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Abstract 
 
Background 
Despite high rates of cardiovascular disease in Scotland, the prevalence and outcomes of 
patients with cardiogenic shock are unknown. 
 
Methods 
We undertook a prospective observational cohort study of consecutive patients with 
cardiogenic shock admitted to the intensive care unit (ICU) or coronary care unit at 13 
hospitals in Scotland for a six-month period. Denominator data from the Scottish Intensive 
Care Society Audit Group were used to estimate ICU prevalence; data for coronary care units 
were unavailable. We undertook multivariable logistic regression to identify factors 
associated with in-hospital mortality. 
 
Results 
In total, 247 patients with cardiogenic shock were included. After exclusion of coronary care 
unit admissions, this comprised 3.0% of all ICU admissions during the study period (95% 
confidence interval [CI] 2.6 to 3.5%). Aetiology was acute myocardial infarction (AMI) in 48%. 
The commonest vasoactive treatment was noradrenaline (56%) followed by adrenaline (46%) 
and dobutamine (40%). Mechanical circulatory support was used in 30%. Overall in-hospital 
mortality was 55%. After multivariable logistic regression, age (odds ratio [OR] 1.04, 95% CI 
1.02 to 1.06), admission lactate (OR 1.10, 95% CI 1.05 to 1.19), Society for Cardiovascular 
Angiographic Intervention stage D or E at presentation (OR 2.16, 95% CI 1.10 to 4.29), and use 
of adrenaline (OR 2.73, 95% CI 1.40 to 5.40) were associated with mortality. 
 
Conclusions 
In Scotland the prevalence of cardiogenic shock was 3% of all ICU admissions; more than half 
died prior to discharge. There was significant variation in treatment approaches, particularly 
with respect to vasoactive support strategy.  
 
 
 



 

 

Introduction 
 
Cardiogenic shock represents a severe presentation of cardiovascular disease, where 
decreased cardiac output results in reduced end-organ perfusion and ultimately multi-organ 
failure 1. Mortality is high, with cohort studies from the United States, Australia and Europe 
reporting in-hospital death rates of 35 to 50% 2–6. In the United States studies suggest the 
prevalence of CS has increased over the last two decades, particularly in the group with 
aetiologies other than acute myocardial infarction as compared to acute myocardial 
infarction-related shock 7. In the United Kingdom, data from registries suggest cardiogenic 
shock complicates up to 13% of ST-segment elevation myocardial infarctions 8.  
 
As in other acute conditions with high mortality, a relationship  between larger centre case 
volume and better outcomes has been suggested in cardiogenic shock 9 109 10. Some have 
advocated for hub-and-spoke networks to coordinate care and provide specialist input, 
including the delivery of mechanical circulatory support 11 1211 12. The  joint British 
Cardiovascular Society—Intensive Care Society guideline statement in 2022 called for the 
development of such networks of care to improve outcomes of patients with cardiogenic 
shock 13. In Scotland, despite cardiovascular disease being the leading cause of premature 
death 14, 14 no formal shock networks exist. The lack of epidemiological data on prevalence of 
cardiogenic shock and outcomes is an obstacle to potential improvements in pathways of 
care. 
 
We aimed to describe the prevalence, management and outcomes of patients presenting to 
critical care with cardiogenic shock in Scotland, and to identify factors associated with in-
hospital mortality. 
 
Methods 
 
Study design, setting and participants 
 
We conducted a prospective observational cohort study of all patients with cardiogenic shock 
admitted to an acute care hospital (the EPOCHS (EPidemiology Of Cardiogenic sHock in 
Scotland) study). Throughout, we followed the STROBE guidelines for the reporting of 
observational studies 15. A pilot exercise was conducted at seven sites during the month of 
July 2022, with full data collection undertaken between 1st November 2022 and 30th April 
2023 across thirteen acute care hospitals in Scotland, comprising three university hospitals 
with on-site primary percutaneous coronary intervention (PPCI) and cardiac surgery services, 
two PPCI centres without co-located cardiac surgical services, two university hospitals 
without interventional cardiac services and six district general hospitals. 
 
All patients admitted to either an intensive care (ICU) or coronary care unit (CCU) were 
screened for inclusion. Inclusion criteria were all of: 1) adult patients (age ≥16) receiving 
critical care at Level 2 (high dependency) or above as defined by the UK Intensive Care 
Society16, regardless of physical location in the hospital; 2) a clinical diagnosis of cardiogenic 
shock; 3) hypotension, defined as systolic blood pressure (SBP) < 90 mmHg for ≥ 30 minutes 
or need for pharmacological or mechanical support to maintain SBP ≥ 90mmHg; and 4) clinical 
or biochemical evidence of hypoperfusion, defined as at least one of: a) serum lactate > 



 

 

2mmol.L-1; b) rise in serum creatinine ≥ 2 times baseline or urine output ≤ 0.5 mL.kg-1.h-1; c) 
new serum alanine transaminase (ALT) > 160 IU.L-1; d) cold or mottled extremities; e) new 
altered mental status without alternative cause. 
 
Patients were excluded if shock arose following cardiac surgery, if there was an alternative 
cause for shock (e.g. sepsis, haemorrhage), or if the ceiling of treatment was ward-level and 
therefore invasive therapies were deemed inappropriate. Patients admitted following out-of-
hospital cardiac arrest (OHCA) were included only if they met the above criteria, the cause of 
cardiac arrest was a cardiac condition (e.g. myocardial infarction, overdose of cardiotoxic 
drugs, ventricular arrhythmia) and there was significant evidence that the cause of shock was 
primarily cardiogenic (e.g. echocardiographic evidence of reduced cardiac output). 
 
Data extraction 
 
In accordance with the NHS Health Research Authority / UK Medical Research Council 
research ethics framework, ethical approval was not required for this service evaluation that 
use deidentified data available from the patient record (IRAS Project ID #317909). Specific 
approval was obtained for the collection of data at each hospital from the local Caldicott 
Guardian.  
 
Data were extracted from paper or electronic record systems dependent on the infrastructure 
of each participating site and uploaded by investigators to a secure data storage system 
(REDCap, Vanderbilt University, Nashville, TN) hosted by the Surgical Informatics Group, 
Usher Institute, University of Edinburgh. Where patients were transferred between multiple 
hospitals participating in the study, physiological data from the index presentation was used 
along with outcome data from the final hospital site in their admission. 
 
Data on patient demographics, comorbidities (coronary artery disease, hypertension, 
diabetes, heart failure, chronic kidney disease, severe chronic lung disease [defined as >1 
hospital admission/year or long-term oxygen therapy], adult congenital heart disease, and 
pregnancy), the Rockwood clinical frailty score (as adjudged by the admitting clinician), 
aetiology of cardiogenic shock, admission location, and prior cardiac arrest (defined as 
cardiopulmonary resuscitation (CPR) or defibrillation prior to unit admission) were recorded. 
Serum lactate and pH were taken from the sample performed closest to unit admission. 
Society for Cardiovascular Angiographic Intervention (SCAI) grade for cardiogenic shock was 
assessed by the reporting clinician at the point of presentation to critical care17. 
 
In order to estimate the prevalence of cardiogenic shock as a proportion of all critical care 
admissions, the denominator was derived from data from the Scottish Intensive Care Society 
Audit Group (SICSAG) 18. Admissions to coronary care units were excluded from this analysis, 
as these units are not included in the SICSAG database.  
 
Outcomes collected included in-hospital mortality, length of stay in the ICU, and the use of 
mechanical cardiac support.  
 
 
 



 

 

Statistical analysis 
 
Continuous data are presented as median (interquartile range, [IQR]) and compared with 
Mann-Whitney or Kruskal-Wallis test as appropriate; categorical data are presented as n (%) 
and compared with chi-squared test. The annual prevalence of cardiogenic shock in ICUs was 
estimated by doubling the number of admissions during the six-month study period and 
dividing by the number of admissions in each ICU over the previous calendar year. 
 
Multivariable logistic regression was used to identify associations with survival. Factors 
known to be associated with the primary outcome were selected a priori for inclusion in the 
base model. These included age, sex, out-of-hospital cardiac arrest, and serum lactate at 
presentation. In addition, backward stepwise regression was performed to identify other 
factors associated with the primary outcome to create two further models. The first model 
included non-modifiable factors already present at presentation. The second model included 
additional modifiable factors, such as treatment in the ICU.  
 
All other variables were entered into the multivariable regression model if they were 
associated with outcome on the univariable analysis (p <0.10). Variables were assessed for 
co-linearity using visual inspection of correlation plots and the Pearson’s correlation 
coefficient, and removed from the model if significant co-linearity existed.  
 
All statistical analysis was conducted using R version 4.2.2 (R Foundation for Statistical 
Computing, Vienna, Austria), and code is available on request to the corresponding author. 
 
Results 
 
Patient characteristics 
 
After exclusion of 5 patients who were entered in the study database twice as they were 
treated in two different hospitals during the same presentation, a total of 247 patients from 
13 sites were included. This comprised 40 patients from the pilot phase (July 2022) and 207 
patients from the main study period (November 2022 to April 2023 inclusive). 
 
The median age of patients with cardiogenic shock was 65 [IQR, 55–72] years, 60% were male, 
and the median BMI was 26.1 [24.0–30.0] (Table 1). The majority of patients (60%) had a 
Rockwood clinical frailty score of 1–3 (very fit to managing well); a quarter (23%) had a score 
of 4–5 (vulnerable to mildly frail) and 16% had a score 6–9 (moderately frail or worse). The 
commonest comorbidity was hypertension (39%) followed by coronary artery disease (26%), 
diabetes mellitus (25%) and heart failure (21%). 
 
The aetiology of cardiogenic shock was acute myocardial infarction in 48% of patients, acute 
heart failure due to decompensation in those with known cardiomyopathy (17%), primary 
arrythmia (6%), poisoning, acute heart failure due to a de novo presentation of 
cardiomyopathy, and valvular pathology (all 5%) and pulmonary embolism (4%). Less 
common causes included stress cardiomyopathy, hypothermia, myocarditis, and thyroid 
storm (Table 1). 
 



 

 

At unit admission, median initial lactate was 5.8 mmol.L-1 and median pH 7.21; forty-two 
patients (17%) were Society of Cardiovascular Intervention (SCAI) class B; 48% class C; 30% 
class D and 5% class E. Four in ten patients (41%) had a cardiac arrest prior to unit admission, 
of whom 75% had an out-of-hospital cardiac arrest and 25% an in-hospital cardiac arrest. 
Median duration of cardiac arrest was 24 [10–40] minutes.  
 
Investigations and treatment 
 
Echocardiography was performed within 48 hours of unit admission in 84% of patients (Table 
2). In those who presented with cardiogenic shock secondary to acute myocardial infarction, 
coronary angiography was performed in 80% (92% of survivors and 69% of non-survivors). 
Approximately three-quarters of patients (76%) received an arterial line (94% of those in 
intensive care and 19% of those in coronary care), 11% a pulmonary artery catheter and 6% 
had another cardiac output monitor. 
 
In total, 89% of patients received at least one vasoactive medication. The most frequently 
utilised was noradrenaline (56%), followed by adrenaline (46%) and dobutamine (40%). 
Regarding the initial vasoactive medication (excluding drugs given during CPR), adrenaline 
(29%) was most frequent, followed by noradrenaline (26%), dobutamine (24%) and 
metaraminol (14%). Invasive mechanical ventilation was used in 58% and renal replacement 
therapy in 16%.  
 
Mechanical circulatory support was used in 30% of patients. Of these, most received an intra-
aortic balloon pump (IABP) alone (84%), with just 5% receiving veno-arterial extracorporeal 
membrane oxygenation (ECMO) alone and 11% veno-arterial ECMO plus an IABP. Whilst no 
patient received a percutaneous ventricular assist device, 3 underwent escalation to a 
surgically-implanted temporary ventricular assist device. In the total cohort, five patients (2%) 
received cardiac transplantation. 
 
 
Mortality and associated factors 
 
Follow-up for in-hospital mortality was available in 98% (243 of 247 patients), of whom 133 
(55%) patients died (Table 3). In those who survived in whom the discharge destination was 
recorded, 79/83 (95%) were discharged to their usual place of residence, with 4/83 (5%) 
discharged to a nursing home or hospice. One patient who was still alive awaiting discharge 
from the unit at >30 days at close of data collection was counted as alive for the purpose of 
mortality analyses. 
 
Non-modifiable risk factors for in-hospital mortality in the univariable analysis included age 
(odds ratio [OR] 1.02 per year, 95% confidence interval [CI] 1.01 to 1.04, p=0.006), clinical 
frailty score of 6 or greater (OR 2.30, 95% CI 1.11 to 5.02, p=0.029), initial lactate (OR per 1 
mmol/L increase 1.14, 95% CI 1.07 to 1.22, p<0.001), initial pH (OR per 0.1 reduction 1.47, 
95% CI 1.24 to 1.76, p=0.004), and SCAI stage D or E on presentation (OR 3.32, 95% CI 1.90 to 
5.95, p<0.001) (Table 3). Aetiology was not significantly associated with outcome (acute 
myocardial infarction vs. other, OR 1.04 (95% CI 0.62 to 1.71, p = 0.89); nor was pre-admission 
cardiac arrest (OR 1.26 (95% CI 0.76 to 2.11), p = 0.37). 



 

 

 
Modifiable risk factors for in-hospital mortality in the univariable analysis included use of 
adrenaline (OR 1.35, 95% CI 1.20 to 1.52, p<0.001), and vasopressin (OR 3.59, 95% CI 1.40 to 
1.1, p=0.013) (Table 3). Coronary angiography was associated with a lower risk of death at 30 
days (OR 0.56, 95% CI 0.34 to 0.94, p=0.03) although only approximately half of (48%) the 
patients had cardiogenic shock as a consequence of acute myocardial infarction. Neither use 
of a pulmonary artery catheter (OR 0.78, 95% CI 0.34–1.78, p = 0.55) nor mechanical 
circulatory support (OR 0.73, 95% CI 0.42–1.27, p = 0.27) were associated with death at 30 
days. 
 
Multivariable regression models are displayed in Table 4. In a model accounting only for non-
modifiable risk factors, with a-priori inclusion of age, pre-admission cardiac arrest, and 
lactate, significant associations with mortality were observed with age (OR 1.04 per year (95% 
CI 1.02 to 1.06, p <0.001), lactate (OR 1.10 per mmol.L-1 (95% CI 1.03 to 1.19, p = 0.010)) and 
SCAI stage D or E at presentation (OR 2.16 (95% CI 1.10 to 4.29, p = 0.009)). When modifiable 
risk factors were added to this model, use of adrenaline (OR 2.73 (95% CI 1.40 to 5.40, p = 
0.001) and vasopressin (OR 4.21 (95% CI 1.39 to 15.1, p = 0.008) retained their association 
with mortality. 
 
 
 
Estimates of prevalence  
 
After excluding patients from the pilot study and those admitted to a coronary care unit, 160 
patients with cardiogenic shock were admitted to an ICU during the 6-month study period. 
Given there were 10,686 admissions to these ICUs during the preceding 12-month period, we 
estimate the annual prevalence of cardiogenic shock presenting to an ICU in Scotland to be 
3.0% (95% CI 2.6% to 3.5%).  Prevalence varied by participating site with a median of 1.8% 
[interquartile range 1.4 to 3.4%] and a range of 0.5% to 6.2% (Supplementary Table 2 and 
Supplementary Figure 1).  Of the five units with the highest prevalence, four (A, E, C and I) 
were primary percutaneous coronary intervention centres, three of which (A, C and I) also 
had cardiac surgical services. The other (K) was a district general hospital without tertiary 
cardiac services. 
  
Three sites (B, F and H) were identified as potential outliers having reported significantly 
fewer patients than those of comparable size and case mix, i.e. district general hospitals 
without pPCI or interventional cardiac services, (3, 1 and 2 patients respectively), likely 
representing under-reporting. Sensitivity analysis with exclusion of these three units resulted 
in an estimated prevalence of 3.5%, median 3.0% [IQR 1.8%–4.5]. 
 



 

 

Table 1: Baseline characteristics associated with mortality in 247 patients with cardiogenic shock 
 
 All patients 

n = 247 
Survivors 
n = 110 

Non-survivors 
n = 133 

Univariable OR p 

Age 65 [55–72] 61 [53–71] 66 [57–74] 1.02 (1.01–1.04) 0.006* 
Sex      

Male 149 (60%) 71 (65%) 77 (58%) 0.72 (0.43–1.21) 0.23 
Female 98 (40%) 39 (35%) 56 (42%) Reference  

Body Mass Index 26.1 [24.0–30.0] 26.4 [24.1–30.0] 26.3 [23.2–29.9] 0.99 (0.95–1.04) 0.82 
Comorbidities      

Coronary artery disease 67 (27%) 31 (28%) 35 (26%) 0.90 (0.52–1.6) 0.74 
Diabetes mellitus 61 (25%) 27 (25%) 34 (26%) 1.01 (0.57–1.83) 0.96 
Hypertension 97 (39%) 40 (36%) 55 (41%) 1.25 (0.75–2.10) 0.40 
Chronic kidney disease 40 (16%) 16 (15%) 24 (18%) 1.25 (0.64–2.52) 0.53 
Chronic respiratory disease 10 (4%) 4 (4%) 6 (5%) 1.22 (0.34–4.89) 0.76 
Congestive cardiac failure 53 (21%) 20 (18%) 33 (25%) 1.44 (0.78–2.72) 0.25 
Adult congenital heart disease 3 (1%) 1 (1%) 2 (2%) 1.61 (0.15–35) 0.69 
Pregnancy 1 (<1%) 1 (1%) 2 (2%) 0.80 (0.03–32) 0.89 

      
Rockwood Clinical Frailty Scale      

1–3 Fit/managing well 149 (60%) 74 (67%) 72 (54%) Reference  
4–5 Vulnerable/mildly frail 58 (23%) 24 (22%) 33 (25%) 1.40 (0.76–2.60) 0.29 
6–9 Moderately frail or worse 40 (16%) 12 (11%) 28 (21%) 2.30 (1.11–5.02) 0.029* 

Admitted from      
Emergency Department 109 (44%) 49 (45%) 57 (43%) Reference  
Ward 37 (15%) 13 (12%) 24 (18%) 1.51 (0.70–3.34) 0.30 
Other Hospital 28 (11%) 14 (13%) 14 (11%) 0.82 (0.35–1.89) 0.63 
Cath lab — primary PCI 69 (28%) 31 (28%) 37 (28%) 1.00 (0.54–1.84) 0.99 
Cath lab — elective 4 (2%) 3 (3%) 1 (1%) 0.27 (0.01–2.20) 0.26 

      
Aetiology of cardiogenic shock      
Acute MI 118 (48%) 52 (47%) 64 (48%) 1.04 (0.62–1.71) 0.89 

STEMI 85 (34%) 39 (35%) 45 (34%)   
NSTEMI 26 (11%) 12 (11%) 13 (10%)   
Mechanical complication of MI 7 (3%) 1 (1%) 6 (5%)   

Other aetiologies 129 (52%) 58 (53%) 69 (52%) Reference  



 

 

Decompensated chronic 
cardiomyopathy 

42 (17%) 16 (15%) 29 (22%)   

Arrhythmia without other cause 15 (6%) 10 (9%) 6 (5%)   
Toxidrome / poisoning 13 (5%) 5 (5%) 8 (6%)   
Acute cardiomyopathy 12 (5%) 6 (5%) 5 (4%)   
Valvular pathology 11 (5%) 4 (4%) 7 (5%)   
Pulmonary embolism 11 (4%) 3 (3%) 8 (6%)   
Pericardial pathology 5 (2%) 4 (4%) 1 (1%)   
Stress cardiomyopathy 4 (2%) 2 (2%) 2 (2%)   
Hypothermia 3 (1%) 3 (3%) 0 (0%)   
Myocarditis  2 (1%) 1 (1%) 1 (1%)   
Thyroid storm 1 (<1%) 0 (0%) 1 (1%)   
Other / unknown 7 (3%) 4 (4%) 1 (1%)   

      
Prior cardiac arrest at any time 102 (41%) 42 (38%) 59 (44%) 1.26 (0.76–2.11) 0.37 

OHCA 76/102 (75%) 28/42 (67%) 47/59 (80%)   
IHCA 26/102 (25%) 14/42 (33%) 12/59 (20%)   
VF/VT 70/102 (69%) 32/42 (76%) 37/59 (6%)   
PEA/asystole 31/102 (30%) 9/42 (21%) 22/59 (37%)   
Low-flow time (min) 24 [10–40] 20 [8–30] 31 [15–45]   

      
Initial lactate (mmol.L-1) 5.8 [3.2–9.1] 4.2 [2.8–7.3] 7.1 [4.7–11.5] 1.14 (1.07–1.22) <0.001* 
Initial pH 7.21 [7.05–7.33 7.29 [7.17–7.35] 7.15 [7.00–7.28] 1.47 (1.24–1.76)§ 0.004* 
SCAI stage at admission      

B 42 (17%) 27 (25%) 14 (11%) Reference  
C 118 (48%) 60 (55%) 55 (41%) 1.74 (0.85–3.67) 0.14 
D 75 (30%) 19 (17%) 56 (42%) 5.31 (2.38–12.3) <0.001 
E 12 (5%) 4 (4%) 8 (6%) 3.60 (0.97–15.4) 0.06 

SCAI stage D or E at admission    3.32 (1.90–5.95) <0.001* 
 
Outcome not known for 4 patients. * = p < 0.05. OR = odds ratio. PCI = percutaneous coronary intervention. MI = myocardial infarction. STEMI = ST-elevation myocardial 
infarction. NSTEMI = Non-ST-elevation myocardial infarction. OHCA = out-of-hospital cardiac arrest. IHCA = in-hospital cardiac arrest. VF = ventricular fibrillation. VT = 
ventricular tachycardia. PEA = pulseless electrical activity. SCAI = Society for Cardiovascular Angiographic Intervention. 

  



 

 

 
Table 2: Management characteristics associated with mortality in 243 patients with CS   
 All patients 

n = 247 
Survivors 
n = 110 

Non-survivors 
n = 133 

Univariable OR P value 

      
Highest level of care      

Coronary care unit 59 (24%) 25 (23%) 32 (24%) Reference  
ICU Level 2 28 (11%) 13 (12%) 14 (11%) 0.85 (0.34–2.11) 0.72 
ICU Level 3 158 (64%) 72 (65%) 85 (64%) 0.88 (0.48–1.60) 0.67 

Echocardiogram within first 48h 207 (84%) 92 (84%) 113 (85%) 1.17 (0.56–2.46) 0.67 
Coronary angiography 109 (44%) 58 (53%) 49 (37%) 0.56 (0.34–0.94) 0.03* 

No intervention 25/109 (23%) 17/58 (29%) 8/49 (16%)   
Intervention — culprit vessel only 69/109 (63%) 34/58 (59%) 33/49 (67%)   
Intervention — multivessel 15/109 (14%) 7/58 (12%) 8/49 (16%)   
      

Haemodynamic monitoring      
Arterial line 188 (76%) 85 (77%) 102 (77%) 0.70 (0.49–1.60) 0.70 
Pulmonary artery catheter 26 (11%) 13 (12%) 13 (10%) 0.78 (0.34–1.78) 0.55 
Waveform analysis CO monitor 13 (5%) 7 (6%) 6 (5%) 0.67 (0.211–2.09) 0.49 
Peripherally inserted thermodilution catheter 3 (1%) 0 (0%) 3 (2%) NA NA 
      
Vasoactive medications 219 (89%) 93 (85%) 124 (93%) 2.09 (0.95–4.81) 0.07 

Adrenaline 113 (46%) 32 (29%) 80 (60%) 1.35 (1.20–1.52) <0.001* 
Noradrenaline 138 (56%) 61 (55%) 77 (58%) 1.03 (0.62–1.71) 0.91 
Dopamine 10 (4%) 4 (4%) 6 (5%) 1.21 (0.34–4.85) 0.77 
Dobutamine 98 (40%) 48 (44%) 49 (37%) 0.74 (0.44–1.24) 0.25 
Vasopressin 25 (10%) 5 (5%) 20 (15%) 3.59 (1.40–11.1) 0.013* 
Milrinone 18 (7%) 8 (7%) 10 (8%) 1.00 (0.38–2.71) 0.99 
Metaraminol 38 (15%) 15 (14%) 23 (17%) 1.28 (0.64–2.63) 0.50 
Enoximone 1 (<1%) 0 (0%) 1 (<1%) NA NA 

      
Invasive mechanical ventilation 143 (58%) 57 (52%) 85 (64%) 1.56 (0.94–2.62) 0.08 
Renal replacement therapy 40 (16%) 14 (13%) 26 (20%) 1.64 (0.82–3.39) 0.17 
      
Mechanical circulatory support 73/247 (30%) 36/110 (33%) 36/133 (27%) 0.73 (0.42–1.27) 0.27 

IABP alone 61/73 (84%) 28/36 (78%) 32/36 (89%)   



 

 

VA-ECMO alone 4/73 (5%) 4/36 (11%) 0/36 (0%)   
VA-ECMO + IABP 8/73 (11%) 4/36 (11%) 4/36 (11%)   
Surgical temporary VAD** 3/73 (4%) 2/36 (6%) 1/36 (3%)   

 
* = p value < 0.05. OR = odds ratio. ICU = Intensive Care Unit. CO = cardiac output. IABP = intra-aortic balloon pump. VA-ECMO = venoarterial extracorporeal 
membrane oxygenation. 
VAD = ventricular assist device. ** Durable VAD inserted as escalation from preceding mechanical circulatory support. 

 
 
 

Table 3: Outcomes for 243 patients with CS  
 
Survival to ultimate hospital discharge 110 (45%) 
Unit outcome:  

Died — despite active treatment 55 (23%) 
Died — withdrawal of active treatment 69 (28%) 
Discharged to ward / repatriated — recovered 103 (42%) 
Discharged to ward / repatriated — palliation 8 (3%) 
Remains on unit (Alive post 30 days) 1 (<1%) 
Transferred to other hospital for specialist treatment 8 (3%) 

Unit length of stay (days) 5 [2—10] 
Hospital outcome:  

Discharged alive — usual place of residence 79 (33%) 
Discharged alive — nursing home / hospice 4 (2%) 
Repatriated to other hospital 26 (11%) 
Died 133 (55%) 

Cardiac transplantation 5 (2%) 
  



 

 

 
 
 

Table 4 : Multivariable logistic regression models 
 

Variable Adjusted OR for in-hospital mortality p 

 
Model 1: Non-modifiable risk factors only 
Age 1.03 (1.01–1.05) 0.001* 
Lactate 1.12 (1.05–1.21) 0.001* 
SCAI stage D or E at presentation 2.85 (1.53–5.44) 0.001* 
Cardiac arrest prior to admission 1.30 (0.71–2.38) 0.39 
   
Model 2:  Including modifiable risk factors 
Age 1.04 (1.02–1.06) <0.001* 
Lactate 1.10 (1.03–1.19) 0.010* 
SCAI stage D or E at presentation 2.16 (1.10–4.29) 0.009* 
Adrenaline use 2.73 (1.40–5.40) 0.001* 
Vasopressin use 4.21 (1.39–15.1) 0.008* 
Cardiac arrest prior to admission 0.96 (0.49–1.86) 0.87 
   
OR = Odds Ratio; SCAI = Society for Cardiac Angiographic Imaging. * = p <0.05 
   

 
 
 
 
 
Discussion 
 
For the first time, this study provides a comprehensive description of the epidemiology of 
patients with cardiogenic shock in Scotland, providing insight on management and outcomes. 
It demonstrates several important findings. The estimated prevalence of cardiogenic shock in 
Scottish ICUs is 3%. This is challenging to benchmark internationally, as comparable cohort 
studies have either not reported a denominator 2–5 or focused exclusively on academic 
medical centres with specialised cardiac intensive care units 6. It may also be an 
underestimate due to under-reporting, a limitation of the study design requiring the 
screening of admissions by site investigators. The presence of aetiologies other than acute 
myocardial infarction in almost half of included patients is comparable to US data, where 
prevalence of cardiogenic shock due to other aetiologies is increasing faster than that due to 
acute myocardial infarction 7. Accordingly, clinicians and researchers should ensure that 
patients with all aetiologies are included in the design of clinical pathways and research 
studies for cardiogenic shock. 
 
The primary outcome of 54% in-hospital mortality in our study is higher than comparable 
contemporary multicentre cohort studies from France (FRENSHOCK study, 26%) 2, the US 
(Cardiac Critical Care Trials Network, 32%) 6, Australia (44%)3 and a large (n = 1000) single 
centre study from Germany (49%)4 . The observed in-hospital mortality of 54% in cardiogenic 
shock secondary to acute myocardial infarction in our study was also slightly higher than that 
of 50% in a multicentre study of the same population from Denmark5.  



 

 

 
The reasons for these differences are likely numerous and may include both under-reporting 
of less severe cases and differences in study design, patient population and treatment 
strategy. It is likely that this study under-reported patients treated in coronary care units with 
a lower severity of shock. That said, the proportion of patients in this study with SCAI grade 
D or E shock (the most severe) was 35% compared to 41% in the only large comparable study 
to report the SCAI grade 4. The FRENSHOCK study, which reported mortality of 26%, included 
fewer patients with preceding cardiac arrest (10% vs 40% in our study) and who received 
invasive ventilation (38% vs 58%), and a greater proportion of patients from coronary care 
units (56% vs 24%), who are likely to be less sick than those admitted from ICU 2.  
 
In addition to differences in study design and potential bias from under-reporting, it is also 
possible that there are differences in the population of patients with cardiogenic shock 
between Scotland and elsewhere contributing to the high observed mortality in this study. 
There are significantly fewer ICU beds per capita in Scotland18 than in Germany, France, or 
the US 19, which may result in a higher threshold for critical care admission and hence a sicker 
patient population. Scotland has a significant burden of cardiovascular risk factors 20 and a 
high prevalence of social deprivation, which is known to influence critical care outcomes21; 
this may also have contributed. Further, the absence of a formalised cardiogenic shock 
network or transfer and escalation pathway in Scotland may result in time delay to treatments 
and worse outcomes. 
 
Our study demonstrated significant variation in the management of cardiogenic shock, 
specifically with regard to use of vasoactive medications and MCS. Adrenaline, noradrenaline 
and dobutamine were used in almost equal proportion as first-line therapy. While this may 
represent individualisation of therapy to patient physiology, varying institutional preferences 
likely also play a role. Coronary angiography was associated with lower mortality in 
univariable regression analysis, but not once severity of shock was included in the model; this 
may suggest that the patients who received coronary angiography were more stable at 
presentation than those who did not. 
 
In our study, adrenaline use was associated with an increased risk of mortality in a 
multivariable model including preceding cardiac arrest and presenting severity of shock 
(lactate and SCAI stage). As in any observational study, unmeasured confounding may explain 
this association, as adrenaline tends to be used in sicker patients. However, adrenaline 
increases myocardial oxygen consumption and is associated with increased biomarkers of 
multi-organ failure in cardiogenic shock 22 23. In the only randomised controlled trial to date 
of adrenaline in CS, adrenaline led to a higher incidence of refractory shock and death 
compared to noradrenaline 24. Current European Society of Cardiology and American Heart 
Association guidelines both recommend noradrenaline as the first-line vasoactive treatment 
in cardiogenic shock 25 26. 
 
In our study MCS use was not associated with survival in univariate analysis, however we have 
not formally adjusted for confounding by indication (i.e. patients receiving MCS in our study 
having a higher probability of death, even if this treatment was beneficial). The overall MCS 
use in our study of 30% is similar to other cohorts, but this largely consisted of IABP with only 
5% of the whole patient cohort receiving ECMO. No patients received a peripheral ventricular 



 

 

assist device (pVAD). There is only one funded transplant and advanced MCS centre in 
Scotland and therefore local institutional preferences and policies are likely to have 
influenced this. Use of ECMO and pVADs is notably higher in contemporary French, German, 
Danish and US cohorts (ECMO 6–20%, pVAD 5-14%) 2 4 6 27 28, although a mortality benefit of 
any specific MCS strategy in CS is yet to be demonstrated. 
 
In summary, this study clearly demonstrates that cardiogenic shock in Scotland has a high 
mortality, and that there is significant variation in treatment. Given over half of included 
patients had shock caused by aetiologies other than acute MI, existing care networks for ST-
elevation MI are likely inadequate for the cardiogenic shock patient. Cardiogenic shock 
networks have been introduced in some centres in the UK 29 and North America 30, and while 
there is no certain evidence of improvement in outcomes, the ability to concentrate 
resources, provide rapid access to clinical expertise and potentially life-saving therapies is 
clearly attractive. Further work is needed to determine the ideal structure of a potential 
cardiogenic shock network in Scotland accounting for geography, distribution of existing 
expertise and access to relevant specialties, and resource. 
 
Limitations 
This study had several limitations. The design of the study was non-systematic and prone to 
identification bias, as it relied on clinicians screening admissions at each participating centre 
and patients are likely to have been missed, especially at centres identified as outliers in terms 
of low reporting. As mentioned above, it is possible that there has been an over-estimate of 
mortality due to under-reporting of patients with less severe shock. 
 
While efforts were made to include as many potentially prognostic factors in modelling, there 
is likely residual confounding from unobserved variables and therefore the conclusions that 
can be drawn from this — and, indeed, any observational research — are naturally limited. 
Follow-up was unavailable in four patients (2%), but this was a small proportion of the overall 
sample and overall follow-up was robust. We did not have the resource to collect any patient-
centred outcomes regarding destination after hospital discharge or quality of life. 
 
Conclusions 
 
CS comprises approximately 3% of admissions to critical care in Scotland and has a hospital 
mortality higher than other contemporary cohorts. Significant variation in pharmacological 
treatment strategy was observed; use of adrenaline was associated with decreased survival 
in multivariable analysis including markers of disease severity. 
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