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The AST/ALT (De-Ritis) ratio

A novel marker for critical limb ischemia in peripheral arterial

occlusive disease patients

Peter Rief (MD)?, Martin Pichler (MD)°, Reinhard Raggam (MD)?, Franz Hafner (MD)?, Armin Gerger (MD)®,
Philipp Eller (MD)®, Marianne Brodmann (MD)?, Thomas Gary (MD)*"

Abstract N\
The aspartat aminotransferase (AST)/alanin aminotransferase (ALT) (De-Ritis) ratio (AAR) is an easily applicable blood test. An |
elevated AAR on the one hand has been associated with an increase in nonalcoholic fatty liver disease (NAFLD). NAFLD on the other
hand is associated with an increase in cardiovascular disease, all-cause mortality, and diabetes. As the AAR is also elevated in case of
muscular damage, we investigated AAR and its association with critical limb ischemia (CLI) in peripheral arterial occlusive disease
(PAQD) patients.

In our cross-sectional study, we included 1782 PAOD patients treated at our institution from 2005 to 2010. Patients with chronic
alcohol consumption (>20g/day) were excluded. AAR was calculated and the cohort was categorized into tertiles according to the
AAR. An optimal cut-off value for the continuous AAR was calculated by applying a receiver operating curve analysis to discriminate
between CLI and non-CLI.

In our cohort, occurrence of CLI significantly increased with an elevation in AAR. As an optimal cut-off value, an AAR of 1.67
(sensitivity 34.1%, specificity 81.0%) was identified. Two groups were categorized, 1st group containing 1385 patients (AAR < 1.67)
and a 2nd group with 397 patients (AAR > 1.67). CLI was more frequent in AAR > 1.67 patients (166 [41.9%)]) compared to AAR <
1.67 patients (329 [23.8%)) (P < 0.001), as was prior myocardial infarction (28 [7.1%] vs 54 [3.9%], P=0.01). Regarding inflammatory
parameters, C-reactive protein (median 8.1 mg/L [2.9-28.23] vs median 4.3mg/L [2.0-11.5]) and fibrinogen (median 427.5mg/dL
[344.25-530.0] vs 388.0mg/dL [327.0-493.0]) also significantly differed in the 2 patient groups (both P < 0.001). Finally, an AAR >
1.67 was associated with an odds ratio (OR) of 2.0 (95% confidence interval [CI] 1.7-2.3) for CLI even after adjustment for other well-
established vascular risk factors.

An increased AAR is significantly associated with patients at high risk for CLI and other cardiovascular endpoints. The AAR is a
broadly available and cheap marker, which might be useful to highlight patients at high risk for vascular endpoints.

Abbreviations: AAR = aspartat aminotransferase (AST)/alanin aminotransferase (ALT) (De-Ritis) ratio (AAR), ACE = angiotensin-
converting enzyme, ALT = alanin aminotransferase, AST = aspartat aminotransferase, CLI = critical limb ischemia, CRP = C-reactive

protein, NAFLD = nonalcoholic fatty liver disease, OR = odds ratio, PAOD = peripheral arterial occlusive disease.
Keywords: AST/ALT ratio, critical limb ischemia, nonalcoholic fatty liver disease, peripheral arterial occlusive disease

1. Introduction

Peripheral arterial occlusive disease (PAOD) is frequent and often
not diagnosed in time.™ If PAOD is not diagnosed and treatment
is not initiated immediately, the probability of disease progres-
sion and development of critical limb ischemia (CLI) is high.*!
CLI is an entity with high mortality and high risk of limb
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amputation. Although treatment options, especially endovascu-
lar treatment possibilities, improved in the last decades,
mortality, and amputation rates are still high.>*!

Nonalcoholic fatty liver disease (NAFLD) is characterized by
excessive accumulation of triglycerides in the liver in absence of
excessive alcohol consumption.®! NAFLD is closely associated
with cardiovascular disease and even all-cause mortality.!®”) The
gold standard for the diagnosis of NAFLD is liver biopsy.'®!
Because of its limitations and invasiveness it is not performed in
clinical practice and surrogate markers, mainly liver enzymes like
the aspartat aminotransferase (AST)/alanin aminotransferase
(ALT) (De-Ritis) ratio (AAR) are used for the diagnosis of this
common disease.!!

NAFLD was already evaluated as a risk factor for vascular
endpoints in atherosclerosis patients in various studies. Only
recently Fracanzani et al®! were able to show that NALFD,
especially in combination with elevated liver enzymes, was
significantly associated with cardiovascular events, defined as
acute coronary syndrome, and stroke in a 10 years follow-up.
However, similar to other studies performed in the field of
atherosclerosis, PAOD patients were not outlined in this study
and CLI was not included as an end point as well.
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AsPAOD is frequent and CLI is an entity with a high mortality,
highlighting PAOD patients with a high risk for CLI is of
importance. As the AAR is an easy to perform test and AAR is
also elevated in case of muscular damage we investigated AAR
and its association with CLI in PAOD patients.

2. Methods

We included 1782 consecutive PAOD patients treated at our
department from 2005 to 2010 in our cross-sectional study.
Inclusion criterion for our analysis was treatment at our
institution for PAOD during the time period described above.
Exclusion criterion in our study was alcohol consumption of >20
g/day, which goes along with international recommendations.!”!
The study was approved by the International Review Board of the
Medical University of Graz, Austria (IRB Number 24-506 ex
11/12). As this was a retrospective data analysis of blinded data
no written or verbal consent was obtained, which was approved
by the ethics committee.

The diagnosis and graduation of PAOD was assigned in our
outpatient clinic by means of clinical evaluation, ankle brachial
index, and duplex scan according to the TASC II criteria. Patients
were successive patients admitted to our outpatient clinic because
of their PAOD and afterwards scheduled for admission at our
ward for further treatment of their atherosclerotic disease. Blood
was taken in fasting patients at the time of diagnosis of PAOD
and laboratory examinations were performed. PAOD was
graduated using Fontaine classification, CLI was defined as
PAOD patients presenting with ischemic rest pain and/or skin
ulceration/gangrene in accordance to current guidelines reflecting
patients with Fontaine class 3 and 4.'" When patients were
admitted to the hospital, the medical records of the patients were
analyzed by a standardized questionnaire with attention to
cardiovascular risk factors and comorbidities. Clinical symptoms
were evaluated and physical examination was performed.

2.1. Statistical analyses

Clinical characteristics of subjects were analyzed using descrip-
tive statistics. For comparison of groups Chi-square test for
categorical values, t test for normally distributed continuous
variables, and Mann—-Whitney U test for nonnormally distributed
continuous variables were used.

The study population was divided into tertiles according to
their continuous AAR. In order to reveal a statistical trend for
AAR and CLI a Jonckheere-Terpstra test was performed. The
optimal cut-off value for the continuous AAR was calculated by
applying a receiver operating curve analysis to test all possible
cut-offs that would discriminate between CLI and non-CLI as
previously described.'?!

We further calculated odds ratios (ORs) with 95% confidence
intervals for different CLI-risk factors with a binary logistic
regression model. All tests used a P-value of 0.05 as a threshold
for significance. All statistical analyses were performed using
SPSS 22.0.

3. Results

A total of 1782 PAOD patients were included in the current
analysis. Patients’ characteristics are shown in Table 1. In a st
step the study population was categorized according to the AAR
into 3 tertiles each containing 594 patients. In the 1st tertile
(median AAR 0.9, 0.8-1.0) the CLI rate was 20.7%, in the 2nd

Medicine

Patients’ characteristics of all peripheral arterial occlusive disease
patients included in the study.

n 1782
Age in years, median (25th—75th percentile) 71 (61-79)
Men, n (%) 1064 (59.7)
BMI in kg/m?, median (25th—75th percentile) 26 (23-28)
Vascular risk factors

Hypertension, n (%) 1472 (82.6)
Type 2 diabetes, n (%) 603 (33.8)
Vascular endpoints

Prior myocardial infarction, n (%) 82 (4.6)
TIA, prior stroke, n (%) 151 (8.5)
Critical limb ischemia, n (%) 495 (27.8)
Concomitant disease

Atrial fibrillation, n (%) 319 (17.9)
Congestive heart failure, n (%) 167 9.4)
Coronary artery disease, n (%) 628 (35.2)
Cerebrovascular arterial disease, n (%) 1229 (69.0)

BMI=body mass index, TIA=transient ischemic attack.

tertile (median AAR 1.3, 1.2-1.4) the CLIrate was 27.2%, and in
the 3rd tertile (median AAR 1.8, 1.6-2.1) the CLI rate was 35.3%
(Fig. 1). In order to evaluate the trend for increase of CLI rate for
increasing AAR a Jonckheere-Terpstra test was performed and
showed statistical significance (P <0.001).

In a 2nd step an AAR value of 1.67 was calculated by receiver-
operating curve analysis as an optimal cut-off value to
discriminate between CLI and non-CLI with a sensitivity of
34.1% and a specificity of 81.0%. Consequently, we categorized
our cohort into 2 groups: Ist group with an AAR<1.67
containing 1385 patients and a 2nd group with an AAR>1.67
containing 397 patients. The 1st group contained 329 (23.8%)
CLI patients whereas the 2nd group included 166 (41.9%)
patients with CLI. The difference between groups was statistically
significant (P <0.001). Between the 2 AAR groups we found
further statistically significant differences in other vascular
endpoints (prior myocardial infarction 54 [3.9%] vs 28
[7.1%], P=0.01) and in inflammatory parameters (C-reactive
protein [CRP] [median 4.3mg/L (2.0-11.5) vs 8.1mg/L
(2.9-28.23)] and  fibrinogen = [median  388.0mg/dL
(327.0-493.0) vs 427.5mg/dL (344.25-530.0)]; both P<
0.001) as well (Table 2). We also did statistical analyses on
the correlation of AAR with CRP and fibrinogen. We calculated a

40
p for trend <0.001

CLI Rate in %

Tertile 2
1.3(1.2-1.4)

Tertile 1 Tertile 3
0.9(0.8-1.0) 1.8(1.6-2.1)
Figure 1. Percentage of patients with critical limb ischemia stratified by tertiles
of aspartat aminotransferase/alanin aminotransferase ratio. Numbers below
the figure are median aspartat aminotransferase/alanin aminotransferase ratio
and the 25th and 75th percentile.
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Clinical and hematological characteristics of population with AAR <1.67 and AAR > 1.67.

AAR < 1.67 AAR >1.67 P-value
N 1385 397
Age in years, median (25th—75th percentile) 69 (60-77) 76.5 (67-82) <0.001
Men, n (%) 876 (63.2) 188 (47.5) <0.001
BMI in kg/m?, median (25th—75th percentile) 26 (23-29) 4 (21-28) <0.001
Hypertension, n (%) 1146 (82.7) 326 (80.6) 0.9
Type 2 diabetes, n (%) 466 (33.6) 137 (31. 2) 0.7
Prior myocardial infarction, n (%) (3.9 28 (7.1 0.01
Atrial fibrillation, n (%) 210 (15.2) 109 (27. 5) <0.001
TIA, prior stroke, n (%) 117 8.4) 34 (8.6) 0.9
Congestive heart failure, n (%) 118 (8.5 49 (12.4) 0.02
Coronary artery disease, n (%) 466 (33.6) 162 (40.9) 0.009
Cerebrovascular arterial disease, n (%) 947 (68.4) 282 (71.2) 0.3
Renal failure, n (%) 367 (26.5) 155 (39.1) <0.001
Critical limb ischemia, n (%) 329 (23.8) 166 (41.9) <0.001
CRP in mg/L, median (25th—75th percentile) 3 (2.0-11.5) 1(2.9-28.23) <0.001
Fibrinogen in mg/dL, median (25th—75th percentile) 388 0 (327.0-493.0) 427.5 (344.25-530.0) 0.001
AAR, median (25th—75th percentile) 1.13 (0.92-1.37) 2.00 (1.82-2.40) <0.001

AAR = aspartat aminotransferase (AST)/alanin aminotransferase (ALT) (De-Ritis) ratio, BMI=body mass index, TIA=transient ischemic attack, CRP = C-reactive protein.

Pearson correlation and a Spearman rho as well for AAR and
CRP as for AAR and fibrinogen. For both parameters, we could
confirm a statistically significant but not relevant correlation
between the AAR and CRP/fibrinogen (P-value of <0.001; for
AAR and CRP: Pearson r=0.18; Spearman rho=0.14; for AAR
and fibrinogen: Pearson r=0.08; Spearman rho=0.09).

In a 3rd step AAR >1.67 was used as a variable in a binary
logistic regression model to evaluate this value as an independent
risk factor for CLIL In this model AAR>1.67, sex, type 2
diabetes, age > 735 years, coexistence of congestive heart failure,
arterial hypertension, CRP, and renal impairment were included.
Type 2 diabetes, age >75 years, and renal impairment were
included as these variables showed a close association with a
coexisting CLI in studies published recently from our group!®#!
and CRP was included as this is an established parameter
reflecting vascular inflammation.!"*! Even after adjustment for
these parameters AAR > 1.67 was associated with an OR of 2.0
(95 %confidence interval 1.7-2.3, P <0.001) for CLI (Table 3).

4. Discussion

In this study, we were able to demonstrate that an AAR > 1.67 is
associated with CLI in PAOD patients. Even after adjustment for
other main CLI risk factors like renal impairment, diabetes, and
age >75 years, AAR > 1.67 was associated with a 2-fold increase

Adjusted risk factors for critical limb ischemia in peripheral arterial
occlusive disease patients.

Risk factor Adjusted odds ratio (95% Cl) P-value
AAR>1.67 0 (1.7-2.3) <0.001
Age >75 years 1(1.9-2.3) <0.001
Sex 1(0.9-1.3) 0.5
Type 2 diabetes 9 (2.7-3.1) <0.001
Arterial hypertension O 7 (0.4-1.0) 0.01
Congestive heart failure 1(0.7-1.5) 09
Renal impairment 1 5 (1.3-1.7) 0.001
CRP 1.03 (1.01-1.05) 0.01

The factors were adjusted in a binary logistic regression model. AAR=aspartat aminotransferase
(AST)/alanin aminotransferase (ALT) (De-Ritis) ratio, Cl= confidence interval, CRP = C-reactive protein.

in CLI risk. However, not only CLI was more frequently found in
the high AAR group. Endpoints due to atherosclerotic lesions in
other vascular beds, like myocardial infarction, were also more
frequently encountered in this group. Even entities associated
with coronary artery disease, like congestive heart failure and
atrial fibrillation,™™® were significantly more prevalent in the
group with AAR>1.67.

NAFLD might be one reason for our findings concerning
elevated AAR and association with cardiovascular endpoints in
our study. This entity was only recently evaluated in over 3000
patients included in the Framingham Heart Study.!'” The authors
were able to show that NAFLD was significantly associated with
subclinical cardiovascular outcomes defined as coronary artery
calcium and abdominal artery calcium.'”! The mechanisms by
which hepatic steatosis might contribute to vascular disease is still
under discussion. Of course both entities share various risk factors
such as diabetes, elevated triglyzerides, and hypertension.
However, Mellinger et al''”! were able to show that the association
of NAFLD with subclinical atherosclerosis was independent of
these established risk factors. The authors discuss that microRNAs
might play a certain role as have been shown to be released by the
liver and promote vascular disease.!"®!

The close correlation of NAFLD with abdominal obesity and
insulin resistance makes it difficult to distinguish the causal
relationship underlying the increased risk of cardiovascular
disease in these patients. Hepatic steatosis is associated with
increased production of interleukin-6 and other proinflammatory
cytokines by hepatozytes and nonperynchymal cells, including
Kupfer cells.'"”>2! These increased cytokine expression is likely
to play a key role in the progression of NAFLD and
cardiovascular disease as well. Several case—control studies were
able to show that inflammatory markers also reflecting
inflammation in atherosclerosis patients, like CRP, interleukin-
6, and fibrinogen were highest in NAFLD patients, intermediate
in patients with simple steatosis and lowest in control subjects
without steatosis.>>) These differences were independent of
obesity and other potentially confounding factors. Increased CRP
promotes inflammation and atherosclerosis via increase in
expression of plasminogen activator inhibitor-1 and adhesion
molecules in endothelial cells and leading to an increase in LDL
uptake into macrophages.**!
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Of course AAR is influenced by various environmental and
physiological parameters. First alcohol intake is a common cause
of elevated liver enzymes. As patients with relevant alcohol intake
were excluded from our cohort, this influence seems to be
negligible in our patients. Second AAR is influenced by body mass
index and sex as well. Both serum AST and ALT increase with
body weight; however, this seems to be more prominent for ALT
rather than AST."* Furthermore, the AAR seems to be higher in
women.2®! Although both possible confounders were included in
our regression analysis, AAR still remained significantly
associated with CLI in our cohort.

Interestingly hypertension was associated with an OR of 0.7
with CLI in our regression analysis. We know that hypertension
is an established risk factor for atherosclerosis; however, in this
analysis it seems to be a protective factor for CLI. Possible
explanations for this finding are the prescription of angiotensin-
converting enzyme (ACE) or angiotensin II inhibitors, which
might lead to a protective effect in PAOD patients.*”! However,
an increase in perfusion in the ischemic limb due to arterial
hypertension might be protective for the development of CLI as
well. In some centers, blood pressure levels in CLI patients are
therefore allowed to be above recommended levels in order to
increase perfusion of the ischemic limb until ulcer healing has
occurred.!?®!

Our study has several drawbacks: first the retrospective study
design. Second we used a single blood sample to calculate AAR. It
therefore remains unclear whether this single blood sample
reflects an elevated AAR over time. Third, one main reason for
the close association of AAR with CLI might be the correlation of
AAR with muscle-damage. AST is found (in a significantly higher
concentration than ALT) in the muscle and can be released in case
of muscular training or muscle damage, as is the case in
CLLP73Y In this case, AST is more elevated than ALT and
therefore the AAR is augmented. However, so far creatine kinase
is still the enzyme of choice to evaluate muscular damage, as levels
of creatine kinase in muscle are still higher than the levels of the
AST and ALT.P?

However, we were able to show that AAR >1.67 can be used
to discriminate patients at high risk for CLI from those with a low
CLlI-risk. Especially in combination with renal function, diabetes,
and the age of the patients a discrimination of PAOD patients
with high CLI risk seems possible.

References

[1] Bertomeu V, Morillas P, Gonzalez-Juanatey JR, et al. Prevalence and
prognostic influence of peripheral arterial disease in patients >or=40
years old admitted into hospital following an acute coronary event. Eur |
Vasc Endovasc Surg 2008;36:189-6.

[2] Norgren L, Hiatt WR, Dormandy JA, et al. Inter-Society Consensus for
the Management of Peripheral Arterial Disease (TASC II). ] Vasc Surg
2007;45(suppl):S5-67.

[3] Novo S, Coppola G, Milio G. Critical limb ischemia: definition and
natural history. Curr Drug Targets Cardiovasc Haematol Disord
2004;4:219-5.

[4] Bertele V, Roncaglioni MC, Pangrazzi ], et al. Clinical outcome and its
predictors in 1560 patients with critical leg ischaemia. Chronic Critical
Leg Ischaemia Group. Eur J Vasc Endovasc Surg 1999;18:401.

[5] Lazo M, Clark JM. The epidemiology of nonalcoholic fatty liver disease:
a global perspective. Semin Liver Dis 2008;28:339-50.

[6] Brea A, Puzo J. Non-alcoholic fatty liver disease and cardiovascular risk.
Int J Cardiol 2013;167:1109-7.

[7] Armstrong MJ, Adams LA, Canbay A, et al. Extrahepatic complications
of nonalcoholic fatty liver disease. Hepatology 2014;59:1174-97.

[8] Ratziu V, Cadranel JF, Serfaty L, et al. A survey of patterns of practice
and perception of NAFLD in a large sample of practicing gastro-
enterologists in France. ] Hepatol 2012;57:376-83.

Medicine

[9] Fracanzani AL, Tiraboschi S, Pisano G, et al. Progression of carotid
vascular damage and cardiovascular events in non-alcoholic fatty liver
disease patients compared to the general population during 10 years of
follow-up. Atherosclerosis 2016;246:208-13.

[10] Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis:
summary of an AASLD Single Topic Conference. Hepatology
2003;37:1202-9.

[11] Hirsch AT, Haskal Z], Hertzer NR, et al. ACC/AHA 2005 guidelines for
the management of patients with peripheral arterial disease (lower
extremity, renal, mesenteric, and abdominal aortic): executive summary
a collaborative report from the American Association for Vascular
Surgery/Society for Vascular Surgery, Society for Cardiovascular
Angiography and Interventions, Society for Vascular Medicine and
Biology, Society of Interventional Radiology, and the ACC/AHA Task
Force on Practice Guidelines (Writing Committee to Develop Guidelines
for the Management of Patients With Peripheral Arterial Disease)
endorsed by the American Association of Cardiovascular and Pulmonary
Rehabilitation; National Heart, Lung, and Blood Institute; Society for
Vascular Nursing; TransAtlantic Inter-Society Consensus; and Vascular
Disease Foundation. ] Am Coll Cardiol 2006;47:1239.

[12] Bezan A, Mrsic E, Krieger D, et al. The pre-operative AST/ALT (De-Ritis)
ratio represents a poor prognostic factor in a cohort of non-metastatic
renal cell carcinoma patients. | Urol 2015;194:30-5.

[13] Gary T, Belaj K, Hafner F, et al. A high CHA (2)DS (2)-VASc score is
associated with a high risk for critical limb ischemia in peripheral arterial
occlusive disease patients. Atherosclerosis 2012;225:517-20.

[14] Gary T, Pichler M, Belaj K, et al. Neutrophil-to-lymphocyte ratio and its
association with critical limb ischemia in PAOD patients. PloS One
2013;8:€56745.

[15] Soeki T, Sata M. Inflammatory biomarkers and atherosclerosis. Int Heart
J2016;57:134-9.

[16] Jabre P, Jouven X, Adnet F, et al. Atrial fibrillation and death after
myocardial infarction: a community study. Circulation 2011;123:
2094-100.

[17] Mellinger JL, Pencina KM, Massaro JM, et al. Hepatic steatosis and
cardiovascular disease outcomes: an analysis of the Framingham Heart
Study. ] Hepatol 2015;63:470-6.

[18] Speliotes EK, Yerges-Armstrong LM, Wu ], et al. Genome-wide
association analysis identifies variants associated with nonalcoholic
fatty liver disease that have distinct effects on metabolic traits. PLoS
Genet 2011;7:¢1001324.

[19] Day CP. From fat to inflammation. Gastroenterology 2006;130:207-10.

[20] Shoelson SE, Herrero L, Naaz A. Obesity, inflammation, and insulin
resistance. Gastroenterology 2007;132:2169-80.

[21] Stefan N, Kantartzis K, Haring HU. Causes and metabolic consequences
of fatty liver. Endocr Rev 2008;29:939-60.

[22] Tilg H, Moschen AR. Insulin resistance, inflammation, and non-
alcoholic fatty liver disease. Trends Endocrinol Metab 2008;19:371-9.

[23] Targher G, Chonchol M, Miele L, et al. Nonalcoholic fatty liver disease
as a contributor to hypercoagulation and thrombophilia in the metabolic
syndrome. Semin Thromb Hemost 2009;35:277-87.

[24] Ahmed MH, Barakat S, Almobarak AO. Nonalcoholic fatty liver disease
and cardiovascular disease: has the time come for cardiologists to be
hepatologists? ] Obes 2012;2012:483135.

[25] Siest G, Schiele F, Galteau MM, et al. Aspartate aminotransferase and
alanine aminotransferase activities in plasma: statistical distributions,
individual variations, and reference values. Clin Chem 1975;21:1077-87.

[26] Parise ER, Oliveira AC, Figueiredo-Mendes C, et al. Noninvasive serum
markers in the diagnosis of structural liver damage in chronic hepatitis C
virus infection. Liver Int 2006;26:1095.

[27] Yusuf S, Sleight P, Pogue ], et al. Effects of an angiotensin-converting-
enzyme inhibitor, ramipril, on cardiovascular events in high-risk
patients. The Heart Outcomes Prevention Evaluation Study Investiga-
tors. N Engl ] Med 2000;342:145-3.

[28] Gottsater A. Managing risk factors for atherosclerosis in critical limb
ischaemia. Eur ] Vasc Endovasc Surg 2006;32:478-3.

[29] Pettersson ], Hindorf U, Persson P, et al. Muscular exercise can cause
highly pathological liver function tests in healthy men. Br J Clin
Pharmacol 2008;65:253-9.

[30] Hakkinen K, Alen M. Training volume, androgen use and serum creatine
kinase activity. Br J Sports Med 1989;23:188-9.

[31] Koutedakis Y, Raafat A, Sharp NC, et al. Serum enzyme activities in
individuals with different levels of physical fitness. ]| Sports Med Phys
Fitness 1993;33:252-7.

[32] Garcin-Webb P, Bhagat CS, Beilby JP. Plasma creatine kinase/aspartate
aminotransferase ratio in the diagnosis of acute myocardial infarction.

Clin Chem 1985;31:498.



