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Introduction

Cardiac arrest (CA) is the absence of a palpable pulse and has heterogenous causes and 

outcomes. Discussion of CA is commonly divided by the location of the event (in-hospital 

cardiac arrest [IHCA] versus out-of-hospital cardiac arrest [OHCA]) and presentation 

(shockable versus non-shockable).

Management of IHCA and OHCA has some common elements, but important differences 

lay in the causes, typically available resources, and management. This article aims to review 

the epidemiology of IHCA, how the management of IHCA differs from OHCA, and future 

research areas in IHCA management.

Background and Epidemiology

Nearly all of the high-quality data about the epidemiology of IHCA comes from national 

quality improvement registries, including the American Heart Association’s Get With 

the Guidelines – Resuscitation (GWTG-R)1, the Swedish Cardiopulmonary Resuscitation 

Registry (SCRR)2, the Danish in-hospital cardiac arrest registry3, and the United Kingdom 

National Cardiac Arrest Audit (UK-NCCA)4.

In the United States, an estimated 292,000 cases of adult IHCA and 15,200 cases of 

pediatric IHCA occur each year1, with an average adult incidence rate of 10.16 per 1000 

hospital admissions. Over a similar period, there were approximately 347,000 OHCA 

events5, and IHCA makes up about half of all cardiac arrests. There is substantial variation 

in incidence across US hospitals with case-mix adjusted rates of IHCA among Medicare 

beneficiaries ranging from 2.4 to 25.5 per 1000 admissions6. Internationally, observed 

incidence rates vary with a median of 1.5 per 1000 admission [IQR, 1.2–2.2) in the UK-

NCAA4 and 1.7 per 1000 admission in the SCCR7. IHCA is a heterogeneous group of 
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causes and comorbid conditions – a meta-analysis of published observational data identified 

hypoxia as the most frequent cause (26.5%, 95% confidence interval 14.2 – 38.7%) followed 

by acute coronary syndromes, arrhythmias, hypovolemia and infection8. The presenting 

rhythm was unshockable in 69.8% of cases8.

Just as the causes of IHCA are varied, the outcomes vary as well. In an analysis of 2018 data 

from GWTG-R, 25.8% of patients suffering IHCA survived to hospital discharge, and 54.2% 

of events occurred in the ICU, operating room, or emergency department5. Outcomes vary 

by arrest location: IHCA in the cardiac catheterization laboratory or operating room was 

associated with 38.1% and 40.5% survival to hospital discharge respectively9. The duration 

of resuscitation efforts required is also associated with survival – one retrospective cohort 

revealed 62.0% 30-day survival for less than 5 minutes of resuscitative efforts compared 

with 8.1% survival for greater than 20 minutes3. Functional outcomes after IHCA are poorly 

assessed10, although newer data suggest the majority of those who survive to hospital 

discharge likely have a favorable (modified Rankin Scale < 4) outcome11,12.

Prevention

The majority of IHCA is preceded by clinical deterioration13,14, and efforts to prevent IHCA 

have been focused on improving early identification and response to patient deterioration. 

Early warning systems such as NEWS15, MEWS, and eCART16 have been shown to identify 

patients at risk for IHCA. Rapid response teams are groups of clinicians who respond to 

patient deterioration events based on the theory that “failure to rescue” from continued 

deterioration leads to IHCA17. In meta-analysis, rapid response systems have been shown 

to reduce rates of IHCA18; however, the largest randomized clinical trial did not show a 

reduction in rates of IHCA19. In the pediatric intensive care unit, a bundle of interventions 

focused on situational awareness and communication decreased IHCA rates compared to 

hospitals that did not implement the bundle20.

Medications

Current ACLS guidelines make no specific medication modifications for IHCA versus 

OHCA21. However, the evidence committee could not reach a consensus about intra-arrest 

administration of steroids for IHCA while recommending against them for OHCA22. At the 

time the guidelines were written, a single RCT examining a dosing protocol of vasopressin, 

methylprednisone, and epinephrine during IHCA suggested increased rates of ROSC and 

neurologically intact survival23 but three additional studies were in progress. Of the three 

studies, one showed an increased rate of ROSC24, one showed no benefit25, and the third 

continues to recruit (NCT03317197).

Sodium bicarbonate is administered in approximately 50% of adult26 and 60% of pediatric 

IHCA27 events despite the recommendation against routine administration in current ACLS 

guidelines. Metanalysis of OHCA data suggests that administration of sodium bicarbonate 

is associated with decreased rates of sustained ROSC and favorable neurologic outcomes28. 

If is not known if this effect is directly due to sodium bicarbonate or if sodium bicarbonate 

administration is given as salvage therapy during a prolonged cardiac arrest event. A 
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prospective randomized trial of sodium bicarbonate versus placebo is expected to begin 

enrollment in early 2023 (NCT05564130).

Echocardiography

Non-shockable rhythms make up the majority of initial IHCA presentations8, and 85% of 

IHCA events contained PEA29. Point-of-care ultrasound (POCUS) has been proposed as 

a tool for rapidly identifying potentially reversible causes of CA. The REASON trial was 

a non-randomized, prospective study of POCUS that enrolled 793 patients with OHCA 

or IHCA and performed POCUS exam at the beginning and end of ACLS care30. Only 

15% of the patients had IHCA; of those, 34 had an identified pericardial effusion – a 

reversible cause of cardiac arrest. POCUS transthoracic echocardiography during CA has 

been associated with increased duration of CPR interruptions31, and some authors have 

suggested a role for transesophageal echocardiography (TEE) during cardiac arrest32. A 

prospective, randomized trial of TEE during IHCA has been announced but is not yet 

enrolling (NCT04220619).

Mechanical CPR

Mechanical chest compression devices have been studied in three large trials of OHCA 

without a clear outcome benefit33–35. Metanalysis of low-quality data suggests that 

mechanical compression devices in IHCA might improve survival36. Proposed benefits of 

mechanical CPR include fewer staff demands and improved CPR quality. One report of 

rapid implementation during the COVID-19 pandemic noted that more than half of users 

strongly agreed that it reduced the number of personnel in the room, improved CPR quality, 

and led to a more controlled resuscitation experience but transferring the patient into the 

device was a source of difficulty and delay37.

Early Intervention

Original research on coronary care units in the 1970s showed a 20% absolute reduction in 

myocardial infarction mortality primarily due to rapid response to ventricular fibrillation38. 

Wearable automatic defibrillators are approved for sale in the United States but have not 

been shown to reduce out-of-hospital all-cause mortality in patients who are not candidates 

for an implantable defibrillatior39. Zoll Medical performed a small multicenter feasibility 

study of a hospital wearable defibrillator in patients thought to be at high risk for IHCA 

(NCT02122549), but no further studies have been performed.

Cardiac Arrest and Highly Contagious Diseases

In the last decade, questions about the safety of healthcare workers performing cardiac 

resuscitation in patients with highly contagious diseases. The 2013–2016 Ebola epidemic 

in West Africa was associated with the repatriation of patients and secondary infections 

in healthcare workers in the United States and Spain (REF). At the time, there was 

limited to no data on the care of patients with Ebola outside of resource-limited settings; 

however, there was recognition of the challenges posed in providing critical care, including 

cardiopulmonary resuscitation, to these patients40,41.
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More recently, the spread of SARS-CoV-2 (COVID-19) around the globe was associated 

with high mortality rates. The practical implication of providing CPR to these patients, given 

the necessity of donning and doffing PPE, was highly debated. A 2021 systematic review 

of outcomes associated with cardiac resuscitation in hospitalized patients with SARS-CoV2 

demonstrated that while ROSC was achieved in around one-third of the patients, survival to 

hospital discharge was less than 10%42.

There is limited data on healthcare worker safety during CPR on patients with 

contagious diseases. Observational studies of cardiac resuscitation suggest that it is aerosol 

generating43, and case reports from SARS-CoV-1 suggested nosocomial transmission linked 

with CPR44. Two small studies using simulated CPR have demonstrated the limited benefit 

of disposable N95 respirators in potential transmission45. There is some evidence that 

an electrostatic half-mask may provide superior protection from aerosols during cardiac 

resuscitation46, but these masks limit verbal communication.

ECMO – CPR

Venoarterial extracorporeal membrane oxygenation (VA-ECMO) applied to assist 

resuscitation during CPR is referred to as ECPR. The first report of successful ECPR was 

in 1966, demonstrating seven (7) successful resuscitations in eight (8) patients, with one 

(1) surviving neurologically intact to hospital discharge47. Over the past decade, reports of 

performed ECPR to the Extracorporeal Life Support Organization database have expanded 

to 1643 from 83 centers in 2009 to 20,317 from 577 centers in 201948. This increase 

occurred in the absence of randomized trial data showing ECPR benefit49. The best evidence 

of the benefit of this technique in IHCA reported a 34.1% survival to hospital discharge in 

135 patients receiving ECPR after >10 min of unsuccessful CPR50. The same investigators 

used propensity matching to compare ECPR to CPR. Overall survival to discharge with a 

CPC score of 1 or 2 in ECPR patients was 23.7% compared to 10.6% for conventional 

CPR51. A meta-analysis including 195 propensity-matched pairs showed a 13% absolute 

risk difference in functionally intact 30-day survival favoring ECPR52.

Post-Arrest Care: Therapeutic Hypothermia

Current guidelines recommend targeted temperature management (TTM) for all patients 

who are comatose after cardiac arrest regardless of initial rhythm or location arrest21. 

Recommendations for using TTM in IHCA were primarily based on trials of TTM on 

OHCA as, until recently, only one trial of TTM included IHCA patients22. A recent 

large randomized trial of TTM, specifically in survivors of IHCA, showed no benefit53, 

adding to the controversy about the optimal patient, duration, and degree of hypothermia. 

Guidelines recommend delaying prognostication after cardiac arrest for 72 hours until after 

normothermia21; delayed awakening has been reported after cardiac arrest treated with 

TTM54.

Current Research

We identified ten recruiting or upcoming interventional trials, including patients with 

IHCA (Table 1). There remain ample opportunities to improve In-Hospital Cardiac Arrest 

outcomes, necessitating more research.
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Discussion

IHCA remains a common event with poor clinical outcomes. Despite ongoing efforts in 

adult patients, the best available evidence does not show that early warning improves 

survival to hospital discharge. This does not demission the importance of rapid response 

teams, which respond to various clinical conditions to support the local clinical staff. The 

evidence is more positive in the Pediatric ICU population, suggesting that more can be 

learned in the adult population. Given that most of these events in the adult population 

develop from hypoxia leading to PEA arrests, hospitals should focus on delivering high-

quality CPR. Responders should consider common reversible causes of PEA arrest early in 

resuscitation and post-resuscitation care. Identifying patients at higher risk from aspiration 

or other causes of acute hypoxemia might lead to improved patient outcomes; however, as 

noted above, this has not been shown true in randomized controlled trials.

Looking toward the future, there are several areas worth exploring. Our understanding 

of patients with cardiac events will be improved with large datasets involving multiple 

hospitals. The growth of electronic medical records and efforts to standardize datasets from 

these systems will facilitate growth in our understanding of epidemiology and the risk of 

IHCA. Future studies should also consider longer-term outcomes beyond survival to hospital 

discharge and focus on functional status at discharge. This understanding may help the 

bedside clinician discuss the risks and benefits of CPR at the time of admission.

Summary

1. In-Hospitals Cardiac Arrest remains common, with an incidence of 10.6 patients 

per 100 admissions.

2. Survival to hospital discharge for these patients is poor (25.8%), with little 

known about the functional status at discharge or long-term outcomes.

3. The majority of IHCAs are hypoxia-induced and present as non-shockable 

rhythms. Given this, responders should focus on high-quality CPR and 

identifying reversible causes of hypoxia.

4. Despite efforts in the adult population, early warning scores have yet to show 

benefit in reducing IHCA. In pediatric Intensive Care Units, there is evidence 

that a bundle of interprofessional communication can mitigate these events.

5. The roll of POCUS during resuscitation for IHCA is an area of ongoing research.

6. Sodium Bicarbonate is frequently administered in IHCA but has unclear benefits 

and may be harmful.

7. There remains clinical equipoise regarding the use of Steroids in IHCA.

8. Careful application of E-CPR has been associated with positive outcomes; 

however, it should be noted that its application is not universally available.
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Clinics Care Points:

• Around half of cardiac arrest in the United States occurs in the hospital

• Most IHCA is due to deterioration rather than sudden arrythmias

• Most patients with IHCA do not survive to hospital discharge

• Favorable neurologic outcomes are common among those who do survive to 

hospital discharge
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Synopsis:

This article reviews the epidemiology and management of in-hospital cardiac arrest.
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Table 1:

Selected Interventional IHCA Trials from clinicaltrials.gov

Enrolling and Upcoming Interventional IHCA Trials

NCT03902873: The Effect of a Real-time Audiovisual Feedback System on CPR Quality
Target Enrollment: 300, Recruiting Begin: 2018–11-20 End: 2021–11-20
Evaluate the effect of a real-time audiovisual feedback system on CPR quality during in-hospital cardiac arrest.

NCT04009759: Influence of Morphine or Ketamine or Saline Applied During In-hospital Cardiopulmonary Resuscitation on Early Survival
Target Enrollment: 240, Not yet recruiting Begin: 2021–10-01 (Anticipated) End: 2026–01-01
Evaluate the effect of morphine or/and ketamine on survival and neurological outcome in patients with cardiac arrest.

NCT05139849: VAsopressin and STeroids in Addition to Adrenaline in Cardiac Arrest - a Randomized Clinical Trial
Target Enrollment: 1276, Recruiting Begin: 2021–11-17 End: 2027–04-30
This is an investigator initiated randomized, placebo controlled, double blind, superiority, multicenter clinical trial of patients with IHCA who 
are receiving epinephrine randomized to either treatment with vasopressin and steroids or placebo.

NCT04924985: Goal-directed CPR Using Cerebral Oximetry
Target Enrollment: 150, Recruiting Begin: 2022–02-11 End: 2025–07-31
A single-center, randomized controlled pilot trial of adults with IHCA randomized to physiologic feedback CPR with cerebral oxygenation and 
end-tidal carbon dioxide physiological targets or standard CPR.

NCT04220619: RescueTEE for In-hospital Cardiac Arrest (ReTEECA Trial)
Target Enrollment: 250, Not yet recruiting Begin: 2022–03-01 (Anticipated) End: 2024–12-01
Studying the utility and interventional outcomes of rescue transesophageal echocardiography (RescueTEE) to aid in diagnosis, change in 
management, and outcomes during CPR by using a point of care RescueTEE protocol in the evaluation of in-hospital cardiac arrest (IHCA).

NCT05444049: NEURESCUE Device as an Adjunct to In-Hospital Cardiac Arrest (ARISE)
Target Enrollment: 10, Not yet recruiting Begin: 2022–07-31 (Anticipated) End: 2023–03-31
The objective of this study is to investigate the feasibility of an aortic balloon occlusion device designed to improve cerebral blood flow as an 
adjunct to Advanced Cardiac Life Support (ACLS) in adults with cardiac arrest.

NCT05480319: Prospective Deployment of a Cardiac Arrest Response System (EDICARS) in the Emergency Department
Target Enrollment: 2010, Not yet recruiting Begin: 2022–08-01 (Anticipated) End: 2023–07-31
A cluster-randomized trial of using wearable sensors on high-risk patients to prevent ED-based IHCA.

NCT04464603: Impact of a mHealth Supportive Tool on Cardiopulmonary Resuscitation' Situational Awareness
Target Enrollment: 36, Not yet recruiting Begin: 2022–12-01 (Anticipated) End: 2023–05-01
A prospective, single-center, randomized controlled trial in a tertiary pediatric emergency department evaluating the impact of a mHealth 
supportive tool compared to conventional communication methods on situational awareness, leadership, team communication effectiveness and 
performance during standardized, simulation-based, pediatric in-hospital cardiac arrest scenario using a high-fidelity manikin.

NCT05520762: Hospital Airway Resuscitation Trial
Target Enrollment: 1060, Not yet recruiting Begin: 2022–12-31 (Anticipated) End: 2027–02-28
A cluster-randomized, pragmatic trial of advanced airway management with a strategy of first choice supraglottic airway vs. first choice 
endotracheal intubation during in-hospital cardiac arrest.

NCT05564130: Bicarbonate for In-Hospital Cardiac Arrest
Target Enrollment: 778, Not yet recruiting Begin: 2023–02-01 (Anticipated) End: 2026–02-01
An investigator-initiated, multicenter, randomized, placebo-controlled, parallel group, double-blind, superiority trial of sodium bicarbonate 
during adult in-hospital cardiac arrest.
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