
ORIGINAL ARTICLE

Journal  of  the College of  Physicians and Surgeons Pakistan 2022,  Vol.  32(02):171-176 171

Is AST/ALT Ratio a Predictor of In-hospital Mortality in
Pulmonary Embolism Patients?

Muhammed Necati Murat Aksoy1, Fahrettin Turna1, Irfan Sahin2 and Suret Agac3

1Department of Cardiology, Faculty of Medicine, Sakarya University, Sakarya, Turkey
2Department of Cardiology, Istanbul Bagcilar Research and Education Hospital, Istanbul, Turkey

3Department of Biochemistry, Sakarya University Research and Education Hospital, Sakarya, Turkey

ABSTRACT
Objective: To document the association between serum transaminases and in-hospital mortality in pulmonary embolism (PE)
patients.
Study Design: Analytical study.
Place and Duration of Study: Patients treated with acute PE in hospital between January 2011 and December 2019 from
Sakarya University Medical School Research and Teaching Hospital, Sakarya, Turkey.
Methodology:  Patients  with  PE  were  included.  Receiver  operating  characteristics  (ROC)  analysis  was  conducted  to  define  a
cut-off value for AST/ALT ratio to predict in-hospital death. Simplified pulmonary embolism severity index (sPESI) scores were
calculated and the AST/ALT ratio were entered into binary logistic regression analysis with components of sPESI score to docu-
ment the prognostic significance of as an independent predictor of in-hospital mortality.
Results: 164 acute PE patients were included; of those, 33 (20%) died in hospital. Deceased patients had higher AST/ALT ratio
(median, 1.4; 25th-75th percentile, 1.1-1.8) comparing to patients with discharged home (median, 1.1; 25th-75th percentile, 0.84-1.4)
(p=0.006). ROC analysis showed that AST/ALT ratio was an indicator of in-hospital mortality, and the calculated area under the
curve was 0.655 (95% CI, 0.547-0.764). The cut-off value of 1.3 was associated with a prognostic sensitivity of 61% and specificity
of 65%. Binary logistic regression analysis failed to show AST/ALT ratio as an independent predictor of in-hospital mortality.
Conclusion: AST/ALT ratio predicts in-hospital mortality with acceptable sensitivity and specificity in patients with acute PE and
might be used as a biomarker for risk stratification.
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INTRODUCTION
Pulmonary embolism (PE) is the third most frequent acute cardio-
vascular  disease  (CVD)  along  with  myocardial  infarction  and
stroke.1 Determining the severity of the clinical situation is of
paramount importance and guides physicians in administering
life-saving treatments. The primary pathophysiological basis of
the clinical picture in severe PE is right ventricular (RV) pressure
overload, which leads to acute RV failure and subsequent circula-
tory  collapse  and  cardiogenic  shock.  Therefore,  low  systolic
blood pressure at the time of diagnosis is the key predictor of
severe outcomes, including early mortality in the course of the
disease.2 Furthermore, rising levels of serum myocardial injury
biomarkers seem to be related to worse early outcomes.3,4
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In the absence of arterial hypotension, serum biomarker assess-
ment of RV overload and dysfunction, including B-type natri-
uretic peptide (BNP) and N-terminal (NT)-proBNP, may also help
in risk stratification for early adverse events.5 Accordingly, esti-
mation of early mortality risk is generally based on the echocar-
diographic  assessment  of  RV  size  and  function,  laboratory
biomarkers such as troponin and natriuretic peptide levels,3,6-8

and the patient's hemodynamic profile at the time of presenta-
tion. On the other hand, pulmonary embolism severity index
(PESI) and simplified PESI (sPESI) scoring systems are currently
being used to identify high risk patients in terms of early clinical
adverse events and mortality.9,10 Both of these scoring systems
are helpful to identify low risk PE patients with an acceptable
negative predictive value.

According  to  the  aforementioned  clinical  and  laboratory
findings, treatment of PE relies on prognostic clinical classifica-
tion schemes and early mortality risk proposed by various guide-
lines. Classifying a patient in the high-risk category for early
adverse events leads to aggressive treatment strategies such
as thrombolytic infusions to restore pulmonary arterial blood
flow. In this regard, it was hypothesised that serum biomarkers
of liver function, aspartate aminotransferase (AST), and alanine
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aminotransferase (ALT) in particular might help clinicians in
further risk stratification as pulmonary embolism and subse-
quent acute right heart failure leads to alterations in liver func-
tion tests.11

This aim of this study was to investigate whether the pattern of
liver enzyme elevations presented as AST/ALT ratio is associ-
ated with early mortality risk or not in PE patients.

METHODOLOGY

This study was approved by the Ethics Committee of Sakarya
University  School  of  Medicine,  Istanbul,  Turkey  and  was
conducted in Sakarya University Medical School Research and
Teaching Hospital.  Databases from both hospitals, including
patients  treated  with  the  primary  diagnosis  of  PE  between
2011-2019, were reviewed. Detection of thrombus in pulmo-
nary  arterial  bed  with  contrast-enhanced  computed  tomog-
raphy was mandatory to be included in the study. Of those 635
patients treated with PE diagnosis, 164 patients were included
in this retrospective analysis. Patients who were asymptomatic
and diagnosed with PE during testing for another primary diag-
nose, patients without AST or ALT levels recordings on admis-
sion, and patients with known acute or chronic hepatic diseases
were excluded. Patients with a current or recent history of drug
usage, which alters serum transaminase levels and affects liver
functions, were also excluded.

Echocardiographic parameters, which were obtained in the first
24 hours after  the presentation,  were noted.  Hemodynamic
parameters (blood pressure, pulse rate) were recorded from
patients' first contact reports from the Emergency Department
or elsewhere. Laboratory data, including AST/ALT, creatine, D-
dimer, and troponin levels, were obtained from their first record-
ings of the admitted ward. sPESI scores were calculated from
patients’ history and hemodynamic recordings. Patients' demo-
graphic data and medical history were acquired from patients
themselves or their first-degree relatives if the patient's clinical
condition did not allow for appropriate verbal contact.

All  patients  received  either  intravenous  heparin  infusion  or
subcutaneous low molecular weight heparin as first line therapy
adjusted according to  their  activated partial  thromboplastin
time or weight. The attending physician decided on intravenous
thrombolytic  administration  according  to  the  latest  clinical
guidelines and patients' clinical situation. The primary endpoint
was death from any cause during follow-up in the hospital. This
protocol was approved by local Ethics Committees of partici-
pating sites.

One sample Kolmogorov-Smirnov test was used to assess the
normality  of  distribution  for  continuous  variables.  Data  are
expressed  as  mean  ±  standard  deviation  (SD)  for  normally
distributed continuous variables, as median and interquartile
ranges  for  skew-distributed  continuous  variables,  and  as
frequencies  for  categorical  variables.  Patients  were  dicho-
tomised according to the major clinical endpoint of death. The
means  for  normally  distributed  continuous  variables  were

compared  by  independent-samples  t-test.  Skew-distributed
continuous variables were compared, using a Mann–Whitney U-
test.  The  prognostic  significance  of  the  AST/ALT  ratio  was
assessed with binary logistic regression analysis. Correlation
between AST/ALT ratio and sPESI score was analysed with Spear-
man’s correlation analysis. Troponin T level and AST/ALT ratio
were entered to logistic regression model along with classical
prognostic parameters of simplified PESI score, such as age >80
years,  history  of  cancer,  chronic  cardiopulmonary  disease,
pulse  rate  ≥110  beats/min,  systolic  blood  pressure  <  100
mmHg and arterial oxyhemoglobin saturation <90%. ROC anal-
ysis was performed to define a cut-off value for AST/ALT ratio to
predict death with appropriate sensitivity and specificity. A two-
sided p-value <0.05 was considered statistically  significant.
Statistical analyses were performed with the SPSS software (ver-
sion 15.0 for Windows; SPSS Inc., Chicago, IL, USA).

RESULTS

The  baseline  characteristics  of  164  study  patients  are
summarised in Table I. The mean age of all patients was 64 ± 16
years; and of those, 75 were males (46%). Patients who died in
the  hospital  were  significantly  older  than  patients  who
survived; and were safely discharged (74 ± 13 vs. 62 ± 16, p
<0.001). History of cancer was found in 19 of all patients in the
study,  which  was  significantly  more  frequent  in  deceased
patients (n = 12 vs. 7, p<0.001). There was no other statisti-
cally significant difference between groups in terms of demo-
graphic data. All  patients had contrast-enhanced computed
tomography showing the level of thrombus in their pulmonary
arterial bed (main, lobar, segmental, or subsegmental). The
location of the thrombus was not related to death in the analysis
of each segment. Overall, 33 (20%) patients were recorded as
deceased in-hospital in the study cohort. Patients with primary
outcome had higher troponin levels in comparison with those
who  were  alive  at  the  time  of  discharge  from  the  hospital
(0.034/0.165/0.321  vs.  0.006/0.032/0.171,  25th/50th/75th

percentiles, p=0.007). Patients who died in hospital were more
likely  to  present  with  lower  systolic  blood pressures  with  a
median  value  of  108  mm  Hg  vs.  112  mmHg,  respectively
(25th-75th  percentiles,  90-111  mmHg  vs.  107-130  mm  Hg,
respectively, p<0.001, Table I). RV diameter to left ventricle
(LV) diameter ratio was higher in patients who were dead, but
this did not reach statistical significance (0.96 ± 0.22 vs. 0.91
± 0.19, p=0.2).

AST/ALT ratio was higher in patients who were dead in hospital
(median,  1.4;  25th-75th  percentile,  1.1-1.8)  comparing  to
patients  who were discharged home (median,  1.1;  25th-75th

percentile, 0.84-1.4) (p=0.006, Table I). There was a positive
correlation between AST/ALT ratio and sPESI score (r=0.287,
p=0.005). The receiver operating characteristics curve further
revealed  that  AST/ALT  ratio  was  an  indicator  of  in-hospital
mortality in patients with acute PE. The calculated area under
the curve was 0.655 for AST/ALT ratio (95% CI, 0.547-0.764)
(Figure 1).
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Table I: Baseline demographics, laboratory markers and vital measurements of the study group; and their relationship with in-hospital
mortality.

 All study Group
(N=164)

Deceased
(N=33)

Discharged
(N=131) P

Age (years)
Mean (SD) 64(16) 74(13) 62(16) <0.001b

Sex(M/F) 74/90 14/19 60/71 0.7b

BMIa, kg/m2 28(25-31) 28(24-31) 28(25-30) 0.8c

DM, n (%) 44(27) 11(33) 33(20) 0.5b

HT, n (%) 71 (43) 12(36) 59(36) 0.2b

Renal Failure, n (%) 10(6) 2(6) 8(6) 1b

CAD, n (%) 18(10) 2(6) 16(12) 0.4b

Heart Failure, n (%) 19(11) 4(12) 15(11) 1b

History of Cancer, n (%) 19(11) 12(36) 7(5) <0.001b

COPD, n (%) 21(12) 3(9) 18(10) 0.6b

History of immobilisation, n
(%) 51(31) 16(48) 35(26) 0.06b

 All patients
(n=164)

Deceased
(n=33)

Discharged
(n=131) p

Troponina (ng/mL) 0.052(0.006-0.211) 0.165(0.034-0.3219 0.032(0.006-0.171) 0.007b

SaO2<90%, n (%) 37(22%) 11(33%) 26(19%) 0.04c

Heart rate (bpm) mean (SD) 93(21) 100(27) 91(18) 0.02d

SBPa (mmHg) 110(100-120) 108(90-111) 112(107-130) 0.001b

DBPa (mmHg) 70(60-80) 60(60-70) 70(63-80) <0.001b

AST/ALT ratioa 1.2(0.9-1.5) 1.4(1.1-1.8) 1.1(0.8-1.4) 0.006b

D-dimera (mg/L) 4502(2350-8000) 4113(2605-9900) 4601(2350-8000) 0.9b

PESI scorea 1(0-2) 2(1-2.25) 1(0-2) <0.001b

a Skew distributed variables are expressed as median (Interquartile range). Abbreviations: BMI: Body mass index; CAD: Coronary artery disease; COPD: Chronic.
obstructive pulmonary disease; DM: Diabetes mellitus; HT: Hypertension. b Chi-square test. c Mann-Whitney U-test. a Skew distributed variables are expressed as
median (Interquartile range). Abbreviations: SBP: Systolic blood pressure; DBP: Diastolic blood pressure; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase. b Mann-Whitney U-test. c Chi-square test. d Independent samples t-test.

Table II:  Binary logistics regression analysis showing independent
predictors of in-hospital mortality.

 OR 95% CI p
Troponin 1.46 0.84-2.53 0.17
History of cancer 30.28 5.56-164.84 <0.001
Age >80 81.11 1.52-43.08 0.014
SBP <100mm Hg 2.60 0.55-12.16 0.22
HR >100 4.37 1.15-16.56 0.03
AST/ALT ratio 1.12 0.40-3.11 0.82
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HR: Heart
rate; SBP: Systolic blood pressure.

The  cut-off  value  of  1.3  was  associated  with  a  prognostic
sensitivity  of  61%  and  specificity  of  65%.  Binary  logistic
regression analysis, including troponin and AST/ALT values,
revealed that neither of these variables was independently
associated  with  hospital  all-cause  mortality  in  our  study
group (Table II). Age >80, heart rate >110/min, and history
of  cancer  were independent  predictors  of  in-hospital  all--
cause mortality (OR, 8.11[1.52 - 43.08], 4.37[1.15 - 16.56]
and 30.28[5.56 - 164.84], respectively).

DISCUSSION

The main findings from the study can be briefly outlined as
AST/ALT ratio being an indicator of in-hospital mortality in PE
patients  with  a  cut-off  value  of  1.3.  AST/ALT  ratio  and

troponin  levels  were  not  found  to  be  an  independent
predictor  of  all-cause  in-hospital  mortality  according  to
binary logistic regression analysis.

AST/ALT ratio and transaminase levels have recently been
studied as a prognostic marker in acute myocardial infarc-
tion, and it was found to be strongly associated with long-
term mortality and an independent predictor of cardiovas-
cular mortality.12Another study from Gao et al. investigated
the  prognostic  significance  of  the  AST/ALT  ratio  in  a  retro-
spective cohort  of  421 acute ischemic stroke patients.  It
revealed  that  a  cut-off  level  of  1.53  for  AST/ALT  ratio  was
associated with poor outcome at three months with 29.5%
sensitivity  and  85.3%  specificity.13  These  findings  from
previous  trials  are  consistent  with  our  findings  that  the
AST/ALT ratio is an indicator of poor prognosis in acute PE.

Another interesting study evaluated the predictive property
of  AST/ALT  values  to  determine  the  risk  of  atrial  fibrillation
(AF) in a particular population of celiac disease patients.14 In
this  study,  patients  were  divided  into  two  groups  as  fibro-
sis-prone and non-fibrosis prone, according to AST/ALT ratio,
which is used as a marker for liver fibrosis in celiac disease.
Fibrosis-prone patients seem to be at high risk of developing
AF  using  some surrogate  electrophysiological  markers  of
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atrial  fibrosis  and  AF.  As  a  marker  of  fibrosis  in  the  liver,
AST/ALT ratio  is  not  directly  linked to  atrial  fibrosis  and AF,
so in this study, it is not clear whether it is just showing the
risk  of  systemic  inflammation  and  fibrosis  in  this  specific
patient  group.  A  meta-analysis  of  prospective  studies
assessing  liver  enzymes  AST,  ALT,  alkaline  phosphatase
(ALP), and gamma-glutamyl transferase (GGT) as predictors
of CVD used a combined endpoint of CVD, stroke, and cardio-
vascular death.15 This meta-analysis has reported that ALP
and GGT but not AST or ALT are positively and indepen-
dently associated with cardiovascular risk. AST/ALT ratio was
not included in this analysis.

Figure 1: Receiver operating characteristics curve showing the prog-
nostic  sensitivity  and  specificity  of  AST/ALT  ratio  with  regard  to  in-
hospital mortality.

Poelzl et al. reported in their study that in the case of acute
heart failure, serum transaminases rise predominantly in the
serum, whereas chronic heart failure is mainly related to the
elevation  of  cholestatic  enzymes.16  Van  Deursen  et  al.
studied the relationship between right heart catheterisation
findings  and  liver  function  tests  in  323  heart  failure
patients.17  When  they  stratified  their  patients  according  to
their cardiac index (CI) and central venous pressure (CVP),
they revealed that high CVP was related to elevation of most
of  the liver function tests,  including alkaline phosphatase
and  bilirubin  levels  but  only  rise  of  AST,  ALT  and  total
bilirubin  levels  were associated with  reduced CI.  Both of
these studies revealed that serum transaminase levels tend
to  increase  specifically  in  acute  heart  failure  clinics  with
reduced  cardiac  output.

A longitudinal cohort study from Yokoyoma et al.  prospec-
tively  investigated  the  relationship  between AST/ALT  ratio
and mortality from CVD in 3,494 Japanese subjects, which

they have followed for ten years.18 In that study, the AST/ALT
ratio  was  an  independent  predictor  of  all-cause  and  CV
mortality  but  not  noncardiovascular  mortality.  When  they
divided their patient group into high and low AST/ALT ratio
categories,  there  was  a  significantly  higher  number  of
patients with a history of CVD in the high AST/ALT ratio group
than  the  low  AST/ALT  ratio  group.  There  was  no  significant
difference  in  the  history  of  CVD  in  patients  cohort  between
patients  who  were  deceased  in  hospital  and  discharged
patients. A retrospective cohort analysis on peritoneal dialysis
patients similarly revealed that baseline high AST/ALT ratio in
these patients is  associated with increased CV mortality.19

These studies document the long-term predictive value of the
AST/ALT ratio for CV mortality.

In PE, an acute increase in PAP will directly lead to elevated
hepatic  venous  pressure  and  a  decrease  in  porto-hepatic
venous  gradient  and  blood  flow.  On  the  other  hand,  accom-
panying fall in CO will decrease hepatic artery blood flow and
decrease the global blood supply of the liver. These acute
changes in local hemodynamics will lead to zone 3 necrosis in
the  liver,  where  AST  exists  in  higher  concentrations  than
zones 1 and 2.20 Even in hemodynamically stable PE patients,
reduced CO may lead to zone 3 ischemia in the liver and a
rise in serum transaminase levels  with the mechanism as
mentioned earlier. This association between reduction of CO
and concomitant hypoperfusion of liver in PE might explain
our  study  findings  and  linear  relationship  between  rising
AST/ALT ratio  levels  and early  poor  outcome.  Accordingly,
Kostrubiec  et  al.  studied  glomerular  filtration  rate  (GFR)  in
acute PE patients as the decrease in CO directly leads to a
decrease  in  renal  perfusion  and  affects  GFR  levels.21  They
concluded  that  in  initially  normotensive  PE  patients,  a
GFR<35mL/min predicts 30-day mortality.

Moreover, AST is also a myocardial enzyme, and in myocar-
dial cell death, the AST level is expected to rise in serum. It
used to be part of a routine blood chemistry investigation in
myocardial  infarction  patients  before  troponin  and  CK-MB
era.22 Therefore, both myocardial and hepatic ischemia during
the course of PE might explain the relationship of increased
AST/ALT ratio with in-hospital mortality in our study.  As far as
the  authors  know,  this  is  the  first  study  in  the  literature
assessing  the  prognostic  significance of  the  AST/ALT ratio  in
PE patients.

This study is a retrospective analysis in a small patient group.
The relatively low number of patients included in our study
might have affected the ROC analysis and regression analysis
results for the AST/ALT ratio. Troponin, a well-described prog-
nostic marker of early death in PE patients, was not an inde-
pendent predictor of in-hospital death in the study either. On
the other hand, there was a positive correlation between the
sPESI scores and the AST/ALT ratio values of patients.  These
findings might point out the need for prospective studies with
more patients to reach a definite conclusion on the prognostic
significance of AST/ALT ratio as an independent predictor.
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CONCLUSION

AST/ALT  ratio  with  a  cut-off  value  of  1.3,  measured  at  the
time of diagnosis in PE patients, might predict in-hospital
death with acceptable sensitivity and specificity. This finding
might contribute to physicians for risk stratification in acute
PE patients in the emergency settings.
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