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M E T H O D S

Flowchart of 
analysis

Patient selection, covariate 
adjustment, and matching pipeline 
— from raw database to final 
comparative analysis.
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A P P E N D I X

Analysis log & 
reproducible 
methods
Full SAS workflow — data prep, 
logistic regression, propensity 
matching and Cox modelling — 
provided for reproducibility.
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U N A D J U S T E D  S U R V I V A L

LSV to LAD showed 
worse survival than 
LIMA

In the raw cohort, the vein-graft group 
separated early and stayed below the 
LIMA curve throughout follow-up.

LO G - R A NK  TEST

p = 0.0002   χ² = 14.19
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B A S E L I N E  C O M PA R A B I L I T Y

Are the LIMA and LSV groups comparable?

Continuous variables
LSV vs LIMA

• Higher age 66.9 vs 64.2

• Higher EuroSCORE II 2.91 vs 1.69

• Lower BMI 28.9 vs 29.2

• Longer XClamp 57.6 vs 55.6

• Longer CPB 103.5 vs 98.0

• Fewer grafts 2.84 vs 3.17

• Longer LOS 10.3 vs 8.2

• Longer Total LOS 17.0 vs 14.9

Clear imbalance
Categorical, significant

• Gender more males, p<0.0001

• Urgency more urgent, p<0.0001

• Pre-op IABP more common, p<0.0001

• EF category worse EF, p<0.0001

• CCS class 3 more severe, p<0.0001

• NYHA 3 differs, p=0.0024

• Previous MI more common, p=0.0008

• Previous PCI more common, p=0.0199

• CrCl worse renal fn, p<0.0001

No difference
Balanced at baseline

• Smoking

• Diabetes (DM)

• LMS >50%

• Hypertension

• High cholesterol

• Hypothyroid

• Poor mobility

• Emphysema / COPD

• Neuro history / PVD
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PAT I E N T  C O H O R T

Baseline 
characteristics

The LSV group is consistently higher-
risk across age, EuroSCORE, EF, IABP 
use and renal function.
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P R E D I C T O R S  O F  L S V  U S E

Binary logistic regression for LSV use
Which pre-operative factors are independently associated with receiving LSV to LAD?

Strongest positive predictors

• EF <20% — OR 12.4  (31–50%: 2.37, <30%: 4.35)

• Pre-op IABP — OR 4.82  (critically ill)

• Emergency surgery — OR 2.30  (urgency matters)

Comorbidity & disease burden

• Age — OR 1.035 per year
• CrCl 60–89 — OR 1.78
• CCS ≥3 — OR 1.56
• Previous PCI — OR 1.35

M O D E L  Q UA L I T Y

• Global p < 0.0001  model is strong

• c-statistic = 0.725  good discrimination

W H AT  T H I S  T E L L S  U S

Surgeons selectively used vein grafts in the sickest 
patients — low EF, critically ill, and emergent cases — 
setting up the confounding seen in the raw survival 
curve.
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A D J U S T E D  M O D E L

Multivariable 
predictors of 
LSV use
Odds ratios with 95% confidence 
intervals for each independent 
predictor of receiving a vein graft.
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C O N F O U N D I N G  C O N T R O L

Propensity 
score matching

1:1 nearest-neighbour greedy 
matching (caliper 0.2 SD) produced 
405 well-balanced pairs.
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M AT C H  D I A G N O S T I C S

Balance after matching
After matching, every pre-operative variable is balanced — all p-values are non-significant.

CO N T I N U O U S  VA R I A B L ES
All key pre-op variables balanced

Age   p = 0.5876

EuroSCORE II   p = 0.7181

BMI   p = 0.2048

Extent of CAD   p = 0.5365

C AT EG O R I C A L  VA R I A B L ES

Gender p = 0.7300
Smoking p = 0.6586
Diabetes (DM) p = 0.8451
LMS >50% p = 0.4488
Hypertension p = 0.4053
High cholesterol p = 0.3862
Urgency p = 0.9032
Pre-op IABP p = 0.3063
EF category p = 0.9932
CCS class 3 p = 0.7887
NYHA 3 p = 1.0000
Previous MI p = 0.3904
Previous PCI p = 0.8025
CrCl category p = 0.6613
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L I F E T E S T  P R O C E D U R E

Testing survival 
homogeneity

Log-rank, Wilcoxon and likelihood-
ratio tests of equality across strata in 
the matched cohort.
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M AT C H E D  S U R V I V A L

The curves converge 
once risk is balanced

In the 405 matched pairs, the Kaplan–
Meier curves overlap for the full follow-up 
period.

NO  S U RV I VA L  D I F F E R E N C E

p = 0.7785   Wilcoxon 0.9141
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I N T E R I M  S Y N T H E S I S

What the study says so far

UNADJUSTED ANALYSIS

LSV appeared worse   log-rank p = 0.0002

AFTER ACCOUNTING FOR BASEL INE  DIFFERENCES

Matched KM   p = 0.7785
Matched Cox   HR 1.054, p = 0.7777

INTERPRETATION

The apparent unadjusted disadvantage of LSV seems to be 
explained by:

• older age
• worse EF
• emergency status
• more IABP use
• worse renal function
• overall higher-risk case mix

— not by the conduit itself.
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A D J U S T E D  F U L L  C O H O R T

Cox regression in the full cohort

PRIMARY TREATMENT EFFEC T  — LSV vs  L IMA

HR 1.262
95% CI 0.924–1.723   •   p = 0.1433

Not an independent predictor of mortality

CO N S I STE NT  AC RO S S  M E T H O D S

Matched Cox: HR 1.054, p = 0.7777
Full cohort: HR 1.262, p = 0.1433

INTERPRETATION

The estimate trends slightly above 1, but the CI crosses 1 and is 
not significant. The worse unadjusted survival is largely 
explained by confounding and baseline risk imbalance — not 
conduit choice.
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L O N G -T E R M  M O R TA L I T Y

Multivariable 
Cox regression

Adjusted hazard ratios for long-term 
mortality. LSV_to_LAD is non-
significant (HR 1.262, p=0.143); age, 
EuroSCORE, diabetes, EF and renal 
function drive risk.
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K E Y  F I N D I N G S

Summary

1   3,308 patients: 416 LSV to LAD, 2,680 LIMA to LAD.

2   Unadjusted KM survival was worse in the LSV group (log-rank 
p=0.0002).

3   Logistic regression identified age, EF, urgency, IABP, CCS, renal 
function and previous PCI as predictors of LSV use.

4   Full-cohort Cox: LSV not independently associated with 
mortality (HR 1.26, 95% CI 0.92–1.72, p=0.14).

5   Propensity matching yielded 405 well-balanced pairs with no 
baseline differences.

6   Matched cohort: no survival difference (log-rank p=0.78; Cox 
HR 1.05, 95% CI 0.73–1.52).

Bottom line: once baseline risk is accounted for, conduit type is not independently associated with long-term 
survival.
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W H AT  T H E  G U I D E L I N E S  S AY

Guidelines: ESC 2018 & US 2021
ESC / EACTS 2018 — Procedural aspects US 2021 — Bypass conduits in CABG
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S U P P O R T I N G  E V I D E N C E

Why LIMA is 
preferred for 
the LAD
Landmark observational data — 
CASS registry and large CABG series 
— show improved survival and 
patency with LIMA-LAD versus a vein 
graft.
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E X T E R N A L  V A L I D AT I O N  •  L U T H R A  E T  A L .  2 0 2 4

An independent cohort shows the same pattern

SAME S IGNAL ,  LARGER SERIES

Unmatched: log-rank p<0.01

Propensity matched: p=0.31

The unmatched gap disappears after 
matching — mirroring our result.

Luthra S, Masraf H, Mohamed ME, Malvindi PG, Sef D, Miskolczi S, Velissaris T. Left Internal Thoracic Artery versus Saphenous Vein Grafts to LAD after Isolated CABG. Life 2024, 14, 385. 
https://doi.org/10.3390/life14030385
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T H E  B R O A D E R  Q U E S T I O N

Clinical guidelines vs clinical judgement

Clinical practice guidelines

Developed by multidisciplinary panels from systematic 
reviews of evidence and risk/benefit. They reduce 
cognitive bias and unwarranted variation — bodies like 
NICE set standards that promote the highest quality of 
care.

Clinical judgement

The clinician's real-time assessment — recognizing 
cues, prioritizing hypotheses, and tailoring a plan under 
uncertainty. It weighs the patient's values, 
comorbidities and real-world complexity that a general 
guideline cannot capture.

THE INTERPLAY IN PRACTICE

Guidelines are advice, not orders. Under the GMC framework, a clinician may justifiably depart from a guideline in a patient's 
best interest — after discussing the reasoning — but blindly following one against contrary indicators can itself create liability.
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T H E  B R E A K D O W N

The map, the driver, and the law

Guidelines — the map
Built from population averages. They show the best-known 
route for the typical patient, but can't see the road right in 
front of you.

Judgement — the driver
Guidelines only on their own is cookbook medicine; 
judgement alone is "how I've always done it." Safe care 
needs both — the map sets the boundaries, the driver 
navigates within them.

IN  THE EYES OF THE LAW

Guidelines are not the law. The test is not "did the clinician follow the guideline?" but "did they meet the standard of care?" 
Under the "two schools of thought" doctrine, a course supported by a respectable minority of peers is defensible even against a 
mainstream guideline — and what is documented in the record decides the case.

THE BOT TOM LINE
Medicine is an art as well as a science. Courts do not expect clinicians to practise like robots programmed by guidelines: 
deviation is entirely defensible when backed by a rational scientific basis, supported by expert peers, and clearly documented 
in the patient's chart.
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