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A B S T R AC T

Background: The population of young patients under 40
requiring coronary bypass surgery is characterized by an
extremely and unusually rapid progression of coronary heart
disease. The aim of the present study was to assess the clinical
status and quality of life in these patients after surgery in rela-
tion to the type of conduit used to revascularize the left ante-
rior descending artery (LAD).

Methods: One hundred seventeen patients under 40
(range, 30-40 years) underwent coronary artery bypass graft-
ing (CABG) at our institution between 1991 and 1999.
Ninety-one patients received LIMA to LAD graft (group A),
and in 26 patients the saphenous vein was used to graft this
vessel (group B). Seventy-eight patients (63 in group A and
15 in group B) were assessed after a mean time of 71 ± 26
months. They were asked to fill out a questionnaire aimed at
their subjective assessment of their quality of life as compared
with their preoperative status. 

Results: Five-year actuarial survival was higher in patients
with LIMA to LAD graft (log rank test: P < .004). The func-
tional status of patients in group B was significantly worse in
comparison to group A: respectively, CCS 2.2 ± 1.1 versus
1.5 ± 0.7; (P = .02), NYHA 2.2 ± 1.1 versus 1.3 ± 0.5; (P =
.002). Patients in group B more frequently required reinstitu-
tion of nitroglycerine treatment (93% versus 56%; P = .025).
We failed to show differences between the 2 groups as far as
subjective quality of life is concerned. In summary, 63% of
patients perceived it to be worse, 29% to be better, and 8%
felt it had not changed.

Conclusion: The use of LIMA is crucial in patients
undergoing CABG under the age of 40 in order to achieve
the best possible surgical results. Quicker recurrence of coro-

nary disease symptoms is observed when a vein is used to
graft the LAD. It may reflect an earlier progress of
atherosclerosis in venous grafts. 

I N T R O D U C T I O N

Clinically symptomatic coronary heart disease (CHD) in
young adults (under 40) is usually associated with such risk
factors as smoking, arterial hypertension, diabetes, and
hypercholesterolemia [Trzeciak 2001]. The development of
an aggressive, premature form of coronary disease may also
indicate the importance of psychical stress and genetic factors
in those patients. The treatment options include both phar-
macotherapy and invasive approaches: percutaneous translu-
minal coronary angioplasty (PTCA), often supplemented
with stent implantation, and surgical coronary artery bypass
grafting (CABG) with the use of arterial and venous conduits.

The assessment of patients after CABG surgery has been
the subject of multiple clinical trials, although most of them
included elderly and middle-aged patients. The analyses of
cardiopulmonary function and quality of life in young indi-
viduals after CABG surgery are scarce.

The aim of our study was to assess contractile and diastolic
function of the left ventricle, CCS and NYHA functional sta-
tus, and presence of coronary heart disease risk factors in this
young age group (<40 years) with respect to the type of con-
duit (artery versus vein) used to graft the LAD. 

M AT E R I A L S  A N D  M E T H O D S

One hundred seventeen patients operated on in our institu-
tion between 1991 and 1999 were retrospectively analyzed. All
but 1 patient underwent elective surgery for stable CHD. One
patient operated on for unstable angina received left anterior
mammary artery (LIMA) to LAD graft. The mean age of
patients at the time of surgery was 37.2 ± 2.3 years (range, 30-
40 years; 93% males). LIMA to LAD graft was constructed in
91 patients (group A), while in the remaining 26 (group B) a
segment of saphenous vein (vein graft [VG]) was used to revas-
cularize the LAD. One patient died in the early postoperative
period. Thirty-eight patients were lost to follow-up, but we
managed to collect mortality data from the municipal authori-
ties. Thus, all patients were included in the survival analysis.
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The remaining 78 patients (63 from group A and 15 from
group B) for the sake of this analysis were invited for the
detailed assessment. Apart from determination of Canadian
Cardiovascular Society (CCS) and New York Heart Associa-
tion (NYHA) functional status as well as current pharma-
cotherapy, evaluation included an echocardiography examination
and quality of life questionnaire. At the check up, the mean fol-
low up time equaled 71 ± 26 months. The patients’ clinical
profiles and factors analyzed are presented in Table 1.

Quality of Life Assessment
Patients’ quality of life was assessed based on a question-

naire that included 20 questions describing 4 domains:
(1) how they felt and performed in society, (2) their family
life, (3) physical performance, and (4) emotional status. The
questionnaire was constructed in such a way that it was nec-
essary to compare preoperative status with the current self-
assessment. For each answer, –1 point was awarded in case of
deterioration, 0 points when there was no change, and +1
point when a patient’s self-assessment improved in given
domain in comparison to pre-operative time. The sum of all
scores from all answers (range, –20 to +20) was subjected to
analysis. The need for repeat hospitalization for cardiac
causes, professional activity, and the presence of coronary
heart disease risk factors in the postoperative course were
also analyzed.

Echocardiography
The echocardiography examination was performed with

the use of a Hewlett Packard (Palo Alto, CA, USA) Sonos
2000 with a 2.5 MHz transthoracic transducer. Color coded
pulsed Doppler was used for flow analysis. In the long axis,
parasternal view, and M-mode the following parameters were
measured: left atrial (LA) diameter, end-diastolic (EDD)
and end-systolic (ESD) diameters of the left ventricle (LV),
and end-diastolic (EDV) and end-systolic volumes (ESV) of
the LV. Left ventricular ejection fraction (EF) was calculated
using Simpson’s method, which is a mean value of EF calcu-
lated in 2- and 4-chamber views. Segmental contractility was
assessed based on the score system reflecting contractility
of each segment of the LV (scores: 1, normal contractility;
2, hypokinesia; 3, akinesia; 4, dyskineasia; 5, aneurysm). The
wall motion score index (WMSI) was calculated by dividing
the sum of the scores by the number of segments analyzed

[Otto 2002]. In addition, certain parameters reflecting dias-
tolic function were analyzed: transmitral flow velocity in
early-diastole (E wave) and late-diastole (A wave) and E to
A ratio (E/A). Also, early inflow deceleration time (DTE) and
isovolumic relaxation time (IVRT) were measured. E/A > 1,
DTE > 200 ms, and IVRT > 90 ms were regarded as indices
of diastolic dysfunction of the LV [Otto 2002]. Mitral regur-
gitation was assessed by dividing regurgitant wave area by the
LA area. It was considered significant when the index
exceeded 0.2 [Helmcke 1987]. 

Statistical Analysis
Data are presented as mean ± standard deviation (SD).

Continuous data were compared with the use of the student t
test or Mann-Whitney test. Chi square or the exact Fisher
test were utilized to determine the frequency with which the
particular parameter occurred in the analyzed group. The
correlation analysis was performed based on Pearson’s and
Spearman’s tests where appropriate. Survival rates were cal-
culated by the Kaplan-Meier method and compared by log-
rank test. In each case P values less than .05 were considered
significant. SigmaStat 3.0 software (SPSS Inc., Cary, NC,
USA) was used to perform all statistical tests.

R E S U LT S

One patient died in the early postoperative course (0.85%)
and 10 other late deaths were noted (8.62%). Mean 5-year
survival was 92% (Figure 1). Patients with VG to LAD had a
significantly higher probability of death compared to those
with the LIMA to LAD graft. Group analysis revealed a
mean 5-year survival of 95% in group A and 80% in group B
(log rank test: P < .004) (Figure 2).

Patients in group B developed symptomatic angina dur-
ing follow-up more often than those in group A: CCS 2.2 ±
1.1 and 1.5 ± 0.7, respectively; P = .02. Those patients
required reinstitution of nitrate therapy more frequently
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Table 1. Clinical Characteristics and Risk Factors of CHD

Group A Group B
LITA-LAD VG-LAD
(n = 63) (n = 15) P

Sex, F/M 5/58 1/14 1.0
Hypertension 30 (48%) 4 (26%) .23
Diabetes 2 (3%) 0 1.0
Postoperative hyperlipidemia 50 (79%) 11 (73%) .73
Smoking (preoperatively) 44 (70%) 13 (86%) .33
Smoking (postoperatively) 7 (11%) 2 (13%) .68
Number of grafts used 3.0±0.95 3.4±0.91 .14

Figure 1. Kaplan-Meier survival curve for studied population with
95% CI.



(93% versus 56%, P = .025). As for other drugs, the differ-
ences between the two groups were not statistically signifi-
cant. (Table 2).

Even though the differences in EF, LVEDV, and LVESV
between the groups failed to reach significance, segmental
contractility index was higher in patients with VG to LAD
than with LIMA to LAD (1.4 ± 0.3 versus 1.2 ± 0.3, respec-
tively; P = .03).

We failed to show the difference in the diastolic function
parameters of LV between groups (Table 3). Their mean val-
ues revealed some diastolic dysfunction in the whole studied
population. On average, IVRT was 90.6 ± 24.8 ms, exceeding
normal values (> 90 ms) in 30 patients (38%). In 52 patients
(66%), E/A ratio exceeded 1 (range, 0.57-3.18). E wave
deceleration time ranged from 40 ms to 340 ms; in 13
patients (17%) it was longer than 220 ms and in 6% of them
it was markedly prolonged (> 250 ms). 

NYHA classification revealed that heart failure was signifi-
cantly more advanced in patients in group B than in group A:
2.2 ± 1.1 and 1.3 ± 0.5, respectively; P = .002. The extent of
heart failure symptomatology correlated positively with the
degree of mitral regurgitation, as depicted by the ratio of
regurgitant area and LA area (r = 0.374, P = .0008) and maxi-

mal transmitral flow velocity in late-diastole (A wave); r = 0.3,
P = .008. The degree of heart failure according to NYHA
classification was proportional to the LVEDDI (r = 0.25, P =
.026) and RVDI (r = 0.3, P = .006). 

The quality of life questionnaire showed an average score
of –2.5 ± 6.3 in group A and –2.7 ± 4.7 in group B (P = .8).
This indicates that majority of patients felt their quality of life
deteriorated in comparison to preoperative status (61% ver-
sus 66%, respectively; P = 1.0). In fact, only 31% in group A
and 20% in group B (P = .53) felt their quality of life
improved, and 6% and 13%, respectively, (P = .32) perceived
no change from before the operation. Among those who felt
their quality of life was worse, 46% indicated the most nega-
tive scores in the emotional status domain. Twenty-six
patients (41%) in group A and 8 (53%) in group B managed
to return to professional activity (P = .56). However only 16
patients (61%) in group A and 5 (62%) in group B resumed
exactly the same kind of job (P = .5)

In 19 patients (30%) in group A and 6 (40%) in group B
there was a need for hospital readmission due to angina
recurrence (P = .54). The frequency of hospital readmissions
correlated well with quality of life scores in both groups (r =
0.45, P < .0001 ;r = 0.51, P = .049, groups A and B respec-
tively.). We failed to show a statistically significant correlation
of quality of life score with NYHA class in both groups (r =
0.13, P = .33 ; r = 0.05, P = .8, groups A and B respectively).

New myocardial infarctions occurred in 4 patients (6%)
in group A and 3 (20%) in group B. These differences
lacked statistical significance (P = .12). Repeated revascu-
larisation procedures (either PTCA or CABG) were neces-
sary in 3 cases (5%) from group A and 2 cases (13%) from
group B (P = .24).
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Figure 2. Kaplan-Meier survival curves depending on the type of graft
to LAD.

Table 2. Postoperative Medication

Group A Group B
LITA-LAD VG-LAD
(n = 63) (n = 15) P

Nitrates 35 (56%) 13 (93%) .025
Beta blockers 50 (80%) 10 (71%) .31
Calcium antagonists 7 (11%) 4 (29%) .2
Lipid lowering 37 (60%) 8 (57%) .87
ACEI 23 (37%) 7 (50%) .66
Diuretics 8 (13%) 3 (21%) .43

Table 3. Echocardiographic Parameters of Systolic and Diastolic
Function from Follow-up Examination*

Group A Group B
LITA-LAD VG-LAD
(n = 63) (n = 15) P

EF, % 49.9 ± 10.7 45.2 ± 10.3 .13
WMSI 1.26 ± 0.3 1.41 ± 0.3 .03
ESV, mL 66.8 ± 32.0 77.2 ± 39.6 .28
EDV, mL 130 ± 45.2 136 ± 55.9 .64
EDD, mm 55.7 ± 5.6 56.6 ± 7.6 .9
ESD, mm 37 ± 6.8 40.2 ± 10.2 .21
LA, mm 36.8 ± 4.8 37.9 ± 6.7 .68
Mitral regurgitation 3 (5%) 2 (13%) .24
E wave flow velocity, m/s 0.8 ± 0.23 0.76 ± 0.201 .73
A wave flow velocity, m/s 0.66 ± 0.149 0.76 ± 0.288 .28
E/A ratio 1.25 ± 0.427 1.08 ± 0.419 .15
DTE, ms 161.5 ± 57.12 158.2 ± 52.57 .84
IVRT, ms 90.3 ± 24.18 91.8 ± 28.36 .9

*EF indicates ejection fraction; WMSI, wall motion score index; ESV, end-
systolic volume; EDV, end-diastolic volume; EDD, end-diastolic diameter; ESD,
end-systolic diameter; LA, left atrial; E wave, early diastole; A wave, late dias-
tole; DTE, deceleration time; IVRT, isovolumic relaxation time.
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D I S C U S S I O N

The role of surgical revascularization in coronary heart
disease is well established and recognized. In the present
paper we analyzed young patients who underwent surgical
revascularization with the use of either venous or arterial
grafts to the LAD. The decision about the use of either of
those grafts was made exclusively by the surgeon, depending
on his own experience and preferences. In the early 1990s it
was still debatable whether all patients should receive LIMA.
Some surgeons believed that, particularly in young patients,
LIMA should be saved for future reoperation. With the
growing evidence of LIMA superiority, the practice soon
changed so that by the end of the 1990s nearly all patients
received LIMA to LAD grafts in our institution. Therefore,
group B is inevitably smaller. Bearing in mind this deficiency,
we decided to perform this retrospective analysis because
with the current practice one cannot hope for contemporary
representative group of young adults with vein graft to LAD
for comparative analysis. 

Previously published data suggest that the LIMA to LAD
graft is also the preferred choice in the young individuals, due
to the excellent long-term patency [Loop 1977, Loop 1986,
Olearchyk 1986].

We observed in our group a significantly higher probabil-
ity of late death among patients with LAD grafted with a
vein. This is concordant with results of Rohrer-Gubler, who
demonstrated that using venous grafts in such young patients
was an important risk factor of late death [Rohrer-Gubler
1998]. Also, French and coworkers concluded that failure to
use IMA correlates with increased rate of late death [French
1995]. The retrospective analysis of long-term results of sur-
gical revascularization procedures performed by Ng et al
demonstrated that using IMA in young individuals substan-
tially increases their survival [Ng 1997]. The paper of Loop
clearly shows that the 10-year risk of death is 1.6 times
higher among those with venous graft to the LAD in com-
parison to patients in whom LAD was grafted with IMA
[Loop 1986]. What is interesting though, is that the survival
analysis of our cohorts revealed significant differences as
early as after the first 5 years after the operation. In the
CASS registry, first differences were observed after 8 years
[Cameron 1996]. Despite the fact that the CASS population
was older than ours, generally the mean 5-year survival equal
to 96% [Myers 1999] was superior to the survival data
observed in our group (92%). Therefore our data confirm
what Mayers et al found when they analyzed survival data of
CASS population and demonstrated that young age at the
time of surgery is a strong negative determinant of late sur-
vival [Myers 1999]. 

Most of our patients presented with one or more of the
commonly recognized coronary heart disease risk factors,
such as dyslipidemia, smoking history, and positive family his-
tory. A similar study was conducted by Zehr [1994], although
dyslipidemia in his population was less frequent (37% to
52%). Others also point to a high prevalence of risk factors,
also including arterial hypertension, diabetes, and smoking in
this young group of patients [Nataf 1992, Graziosi 1994,
French 1995, Trzeciak 2001].

A relatively small number of patients in our population
was on lipid lowering therapy. Moreover, among those on
therapy, in many cases the goals for LDL cholesterol (<100
mg/dL) were not fully achieved. Although there were no dif-
ferences between groups, this factor may also have influenced
the artherosclerosis progression rate in these young adults.

Half of the patients in group A and only 26% of those in
group B had arterial hypertension. There were only 2 (3.1%)
diabetic patients in group A (3.1%). Most of our patients quit
smoking after surgery; this statistically important fact was
also observed by other authors [Trzeciak 2001]. Frequent
coexistence of multiple risk factors and positive family history
allows us to assume that this young population (<40 years) is
an example of patients with genetically determined coronary
heart disease.

We found a statistically higher recurrence rate of ischemic
symptoms in the group of patients with venous graft to the
LAD, which was associated with an increased need for rein-
stitution of nitrate therapy. This reflects indirectly a faster
progression of atheromatic processes in venous grafts. Zem-
bala and Trzeciak also confirmed that the use of LIMA to
graft the LAD in young individuals (mean age, 37.4 years)
significantly decreases the rate of angina recurrence [Zembala
2002]. Echocardiographic studies revealed more advanced
left ventricle regional contractility dysfunction in patients in
group B, while other parameters reflecting LV systolic func-
tion remained unchanged. We failed to find differences in
parameters describing LV diastolic function (E/A, DTE,
IVRT) between groups; however, their mean values indicate a
degree of diastolic dysfunction in the whole population stud-
ied. Nonetheless, the lack of correlation between the parame-
ters mentioned above and the degree of heart failure
described by NYHA class calls for great carefulness when it
comes to the analysis. The degree of heart failure correlated
well in both groups with the level of mitral regurgitation, the
pattern of transmitral diastolic flow, and end-diastolic ven-
tricular diameter. 

The survey of quality of life demonstrated no improve-
ment in 8% of patients in both groups. What is more striking
though, in general, is that in as many as 63% of patients the
quality of life deteriorated following coronary surgery. This
data showed no association with the degree of heart failure,
nor pathologies found on echo examination.

Frequently in analyzing such young populations, a suc-
cessful return to professional life after surgery is considered
an indicator of the quality of life [Graziosi 1994, Zehr 1994].
In our cohort, 41% of patients in group A and 53% in group
B managed to resume professionally active lives. These values
are slightly worse than reported previously [Laks 1978, Kelly
1998, Graziosi 1994, Zehr 1994]. Most resumed previous
jobs (group A, 61%; group B, 62%). As many as 38% of
patients were forced to take up lighter activities, a fact that
Graziosi observed significantly less often (7% of cases)
[Graziosi 1994]. It seems that the perceived deterioration of
the quality of life could be associated with negative emotions
resulting from the inability to continue work. This stresses
the importance of proper postoperative care and rehabilita-
tion programs that would enable coming back to normal pro-
fessional life. 
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Definitely in our material those patients who required
hospital readmission, with or without the need for revascular-
ization, demonstrated poorer postprocedural quality of life.
This finding was confirmed by Simchen and coworkers
[2001], who demonstrated that the postoperative deteriora-
tion of quality of life is more frequent in women, patients
with higher CCS scores, and those who were not enrolled in
decent rehabilitation programs.

Our data confirm better survival among patients with
LIMA to the LAD graft. This finding may denote that the
use of arterial grafts in such young individuals has more
impact than risk factors that influence the progression of
coronary disease. If it were disease progression in those
young patients that was a primary factor influencing late sur-
vival, then the curves would be similar. 

Our conclusions are limited by the design of the analysis,
which is a retrospective observational study. Another limita-
tion is the fact that in each case the decision to use or not use
LIMA was an individual decision of the surgeon. This deci-
sion was mostly influenced by his experience and approach
he had toward type of grafts such young patients should
receive. Moreover, we cannot exclude the possibility that
better results observed in the group of patients with LIMA
to LAD graft were influenced by other factors that we did
not consider.

C O N C LU S I O N S

The use of the internal mammary artery to revascularize
the left anterior descending artery is especially important in
patients who are operated on before the age of 40. This strat-
egy not only influences positively their late survival, but also
allows for delaying the onset of the recurrence of anginal
symptoms.

Coronary patients younger than 40 years old require par-
ticular attention paid to early and late postoperative care with
the utmost effort taken to control the coronary disease risk
factors. 
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R E V I E W  A N D  C O M M E N TA RY

1. Editorial Board Member PB44 writes:
While this paper discusses a subject which, I believe, is

noncontroversial in most surgeons’ eyes, it does provide more
evidence. Now of course, we really need the group who had
stents placed to the LAD as a comparison!

(a) I have concerns about the small number with SVG to
the LAD. There needs to be some comment regarding levels
of lipids. Quite a small number were on lipid-lowering drugs
by today’s standard.

(b) The lack of statistical sigficance between the groups in
many areas is a type II error.

(c) Of those having further interventions, how many
required grafts other than the LAD?

(d) How agressive was the lipid-lowering therapy?
(e) What were the indications for a SVG to the LAD com-

pared to an IMA?
(f) Was there a temporal change in use of IMA between

1991 and 1999?
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Authors’ Response by Dr. Marcin Malinowski:
We would like to thank the reviewers for their reviews and

comments. We have attended to them in the revised version
of manuscript. In particular we included points regarding
graft selection bias and the lipid-lowering therapy in the dis-
cussion. Furthermore, following Editorial Board Member
PB44’s remark on type II error, we made sure to avoid cate-
gorical statements on the lack of differences in the article.

We agree with the reviewers that the data are based on a
retrospective analysis of a relatively small number of patients;
however, with the current practice of implanting LIMA to
LAD in nearly all cases, collecting a prospective large group
of patients for more powerful analysis does not seem feasible.
We believe that with all its limitations our study adds to the
understanding of the natural history of coronary artery dis-
ease in young adults.

Regarding Editorial Board Member PB44’s comments: 
(a), (b) We have to agree that the lack of statistical signifi-

cance between the groups in many areas is due to a type II
error. Unfortunately this is a retrospective analysis and we
can only regret that the number in the vein graft group is not
bigger. 

Doing a prospective randomized study comparing LIMA-
LAD and VG-LAD nowadays, although interesting, would
not be ethical since we have more and more evidence that
even in that age group using LIMA improves survival. 

We completely agree that a rather small number of
patients were on lipid-lowering therapy (statins especially).
This indicates that not all risk factors were properly con-
trolled in this population postoperatively. One could expect
that the results might be different if anti-lipid therapy was
more rigorously observed.

(c) There were 5 reinterventions: 1 CABG and 4 PCIs.
Of those, only 1 did not require intervention to LAD terri-
tory and received PTCA to OM graft. Two patients had
PCI to LAD, 1 to LAD and OM, and 1 received 2 grafts: to
LAD and PDA.

(d) Ideally, lipid-lowering therapy should achieve goals of
The Adult Treatment Panel III (ATP III) of the National
Cholesterol Education Program (JAMA, 2001;285:2486-
2497). All patients had CHD so the goal to attain should have
been LDL cholesterol level <100 mg/dL. 

We did not control medical therapy during follow-up
and found that, by today’s standards, in many patients it

was inadequate. In our contemporary practice, every
patient after CABG is started on HMG-CoA inhibitor on
postoperative day 1. One has to remember that many
patients in the study were operated on before the
widespread use of statins.

(e), (f) The decision about whether to use LIMA or vein
graft was only surgeon-dependent because all but 1 patient
studied underwent elective coronary surgery. In fact, the
patient with unstable angina received LIMA to LAD graft. In
the early 1990s, some surgeons in our department still pre-
ferred vein to LIMA (having not much experience with arte-
rial grafts or still not being convinced of their advantages).
Growing evidence of the advantages of LIMA over vein to
LAD at that time resulted in the continuous change over
time in our daily practice toward more frequent use of arte-
rial grafts. Finally, LIMA to LAD became a gold standard for
all age groups.

2. Editorial Board Member AX44 writes:
The manuscript needs better explaination as to why group

B did not get a LIMA. I expect there is selection bias involved
that will reduce the importance of the observation.

This study is not randomized and should be viewed as sug-
gestive at best. I believe the conclusion, but it is hard to make
the case based on the “data” presented.

Authors’ Response by Dr. Marcin Malinowski:
We totally agree that our study is only a retrospective

nonrandomized analysis. Because all trials comparing LIMA
and vein grafts to LAD were not especially aimed at that
young age group, we wanted to point out that this group of
patients possibly benefit more from using LIMA. Some sur-
geons previously thought that not using LIMA will “save”
this graft when the patient is back later for, in their opinion,
inevitable reoperation. We think that this kind of approach is
not evidence-based and should be avoided. 

Apart from making the point that the survival benefit of
LIMA to LAD graft over the vein may be visible earlier in
the young patients than it appears from the CASS Registry,
for example, (N Engl J Med 1996;334(4):216-9), our paper
shows generally less than optimal outcomes of the surgery in
this young population, with the majority of patients being not
satisfied with their quality of life and only half being able to
return to work.
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