 0.77) European System for
Cardiac Operative Risk Evaluation (EuroSCORE) algorithms, followed
by Cleveland Clinic (0.82 and 0.76) and Magovern (0.82 and 0.76)
scoring systems. In coronary artery bypass grafting (CABG)-only
surgery, EuroSCORE followed by New York State (NYS) and
Cleveland Clinic risk score showed the highest discriminatory power
(AUC) for 30-day and 1-year mortality varying between 0.71 and 0.84.
These models are based on fairly large models containing 12-16
different risk factors. The most-often reported preoperative general
and cardiac risk factors in these mortality risk models are age, female
gender, diabetes, chronic pulmonary disease, previous cardiac surgery,
and left ventricular ejection fraction. It may well be that these factors
will also influence PPC risk. We studied only patients undergoing first
time elective CABG surgery, so we could not include the risk factor
previous cardiac surgery in the model. In principle however, our risk
factor model could be extended with factors that are known to increase
mortality risk.

A review of the literature shows that few attempts have been made
to examine PPCs as endpoints in isolation [29]. Despite the relatively
high prevalence of PPCs, little is known about the postoperative
antecedents of PPC, which are thus excluded from models.
Multivariate clinical prediction rules that incorporate antecedent
patient and process factors from the continuum of cardiovascular care
for specific pulmonary outcomes are recommended. Models such as

the one presented here would be useful for practice, policy, and quality
improvement [29].

Conclusion

In conclusion, the six-factor model retained its diagnostic accuracy
in an independent sample. Both six-factor and four-factor
preoperative models, without additional lung function and respirator
muscle tests have satisfactory diagnostic properties. The simple models
are useful as tools to predict the risk of pneumonia developing in
patients undergoing elective CABG surgery. Preoperative
identification of patients at high risk of developing pneumonia after
surgery can help clinicians to direct their interventions toward these
patients, and may reduce the incidence of pneumonia in patients
undergoing CABG surgery [30].

Funding/Support

This study was funded by project grant from the Netherlands
Organization for Health Research and Development (ZonMw; grant
no: 1310.0004), the Rudolf Magnus Institute of Neuroscience of the
University Medical Center Utrecht, the Netherlands.

Role of the Sponsor

The funding agencies and sponsors had no role in study design,
data collection, data analysis, data interpretation, writing of the report,
or the decision to submit the report for publication.

Acknowledgment

We thank Dr. Kalkman JC, MD, PhD (Department of
Anesthesiology), Brutel de la Riviere A, MD, PhD (Department of
Cardiothoracic Surgery, OLVG, Amsterdam) and Lammers JW, MD,
PhD (Department of Pulmonary Diseases) for their comments and
suggestions. We thank also Kim Jalink (Department of Hospital
Hygiene and Infection Prevention) for their registration of nosocomial
infections.

References

1. Higgins TL, Estafanous FG, Loop FD, Beck GJ, Blum JM, et al. (1992)
Stratification of morbidity and mortality outcome by preoperative risk
factors in coronary artery bypass patients. A clinical severity score. JAMA
267:2344-2348.

2. Wouters SC, Noyez L, Verheugt FW, Brouwer RM (2002) Preoperative
prediction of early mortality and morbidity in coronary bypass surgery.
Cardiovasc Surg 10: 500-505.

3. Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow S, et al. (1999)
European system for cardiac operative risk evaluation (EuroSCORE). Eur
J Cardiothorac Surg 16: 9-13.

4. Immer F, Habicht J, Nessensohn K, Bernet F, Stulz P, et al. (2000)
Prospective evaluation of 3 risk stratification scores in cardiac surgery.
Thorac Cardiovasc Surg 48: 134-139.

5. Nashef SA, Roques F, Hammill BG, Peterson ED, Michel P, Grover FL, et
al. (2002) Validation of European System for Cardiac Operative Risk
Evaluation (EuroSCORE) in North American cardiac surgery. Eur J
Cardiothorac Surg 22:101-105.

6.  Heijmans JH, Maessen JG, Roekaerts PM (2003) Risk stratification for
adverse outcome in cardiac surgery. Eur ] Anaesthesiol 20: 515-527.

7. Geissler HJ, Holzl P, Marohl S, Kuhn-Régnier F, Mehlhorn U, et al.
(2000) Risk stratification in heart surgery: comparison of six score
systems. Eur ] Cardiothorac Surg 17: 400-406.

] Nov Physiother
ISSN:2165-7025 JNP, an open access journal

Volume 4 « Issue 4 « 1000221


http://www.ncbi.nlm.nih.gov/pubmed/1564774
http://www.ncbi.nlm.nih.gov/pubmed/1564774
http://www.ncbi.nlm.nih.gov/pubmed/1564774
http://www.ncbi.nlm.nih.gov/pubmed/1564774
http://www.ncbi.nlm.nih.gov/pubmed/12379410
http://www.ncbi.nlm.nih.gov/pubmed/12379410
http://www.ncbi.nlm.nih.gov/pubmed/12379410
http://www.ncbi.nlm.nih.gov/pubmed/10456395
http://www.ncbi.nlm.nih.gov/pubmed/10456395
http://www.ncbi.nlm.nih.gov/pubmed/10456395
http://www.ncbi.nlm.nih.gov/pubmed/10903058
http://www.ncbi.nlm.nih.gov/pubmed/10903058
http://www.ncbi.nlm.nih.gov/pubmed/10903058
http://www.ncbi.nlm.nih.gov/pubmed/12884984
http://www.ncbi.nlm.nih.gov/pubmed/12884984
http://www.ncbi.nlm.nih.gov/pubmed/10773562
http://www.ncbi.nlm.nih.gov/pubmed/10773562
http://www.ncbi.nlm.nih.gov/pubmed/10773562
http://dx.doi.org/10.4172/2165-7025.1000221

Citation:

Hulzebos HJ, Buuren SV, Klarenbosch JV, Gigengack-Baars A, Brutel de la Riviere, et al. (2014) Validation of a Preoperative Risk

Model for Pneumonia in Patients undergoing CABG Surgery. J Nov Physiother 4: 221. d0i:10.4172/2165-7025.1000221

Page 6 of 6

8.  Gogbashian A, Sedrakyan A, Treasure T (2004) EuroSCORE: a values. Cardiovascular Health Study Research Group. Am ] Respir Crit
systematic review of international performance. Eur J Cardiothorac Surg Care Med 149: 430-438.

25: 695-700. 20. Reid WD, Dechman G (1995) Considerations when testing and training

9. Parsonnet V, Dean D, Bernstein AD (1989) A method of uniform the respiratory muscles. Phys Ther 75: 971-982.
stratification of risk for evaluating the results of surgery in acquired adult 77 Clanton TL, Diaz PT (1995) Clinical assessment of the respiratory
heart disease. Circulation 79: 13-12. muscles. Phys Ther 75: 983-995.

10. Hannan EL, Wu C, Bennett EV, Carlson RE, Culliford AT, et al. (2006) 23 Black LF, Hyatt RE (1969) Maximal respiratory pressures: normal values
Risk stratification of in-hospital mortality for coronary artery bypass and relationship to age and sex. Am Rev Respir Dis 99: 696-702.
graft surgery. J Am Coll Cardiol 47: 661-668. 23. Smyth RJ, Chapman KR, Rebuck AS (1984) Maximal inspiratory and

11. Welke KF, Ferguson TB Jr, Coombs LP, Dokholyan RS, Murray CJ, et al. expiratory pressures in adolescents. Normal values. Chest 86: 568-572.
(2004%) Validity of the Society of Thoracic Surgeons National Adult 24. Hanley JA, McNeil BJ (1982) The meaning and use of the area under a
Cardiac Surgery Database. Ann Thorac Surg 77: 1137-1139. receiver operating characteristic (ROC) curve. Radiology 143: 29-36.

12.  Al-RuzzehS, A.51mz.1kop0ulos G, Ambler G, Qmar R,.Hase.m R, Fabri B, e 25 Mitchell CK, Smoger SH, Pfeifer MP (1998) Multivariate analysis of
al. '(2003) Vahdgtlon of four different risk stratification systems in factors associated with postoperative pulmonary complications following
patle.nts undergou.]g off-pump. coronary artery bypass surgery: a UK general elective surgery. Arch Surg 133: 194-198.
multicentre anz.ilysw of 2223 patlents..Heart 89: 432-435. o 26. Carrel T, Schmid ER, von Segesser L, Vogt M, Turina M (1991)

13. Wynne R{Bom M (ZOOfl) POStOPeranve pulmonary dygﬁ{nctloy m f‘dlﬂts Preoperative assessment of the likelihood of infection of the lower
after‘ Carqlac. surgery w1th Cardlop‘ﬂn?onary bypass: clinical significance respiratory tract after cardiac surgery. Thorac Cardiovasc Surg 39: 85-88.
and implications for practice. Am J Crit Qare 13: 384_3?3' 27. Bevelaqua F, Garritan S, Haas F, Salazar-Schicchi J, Axen K, et al. (1990)

14. Hulzebos EH, Van Meeteren NL, De Bie RA, Dagnelie PC, Helders P] Complications after cardiac operations in patients with severe pulmonary
(2003) Prediction of postoperative pulmonary complications on the basis impairment. Ann Thorac Surg 50: 602-606.
of preoperative risk factors in patients who had undergone coronary 28. Nilsson J, Algotsson L, Hoglund P, Lithrs C, Brandt ] (2006) Comparison
artery bypass graft surgery. Phys Ther 83: 8-16. of 19 pre-operative risk stratification models in open-heart surgery. Eur

15. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM (1988) CDC Heart ] 27: 867-874.

(liggnll;lgns for nosocomial infections, 1988. Am J Infect Control 16: 29. Wynne R (2004) Variable definitions: implications for the prediction of
o pulmonary complications after adult cardiac surgery. Eur ] Cardiovasc

16. American Thoracic Society (1995) Standardisation of spirometry-1994 Nurs 3: 43-52.
upd.ate. Am Rev Respir Dis. 1?2:.1107-11361298' . 30. Hulzebos HJ, Helders PJM, Favié NJ, De Bie RA, Brutel de la Rievere A,

17. En.nght PL, Kronmal RA, Higgins M, Schenker M, Haponik EF (1993) Van Meeteren NLU et al. (2006) Prevention of postoperative pulmonary
Splrovmetry reference values for women a¥1d men 65 to 85 years of age. complications in high-risk patients undergoing CABG surgery by
Cardiovascular health study. Am Rev Respir Dis 147: 125-133. preoperative intensive inspiratory muscle training: A randomized clinical

18. Verborg C, Hulzebos H, Van Meeteren N (2000) Reproduceerbaarheid trial. JAMA 296: 1851-1857.
van longfunctiemetingen [in Dutch]. Fysiopraxis 9: 15-17.

19. Enright PL, Kronmal RA, Manolio TA, Schenker MB, Hyatt RE (1994)

Respiratory muscle strength in the elderly. Correlates and reference
J Nov Physiother Volume 4 « Issue 4 » 1000221

ISSN:2165-7025 JNP, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/15082269
http://www.ncbi.nlm.nih.gov/pubmed/15082269
http://www.ncbi.nlm.nih.gov/pubmed/15082269
http://www.ncbi.nlm.nih.gov/pubmed/2720942
http://www.ncbi.nlm.nih.gov/pubmed/2720942
http://www.ncbi.nlm.nih.gov/pubmed/2720942
http://www.ncbi.nlm.nih.gov/pubmed/16458152
http://www.ncbi.nlm.nih.gov/pubmed/16458152
http://www.ncbi.nlm.nih.gov/pubmed/16458152
http://www.ncbi.nlm.nih.gov/pubmed/15063217
http://www.ncbi.nlm.nih.gov/pubmed/15063217
http://www.ncbi.nlm.nih.gov/pubmed/15063217
http://www.ncbi.nlm.nih.gov/pubmed/12495408
http://www.ncbi.nlm.nih.gov/pubmed/12495408
http://www.ncbi.nlm.nih.gov/pubmed/12495408
http://www.ncbi.nlm.nih.gov/pubmed/12495408
http://www.ncbi.nlm.nih.gov/pubmed/2841893
http://www.ncbi.nlm.nih.gov/pubmed/2841893
http://www.ncbi.nlm.nih.gov/pubmed/2841893
http://www.ncbi.nlm.nih.gov/pubmed/8420405
http://www.ncbi.nlm.nih.gov/pubmed/8420405
http://www.ncbi.nlm.nih.gov/pubmed/8420405
http://www.ncbi.nlm.nih.gov/pubmed/8306041
http://www.ncbi.nlm.nih.gov/pubmed/8306041
http://www.ncbi.nlm.nih.gov/pubmed/8306041
http://www.ncbi.nlm.nih.gov/pubmed/8306041
http://www.ncbi.nlm.nih.gov/pubmed/7480127
http://www.ncbi.nlm.nih.gov/pubmed/7480127
http://www.ncbi.nlm.nih.gov/pubmed/7480128
http://www.ncbi.nlm.nih.gov/pubmed/7480128
http://www.ncbi.nlm.nih.gov/pubmed/5772056
http://www.ncbi.nlm.nih.gov/pubmed/5772056
http://www.ncbi.nlm.nih.gov/pubmed/6478896
http://www.ncbi.nlm.nih.gov/pubmed/6478896
http://www.ncbi.nlm.nih.gov/pubmed/7063747
http://www.ncbi.nlm.nih.gov/pubmed/7063747
http://www.ncbi.nlm.nih.gov/pubmed/1877058
http://www.ncbi.nlm.nih.gov/pubmed/1877058
http://www.ncbi.nlm.nih.gov/pubmed/1877058
http://www.ncbi.nlm.nih.gov/pubmed/2222050
http://www.ncbi.nlm.nih.gov/pubmed/2222050
http://www.ncbi.nlm.nih.gov/pubmed/2222050
http://www.ncbi.nlm.nih.gov/pubmed/16421172
http://www.ncbi.nlm.nih.gov/pubmed/16421172
http://www.ncbi.nlm.nih.gov/pubmed/16421172
http://www.ncbi.nlm.nih.gov/pubmed/15053887
http://www.ncbi.nlm.nih.gov/pubmed/15053887
http://www.ncbi.nlm.nih.gov/pubmed/15053887
http://dx.doi.org/10.4172/2165-7025.1000221

	Contents
	Validation of a Preoperative Risk Model for Pneumonia in Patients undergoing CABG Surgery
	Abstract
	Keywords:
	Introduction
	Patients and Methods
	Patients
	Data collection
	Pulmonary function tests
	Respiratory muscle tests
	PPCs
	Four-factor model
	Statistical analysis

	Results
	Patients
	Six-factor model
	Four-factor model

	Discussion
	Conclusion
	Funding/Support
	Role of the Sponsor
	Acknowledgment
	References


