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INTRODUCTION

 Median sternotomy, the standard incision in car-
diac surgery, is assumed to have little or no sig-
nificant effect on lung function although it causes 
changes in the mechanics of the thoracic cavity.1 
Patients undergoing cardiac surgery can have ab-
normal respiratory mechanics.2 Measurement of 
lung volumes reveals changes in total lung capac-
ity, vital capacity, residual volume and functional 
residual capacity which may persist for weeks to 
months postoperatively.3 
 Surgery may also affect respiratory muscle func-
tion by different mechanisms: (1) Sternotomy, (2) 
Anaesthesia and pharmacological agents.4 Thus 
postoperative life threatening complications may 
subside.4 Since pulmonary complications are one 
of the major causes of postoperative morbidity and 
mortality5, proper assessment of respiratory muscle 
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ABSTRACT
Objectives: The purpose of the current investigation was to assess the effect of surgery on 
clinical and pulmonary data in valve surgery (VS).
Methodology: As a result of retrospective review performed between January and December, 
2004,	30	patients’	data	were	studied.	Preoperative	patients’	characteristics,	cardiac	profiles,	
coronary risk factors, operative and postoperative data, pulmonary function tests (PFT) and 
respiratory muscle strength (RMS) measurements were collected. 
Results: Mean values of all predicted values of PFT and RMS were normal preoperatively. 
There	 was	 a	 significant	 decrease	 in	 FVC	 (p<0.0001),	 FEV1	 (p<0.0001),	 FMF	 (p<0.0063),	 FEF	
(p<0.002),	PImax	(p<0.0001),	and	PEmax	(p<0.0126)	after	surgery.	Patients	with	atrial	fibrillation	
(AF)	had	longer	periods	of	intensive	care	unit	(ICU)	(p<0.0001).	NYHA	significantly	correlated	
with preoperative PFT parameters [FVC (p=0.0085), FEV1 (p=0.0043), FMF (p=0.0055)] and 
postoperative ICU stay (p=0.0426). Postoperatively, PImax	 significantly	 correlated	 with	 FVC	
(p=0.0167) and FEV1 (p=0.0143).
Conclusions: The extent of functional status affected pulmonary functions in patients with 
valve	disease.	Postoperative	AF	had	significant	negative	impact	on	ICU	stay.
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function is of paramount importance. Impairment 
in PFTs following cardiac surgery has been dem-
onstrated in previous studies.6-10 But, none of these 
studies investigated the RMS in patients after VS. 
 The purpose of our study was to analyze the effect 
of surgery on PFT, RMS and the clinical outcome.

METHODOLOGY

 Medical chart review of 50 consecutive patients 
who underwent VS between January and Decem-
ber 2004 was performed. Patients, with history of 
previous VS, with concomitant coronary artery 
bypass grafting (CABG), resection of ventricular 
aneurysm and with congestive heart failure were 
excluded. Thirty patients [male/female: 11/19 
(range; 30-69 years)] with valve disease were found. 
VS was performed using median sternotomy in all 
cases. Standart cardiopulmonary bypass was insti-
tuted. All patients were ventilated overnight and 
extubated on the first postoperative day followed 
by a strict regime of chest physiotherapy. The fol-
lowing data were collected from the medical charts: 
Preoperative patients’ characteristics, cardiac pro-
files, preoperative coronary risk factors, smoking 
history, operative and postoperative data. Patients’ 
PFTs and RMSs were measured preoperatively 
(one week before surgery) and postoperatively (one 
week after surgery) by physical therapists.
 The following parameters were obtained from 
medical charts: forced vital capacity (FVC), forced 
expiratory volume in the first second (FEV1), FEV1/
FVC, forced expiratory flow between 25% and 75% 
of FVC (FMF), forced expiratory flow between 0.2 
lt-1.2 lt of FVC (FEF) and RMS [maximal inspira-
tory pressure (PImax) and maximal expiratory pres-
sure (PEmax)]. Data were classified according to Gold 
criteria.8 Criteria for interpreting pulmonary func-
tions were based on American Thoracic Society’s 
recommendations.11 Predicted values for spiro-
metric measurements were from Kamburoff12 and 
predicted values for maximal respiratory pressures 
were from Wilson.13 Patients were not on broncho-
dilators while testing pulmonary functions.
 Pre-and postoperative PFTs and RMS values 
were compared. The relationship between pre-
and postoperative PFTs and RMS values were 
also investigated with the correlation between 
preoperative cardiac profiles and PFT/RMS 
parameters.
Statistical Analysis: Measured and predicted 
values of various spirometric parameters were 
expressed as the mean±standard deviation. 
The paired t-test was used to assess statistical 

significance of the differrence between matched 
samples. Comparisons between the groups were 
performed using the unpaired t-test. Pearson 
and Spearman correlation coefficient were used 
to evaluate associations. A p value of <0.05 was 
considered significant.

RESULTS

 Preoperative patient characteristics, pre-and 
postoperative patients’ data are shown in Table-I. 
Rheumatic fever history was present in ten patients 
(33.3%). Six patients (20%) were in NYHA (New 
York Heart Association functional classification) 
Class I, 17 patients (56.7%) in Class II, five patients 
(16.7%) in Class III, and two patients (6.6%) in Class 
IV. Mitral valve replacement (MVR) was performed 
in 17 cases (56.7%). Aortic valve replacement (AVR) 
was performed in 11 cases (36.7%) and AVR+MVR 
was performed in 2 cases (6.6%). 
 Intubation time was between 6-27 hours. No pa-
tient required reintubation. Twenty-one patients 
(70%) without AF were extubated following a mean 
intubation time of 10.4±4.6 hours, while the mean 
intubation time of patients with AF was 16.4±5.4 
hours. ICU stay varied from 25 hours to 235 hours 
depending on AF presence. Nine patients who had 
AF (30%) were discharged from the ICU within 
104.8±57.2 hours, while patients without AF were 
discharged in 36.5±11.6 hours. Postoperative to-
tal hospital stay was 7-16 days. Mean total hospi-
tal stay in patients without AF and with AF was 
8.9±1.6 and 10.4±2.9 days, respectively. There was 
no significant difference in intubation time and 
postoperative total hospital stay between patients 
with or without AF. However patients with AF had 
longer periods of ICU (p<0.0001).
 Only three patients had atelectasis and three pa-
tients had pleural effusion postoperatively. Pre-and 
postoperative mean spirometry, PImax and PEmax val-
ues and statistical significance of differences be-
tween pre-and postoperative absolute values are 
presented in Table-II. Although mean values of all 
PFTs were normal when compared to percent of 
predicted values preoperatively, five patients had 
reduced FEV1/FVC<0.70 and FEV1% predicted, 
ten patients had reduced FVC% predicted. Post-
operatively four patients had reduction in FEV1/
FVC and FEV1% predicted, 24 patients had reduc-
tion in FVC% predicted and only three patients had 
normal PFT. There was a significant decrease in all 
mean absolute values of PFTs except FEV1/FVC af-
ter surgery, when compared to preoperative values. 
Although preoperative mean value of 
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PImax%predicted was 94.1±24.2%, 17 patients had 
reduced PImax%predicted values. Preoperative 
mean values of PEmax%predicted were 103.4±27.5%, 
15 patients had reduced PEmax% predicted values. 
Following surgery 26 patients had reduction in 
PImax%predicted values and 21 patients had lower 
values than normal in PEmax%predicted. There was a 
significant decrease in mean absolute PImax and PEmax 
values postoperatively when compared to preop-
erative values.
 There was no correlation between preoperative 
PFTs and RMSs, but postoperatively, PImax signifi-
cantly correlated with FVC (r=0.4334; p=0.0163) 
and FEV1 (r=0.4425; p=0.0143). When analyzing the 
cardiac profile, no correlation was observed with 
ejection fraction [EF(%)] and pre-and postoperative 
PFTs, RMSs and postoperative data except postop-
erative ICU stay (r=-0.4742; p=0.0166) and intuba-
tion times (r=-0.4556; p=0.0379). NYHA significant-
ly correlated with preoperative values of PFTs [FVC 
(r=-0.4717; p=0.0085), FEV1 (r=-0.5059; p=0.0043), 
FMF (r=-0.4941; p=0.0055)] and postoperative ICU 
stay (r=0.3858; p=0.0426). There was no correlation 
between NYHA classification and preoperative 
RMS.

DISCUSSION

 Over the last decade there have been very few 
studies on lung function in mitral valve disease 
(VD) and none included measurement of RMS.6,7,14,15 
Only De Troyer et al16 reported that, patients with 
mitral VD may have inspiratory muscle weakness, 
that contributes to the restriction of lung volume in 
cases of pulmonary vascular congestion and pres-
sures generated by the inspiratory muscles were 
less negative than normal at any given lung volume 
by measuring lung recoil pressures. In our study, 
although most of the patients were in functional 
Class II, the finding of reduced preoperative PImax 

values in 56.7% of our patients reveals that patients 
with VD may have inspiratory muscle weakness.
 Chandra et al7 found that lung function was im-
paired preoperatively with a correlation between 
their pulmonary function and NYHA class (major-
ity with restrictive pattern) in all 22 patients who 
underwent VS for rheumatic disease (Class III-IV 
NYHA). We found a similar significant correlation 
between the functional class and pulmonary func-
tion of our patients. Similarily Shenkman6 found a 
decrease in pulmonary functions [10 patients with 
VS and congestive heart failure, Class III-IV NYHA 
(FVC%:75.8%, FEV1%:68.2%, FEF50:60.9%)] pre-
operatively and stated that there was a significant 
inverse correlation between preoperative cardiac              
ischaemic and failure symptomatology and pre-and 
surgical PFTs. 

Clinic-pulmonary data in valve surgery

Table-II: Pre-and postoperative PFT’s, PImax and PEmax values.
  Preoperative (%predicted)  Postoperative (%predicted)  %change#
FVC (L) 3.0±0.9 (91.3±16.7%) 2.1±0.7 (63.2±18.1%) -29.9±18.2*
FEV1 (L) 2.3±0.8 (88.9±24.8%) 1.7±0.5 (62.8±16.7%) -26.7±19.3*
FEV1/FVC (%) 79.8±9.1 81.2±9.7 1.9±8.1 NS
FMF (L/sec)  2.4±1.2 (78.4±37.5%) 1.9±0.9 (59.5±27.3%) -14.3±43.0**
FEF (L/sec)  5.9±2.7 (116.3±43.5%) 3.4±1.2 (68.9±30.3%)  -35.0±28.4***
PImax (cmH2O) 75.7±21.9 (94.1±24.2%) 53.6±21.4 (66.7±24.0%)  -22.1±19.1* 
PEmax (cmH2O) 111.6±40.7 (103.4±27.5%) 91.8±25.3 (86.5±23.1%) -19.8±40.8****
Values (absolute and percent of predicted) are presented as mean±SD.
#Differences between pre-and postoperative absolute values.
*p<0.0001; **p<0.0063; ***p<0.002, ****p<0.0126, NS: Non significant

Table-I: Patients’ characteristics, 
pre-and postoperative data.

Age (years) 50.6±13.8
Sex (male/female) 11/19
Height (cm) 161.4±9.6
Weight (kg) 67.4±10.6
BMI (kg/m2) 26.4±4.5
NYHA  2.1±0.8
EF (%) 55±10.04
Hipertension 10 (33.3%)
Hiperlipidemia 5 (16.7%)
Diabetus mellitus 6 (20%)
Obesity 7 (23.3%)
Ex-smoker  17 (56.7%)
Intubation (hours) 12.3±5.6
ICU stay (hours) 58.4±45.9*
Total hospital stay (days)  9.4±2.2
Data are presented as mean±SD, number of 
patients and /or percentage.  *p<0.0001
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 About 76.7 percent of our study population was 
in Class I-II NHYA, EF values were higher than 50% 
and none had congestive heart failure. This may ex-
plain our higher preoperative PFT values [percent 
to predicted (%)] than the study of Shenkman et al.6 
Our preoperative PFTs were also better than Chan-
dra et al.’s7, whose patient population consists of 
only Class III and IV NYHA. Similarily Vaidya et 
al14 also observed better preoperative spirometric 
parameters in their Class II nonsmoker patients. In 
a recent study, Saxena et al.3 found a reduction in 
FVC, FEV1, PEFR and DLCO preoperatively in pa-
tients from all the classes. The results of the above 
studies3,6,7,14 and ours showed that assessment of 
functional class is very important in this patient 
population and according to our results this param-
eter significantly correlated with patients’ PFT and 
postoperative ICU stay.
 Present study’s results indicate that except for 
FEV1/FVC, all mechanical PFTs significantly dete-
riorate after surgery. Normal postoperative FEV1/
FVC supports the role of thoracic wall’s surgi-
cal trauma in the development of postoperative 
pulmonary function impairment. Similarily other 
studies have also demonstrated variable degrees 
of impairment in all parameters of PFT early af-
ter mitral VS.3,6,7,14 Mechanism of pulmonary func-
tion impairment in this patient population is not 
well understood. Shenkman6 found a decrease in 
FVC, FEV1, FEF50, FEF75, PEFR, MVV after cardiac 
surgery [CABG 74%, VS or valvuloplasty 20% and 
combined procedures 6%] and pointed a direct cor-
relation between postoperative values of FVC and 
FEF50 and FEF75. Similarily postoperative FVC was 
directly related to postoperative FEV1 (r=0.9406; 
p<0.0001), FMF (r=0.4828; p=0.0069), FEF (r=0.7606; 
p=0.001) and indirectly related to FEV1/FVC (r=-
0.3878; p=0.0342). Our study also demonstrates a 
significant decrease in PImax, in addition to the im-
pairment found in PFT parameters after VS. Few 
studies investigated the RMS after CABG but to our 
knowledge, there is no study which investigated 
RMS after VS.
 Chetta et al17 demonstrated that the percent de-
creases in FVC significantly correlated with the 
percent decreases in PImax and PEmax following ster-
notomy. We found that VS could reduce PImax and 
PEmax by 22.1% and 19.8%, respectively, according to 
baseline values. Besides, postoperatively, PImax sig-
nificantly correlated with FVC (r=0.4334; p=0.0163) 
and FEV1 (r=0.4425; p=0.0143).
 There have been no large series to determine post-
operative complications in VS patients. Jain et al18 

found that among 63 patients who had CABG with 
only saphenous veins grafts and/or VS, the inci-
dence of atelectasis was 54% and effusion 35%. Au-
thors also concluded that, there was no significant 
difference in pulmonary abnormalities between the 
saphenous vein grafting and the VS groups. In con-
trast to their higher complication rates, our study 
showed that postoperative complications were 
lower (atelectasis: 10%; pleural effusion: 10%), in 
our patients with normal preoperative pulmonary 
functions and who received postoperative chest 
physiotherapy. Besides having lower pulmonary 
complications, another point to note is our lower 
incidence of AF (30%) compared to Janusz et al.19 

(38-64%). 
 Lell et al20 found that patients having VS need 
12.7 hours of mechanical ventilation and their ICU 
stay was 26.2±3.29 hours postoperatively. Similarly, 
in our patient population, which was comparable 
with the above study in patient’s mean age, intuba-
tion time was 10.4±4.6 hours and ICU stay 36.5±11.6 
hours in patients without AF. Although AF inci-
dence in our study was lower than the prior stud-
ies19,21, patients who had AF required significantly 
longer periods of ICU stay. 
 Although our study has some limitations such as; 
consisting of a small group of patients with mostly 
NYHA Class II patients with valvular heart disease 
we believe it is important due to the following 
reasons:
1.  No other previous study has examined the ef-

fect of the valvular heart disease and VS on 
RMS.

2.  There have been no other large or small series 
to determine the effect of postoperative compli-
cations on clinical course.

3.  There has been no study showing the effect 
of AF on postoperative clinical course of the             
patients.

4.  Recognition of the importance of preoperative 
normal pulmonary functions and postoperative 
chest physiotherapy on lower pulmonary com-
plication incidences in VS patients.

 In conclusion, the present study shows that the 
decrease in pulmonary functions and RMS may be 
observed even in NYHA Class II patients with mi-
tral and aortic valve disease, but they still maintain 
their normal values according to percent of pre-
dicted. The functional status of the patients was sig-
nificantly related with pulmonary functions. In this 
study population, although the clinical outcome of 
the patients was good, VS caused impairment in 
both pulmonary functions and respiratory muscles 
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in the early postoperative period. Further studies 
are needed to investigate the respiratory muscle 
weakness in Class III and IV patients with valve 
disease with longer duration of follow-up.

REFERENCES
1. Locke TJ, Griffiths TL, Mould H, Gibson GJ. Rib cage me-

chanics after median sternotomy. Thorax. 1990;45:465-468.
2. Polese G, Lubli P, Mazzucco A, Luzzani A, Rossi A. Effects 

of open heart surgery on respiratory mechanics. Intensive 
Care Med. 1999;25:1092-1099.

3. Saxena P, Luthra S, Dhaliwal RS, Rana SS, Behera D. Early 
changes in pulmonary functions after mitral valve replace-
ment. Ann Thorac Med. 2007;2:111-117.

4. Siafakas NM, Mitrouska I, Bouros D, Georgopoulos D. Sur-
gery and the respiratory muscles. Thorax. 1999;54:458-465.

5. Weissman C. Pulmonary Complications After Cardiac Sur-
gery. Semin Cardiothorac Vasc Anesth. 2004;8:185-211.

6. Shenkman Z, Shir Y, Weiss Y.G, Bleiberg B, Gross D. The 
effects of cardiac surgery on early and late pulmonary func-
tions. Acta Anaesthesiol Scand. 1997;41:1193-1199. 

7. Chandra A, Srivastava S, Dilip D. Spirometric changes fol-
lowing open-heart surgery on rheumatic mitral valves. 
Asian Cardiovasc Thorac Ann. 1998;6:28-33.

8. Nissinen J, Biancari F, Wistbacka JO, Niemi R, Loponen P, 
Tarkiainen P,et al. Pulmonary Function and Immediate Out-
come of Patients Undergoing Aortic Valve Replacement. J 
Heart Valve Disease. 2009;18:374-379.

9. Pauwels RA, Buist AS, Calverley PMA, Jenkins CR, Hurd 
SS. Global strategy for the diagnosis management, and pre-
vention of chronic obstructive pulmonary disease: NHLBI/
WHO Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) Workshop summary. Am J Respir Crit Care 
Med. 2001;163:1256-1276.

10. Moreno AM, Castro RRT, Sorares PPS, Anna MS, Cravo 
SLD, Nobrega ACL. Longitudinal evaluation the pulmo-
nary function of the pre and postoperative periods in the 
coronary artery bypass graft surgery of patients treated 
with a physiotherapy protocol. J Cardiothorocic Surg.           
2011;6:62:1-6.    

11. Lung function testing: Selection of reference values and in-
terpretative strategies.American Thoracic Society. Am Rev 
Respir Dis. 1991;144:1202-1218.

12. Kamburoff PL, Woitovitz HJ. Prediction of spirometric indi-
ces. Respiratory News Bulletin. England: Vitalograph Ltd. 
1973;17:9-15.

13. Wilson SH, Cooke NT, Edwards RHT, Spiro SG. Predicted 
normal values for maximal respiratory pressures in Cauca-
sian adults and children. Thorax. 1984;39:535-538.

14. Vaidya R, Husain T, Ghosh PK. Spirometric changes after 
open mitral surgery. J Cardiovasc Surg. (Torino) 1996;37:295-
300.

Clinic-pulmonary data in valve surgery

15. Aris A, Camara ML, Casan P, Litvan H. Pulmonary function 
following aortic valve replacement: a comparison between 
ministernotomy and median sternotomy. J Heart Valve Dis. 
1999;8:605-608.

16. De Troyer A, Estenne M, Yernault JC. Disturbance of respir-
atory muscle function in patients with mitral valve disease. 
Am J Med. 1980;69:867-873.

17. Chetta A, Bobbio A, Aiello M, Del Donno M, Castagnaro 
A, Comel A, et al. Changes in lung function and respira-
tory muscle strength after sternotomy vs. laparotomy in 
patients without ventilatory limitation. Eur Surg Res.              
2006;38:489-493.

18. Jain U, Rao TL, Kumar P, Kleinman BS, Belusko RJ, Kanuri 
DP, et al. Radiographic pulmonary abnormalities after dif-
ferent types of cardiac surgery. J Cardiothorac Vasc Anesth. 
1991;5:592-595.

19. Siebert J, Rogowski J, Jagielak D, Anisimowicz L, Lango R, 
Narkiewicz M. Atrial fibrillation after coronary artery by-
pass grafting without cardiopulmonary bypass. Eur J Car-
dio-Thorac Surg 2000;17:520-523.

20. Lell WA, Samuelson PN, Reves G, Strong SD. Duration of 
intubation and ICU stay after open heart surgery. South 
Med J. 1979;72:773-778.

21. Shirzad M, Karimi A, Ahmadi SH, Marzban M, Tazik M, 
Aramin H. Predictors and Early Outcome of Prolonged Me-
chanical Ventilation in Contemporary Heart valve Surgery. 
Monaldi Arch Chest Dis. 2010;74:22-27.

Authors’ Contributions:

SO completed the study design, writing manuscript 
and literature research.
RD study design, writing manuscript and literature 
research.
MZ data collection, analysis and interpretation of 
data concerning respiratory function.
KM data collection, analysis and interpretation of 
data concerning respiratory function.
ACH analysis and interpretation of data concerning 
surgery.
RM statistical analysis.
ZY analysis and interpretation of data concerning 
cardiology.
HNG study design and management, writing and 
editing of the manuscript, review and final approv-
al of manuscript.

  Pak J Med Sci   2011   Vol. 27   No. 5      www.pjms.com.pk   975


