


[bookmark: _GoBack]Hemodynamic Instability Following Major Surgery: Early Nursing Assessment and Intervention Outcomes: A systematic Review


Abstract
Background: After performing a major surgery, patients can experience a range of consequences, some of which can be pronounced and contraindicate any additional treatment. Early nursing assessment and Intervention is one of the initial points of contact for evaluating and addressing this complication. This is usually carried out by the nursing staff.
Aim: The aim of this systematic review is to assess and quantify the impact of nursing assessment and intervention in the early detection of hemodynamic instability after significant surgical procedures.
Method: Following the PRISMA 2020 guidelines, a systematic review of pertinent literature published after 2000 within the databases of PubMed, CINAHL, the Cochrane Library, Scopus, and Embase was conducted. The searches were limited to primary studies that focused on adult populations after having undergone a major surgical procedure and that examined nursing assessment/ intervention protocols. Following this dual screening process, ten studies were selected for the final analysis.
Findings: Nursing interventions involve assessments through the use of Early Warning Scores and ongoing assessment and monitoring to improve detection and escalation. Nurse-led interventions can include the use of hemodynamic devices (and other nursing protocols). This has promoted hemodynamic stability in patients, decreased length of hospital stays, and decreased complications without an increase in adverse outcomes. Qualitative data showed that nurses were encouraged to use their clinical judgement. Overall, coaching and mentoring were given to the nurses and the results were positive and less ICU utilization was reported with the appropriate management of ICU bed availability. Overall, the use of monitoring devices was a welcomed improvement and reduced the incidence of alarm fatigue.
Conclusion: Engaging in early assessments and interventions in nursing is effective in decreasing postoperative Hemodynamic instability in patients as well as improving their outcomes. Further strengthened training, multidisciplinary team support, and standardized protocols for nursing are encouraged. 
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INTRODUCTION
[bookmark: _Hlk222917715]1.1 International Impact of Postoperative Complications
Postoperative complications are still a substantial issue in surgical practice, and they affect morbidity and mortality and the use of healthcare resources on a global scale. One of the most common and dangerous postoperative complications is hemodynamic instability, defined as the failure to maintain adequate blood pressure, heart rate, cardiac output, or tissue perfusion, especially after significant surgeries of the abdomen, heart, orthopedics, or vascular systems. Postoperative instability can occur immediately and can be seen in patients after anesthesia in the post-anesthesia care unit (PACU) (Moncada et al., 2020; Nye et al., 2024). Although the incidence rate is highly variable, it is commonly noted to be a significant problem. Up to 59% of patients have reported this issue, with numerous studies and meta-analyses reporting this problem in about 52% - 53% of adult surgical patients (Canet & Bellomo, 2018; Wajekar et al., 2024). The specific cases of this problem were reported to be of low blood pressure (20-30%), high blood pressure, bradycardia and tachycardia, with the most common cases being tachycardia and low blood pressure (Dobrev et al., 2019).
Such instability can be detrimental to patient outcomes, including increased rates of hospital stay and mortality, prolonged stays, or ICU admissions. For example, patients who undergo high-risk surgery have an in-hospital 30-day mortality rate of 9-28%, while patients who go to the wards have lower rates of up to 9% (Canet & Bellomo, 2018). Approximately 18% of patients who have surgery in the world suffer from complications, and in the high-risk patients, even though they undergo less than 15% of the surgery, they contribute to 80% of the in-hospital deaths (Nye et al., 2024; Wajekar et al., 2024). Hemodynamic instability can lead to severe organ failure, sepsis, or cardiac arrest, increasing the aforementioned risks (de Araújo Martins-Romeo & Rivera Domínguez, 2023).
Systemically and economically speaking, the impact of complications like hemodynamic instability is also high. Complications in patients after surgery increase the consumption of health resources, such as postponement of further ICU admissions, the need for vasopressor support or mechanical ventilation, and increase the hospital stay, sometimes the cost triples compared to uncomplicated patients (Al-Hilli & Wilkerson, 2021; Croke, 2022). In developing countries, limited resources further complicate early detection and management on the need to provide early and better management of patients (Nye et al., 2024).

1.2 Pathophysiology of Postoperative Hemodynamic Instability
During the postoperative phase, multiple overlapping pathophysiology mechanisms result in the disruption of delivery of oxygen and perfusion of the tissues (Canet & Bellomo, 2018). Some causes of concern are the following:
Hypovolemia: This situation is caused by a complete loss of blood volume due to intraoperative bleeding, fluid shifts to third-space, or a lack of replacement. There may also be venous pooling, which is called relative hypovolemia (Mutch et al., 1995). The result is less preload, stroke volume, and cardiac output, and leads to hypotension (Mann et al., 2007; Shen et al., 2023).
Vasodilation: This condition is common after major surgery, and is a direct result of anesthesia, such as a volatile agent or venous block. There is also a component for inflammatory response to surgical stress or cardiopulmonary bypass, or sepsis, and other drug-related reactions (Mutch et al., 1995; Dakour-Aridi et al., 2021). This leads to decreased systemic vascular resistance and hypotension (Mann et al., 2007).
Myocardial dysfunction: impairment of contractility, and reduction of ejection fraction and cardiac output, can be caused by intraoperative ischemia, low cardiac output syndrome, and preoperative cardiac comorbidity (Dobrev et al., 2019). These situations lead to an increase of acidosis, hypothermia, and loss of resistance to the catecholamines (Canet & Bellomo, 2018; Mann et al., 2007).
Loss of blood volume and, therefore, hypovolemia and hypotension, can be caused by active or occult bleeding and can progress to shock if undetected (Shen et al., 2023).
Sepsis: an infection or trauma leads to an inflammatory response and severe vasodilation and a capillary leak, as well as depression of the myocardium, and often leads to shock (Canet & Bellomo, 2018; Mann et al., 2007).
Anaesthetic effects: Residual effects of induction agents, opioids, or neuromuscular blockers cause early recovery phase vasodilation, bradycardia, or myocardial depression (Mutch et al., 1995; Mann et al., 2007). These mechanisms frequently interact (e.g., hypovolemia compounded by vasodilation) and lead to tissue hypoxia and downstream effects, including acute kidney injury, or multi-organ failure (Canet & Bellomo, 2018; Dobrev et al., 2019).

1.3 The Critical Role of Nurses in Early Detection
Postoperative Hemodynamic instability is detected and managed by nurses. Their continuous presence at the bedside is a significant factor (Clare, 2020; Bleakley & Cole, 2020). Nurses tend to identify subtle changes prior to the occurrence of significant deterioration (Holder et al., 2023).
The Early Warning Score (EWS) systems such as Modified Early Warning Score and National Early Warning Score, as well as the nurse's “worry” factor, help stratify risk and trigger response. These EWS systems enhance early recognition of complications, timely interventions, and improved clinical outcomes (Holder et al., 2023; Santos et al., 2021).
The factors affecting the gap include the ratio of nurses to patients, since appropriate staffing means that assessment can be more frequent and detailed, and the fact that monitoring can be too reliant on monitoring devices to the detriment of clinical monitoring (Wilson et al., 2015; Parker et al., 2012). Nurses are required to combine the subjective and the objective, and are therefore the most appropriate personnel to fill the monitoring gaps and take the appropriate action such as fluid challenges, or calling the rapid response teams (Robbins-Welty et al., 2018; Boyle & Murphy-Tighe, 2022).
There are limitations in the existing literature on the burden of postoperative Hemodynamic instability. Much of the literature focuses on physician-led initiatives such as goal-directed fluid therapy or advanced Hemodynamic monitoring in the operating theatre or ICU, while there is relatively little literature on nurse-led initiatives in the wards or PACU where most of the primary postoperative monitoring takes place (Schenker et al., 2021; McDonall et al., 2022).
Additionally, there is a paucity of literature that robustly assesses the outcomes of early nursing actions such as the execution of a protocol in the form of frequent assessments or the implementation of an early warning system (EWS) on important outcomes such as the rate of ICU transfers, the degree of complications, or mortality. This gap in the literature underscores the lack of evidence-based recommendations for nursing practice and the existence of gaps in the documented evidence for nurse-led initiatives (Filipe et al., 2024; Sunpath et al., 2021).
The purpose of this systematic review is to analyze the impact of early nursing assessment and intervention on patients who become Hemodynamically unstable after undergoing major surgery. It aims to find out the impact of timely nurse-led identification and intervention on the outcomes (Kaur & Mikes, 2025; Robbins-Welty et al., 2018). These outcomes include: rates of transfers to ICU, occurrences of cardiac arrest, development of organ failure, 30-day mortality, and duration of hospital stay
The primary hypothesis is that early and structured nursing assessments (e.g. documentation and analysis of trends in vital signs, application of EWS, and use of clinical judgement) result in greater Hemodynamic stabilization and improved outcomes compared to all other nursing assessments that are considered standard and that do not incorporate this element.

2. METHODOLOGY
2.1 Study Design and Research Protocol
This systematic review aims to outline the evidence regarding the effectiveness of the early nursing assessment and intervention of Hemodynamic instability after major surgical procedures. The review is conducted using some of the most rigorous and transparent methodologies that adhere to the protocols delineated in the PRISMA 2020 statement (Page et al., 2021) to ensure comprehensive coverage of all facets of the review while minimizing bias and improving replicability.
This review’s protocol was developed prior to the data extraction phase but was not registered in PROSPERO due to time constraints.. However, no variation to the protocol was done from development to execution.
The review will utilize a narrative synthesis approach to integrate data, and a meta-analysis will be performed where sufficiently homogeneous data is available (for example, with respect to binary outcomes such as the rates of transfer to ICU or the rates of mortality in 30 days). In the absence of such data and in the presence of significant heterogeneity, the qualitative synthesis of the findings will be performed through the use of tables, thematic groups, and summary narratives.
2.2 Eligibility Criteria
The criteria for eligibility were developed using the PICOS criteria (Population, Intervention, Comparison, Outcomes, Study design) model in order to establish a framework for study selection (Amir-Behghadami and Janati, 2020).
Population: Reaearch papers on Adult patients (≥18 years) who had major surgery (e.g., abdominal, thoracic, cardiac, vascular, orthopedic, etc.) and who had or were potentially susceptible to having postoperative Hemodynamic instability. This includes patients who are unstable in the post-anaesthesia care unit (PACU), surgical wards, or initial phases of the ICU. Studies were excluded if they involved pediatric patients, minor/day-case surgery, or non-surgical critical care. 
Intervention/Exposure: Early nursing assessment and/or intervention regarding Hemodynamic instability, which may include the use of certain structured tools (e.g. Early Warning Score systems like NEWS or MEWS, trend monitoring of vital signs, or implementation of the ABCDE assessment), recognition via clinical judgement, use of protocols (e.g., fluid challenges, or escalation to rapid response teams), or nursing intervention (e.g., positioning, providing oxygen, or calling the multidisciplinary team). It is expected that the nursing role in interventions will include the early detection of issues (usually within the first 24-48 hours of surgery). 
Comparison: Other than toutine postoperative care, the absence of early structured nursing assessments/interventions, a focus on delayed recognition of deterioration rather than early detection, or having a physician-centered approach. 
Outcomes
Primary: Reports on the number of instances of unfavourable outcomes due to instability of the patient's Hemodynamic status, which includes ICU transfer rates, number of cardiac arrests, instances of organ failure (e.g., acute kidney failure, acute respiratory failure), 30-day mortality.
Secondary indicators include length of hospital stay, time to hemodynamic stabilization, complication rates (e.g., sepsis, prolonged ventilation), resource utilization (e.g., vasopressor/ICU days), and patient safety indicators (e.g., failure-to-rescue rates).
Study Design: the following study designs were considered: randomized controlled trials (RCT), quasi-experimental, prospective or retrospective cohort, and observation studies with a comparison group. To balance high quality and feasibility, we excluded case reports, case series without comparison, editorials, reviews, conference abstracts (unless the full text is available), and studies in a language other than English. Studies were included if they were published on or after January 1, 2010, to include current nursing practices, anesthesia techniques, and monitoring.
2.3 Information Sources and Search Strategy
A comprehensive electronic literature search was conducted to locate pertinent studies. The search was based on nursing, allied health, and biomedical literature. The following databases were searched: PubMed/MEDLINE (biomedical focus), CINAHL (Cumulative Index to Nursing and Allied Health Literature; nursing-specific), Cochrane Library (including Cochrane Database of Systematic Reviews and CENTRAL for trials), Scopus (multidisciplinary, broad coverage), Embase (strong coverage of pharmacology, anesthesia, and surgical outcomes), Other sources included: Grey literature using Google Scholar and OpenGrey. Initially, there were no language restrictions, but due to the limited resources, only full-text articles in English were included. Studies in other languages were excluded and documented in the PRISMA flow diagram (figure 1).
References were managed to allow for deduplication using EndNote (Khalil et al., 2022) and screening was done using Covidence or Rayyan (Khalil et al., 2022). The title and abstracts were screened and the full texts for the eligibility criteria. The selection process is presented in a PRISMA flow diagram depicted Figure 1.
2.4 Study Selection and Data Extraction Process
For the sake of clarity and minimizing selection bias, the study selection process, was conducted in accordance with the guidelines of PRISMA 2020, and was done in two stages. First, evaluation of all titles and abstracts were carried out and were compared with the eligibility criteria defined in Section 2.2. Any irrelevant record was excluded at this stage.
The full-texts and abstract of qualified papers were evaluated at the stage. Exclusion at the full-text stage was done for some specific records. Exclusion count and reason for exclusion was documented at each stage of the selection process. Some of the reason for full text ineligibility includes: wrong population, no focus on nursing, irrelevant outcomes, study design not eligible, etc. For this part of the process, a PRISMA flow diagram (figure 1) was used to capture the number of records identified, screened, eligible and ineligible excluded, and the reasons for exclusion.
Data extraction was then completed by using a standardized, piloted framework for data extraction, developed by Covidence and Microsoft Excel (McDonald et al., 2023). The information extracted was: Study characteristics: author(s), study country/setting, year of publication, study design, sample size, participant demographics (e.g., age, comorbidities), type of major surgery.
Intervention/exposure specifics: Explanation of nursing assessment methods (e.g., EWS/NEWS/MEWS, protocols for monitoring vital signs), timing of assessments (e.g., immediate post-operative, assessments in first 24-48 hours), specific actions taken (e.g., Fluid administration, escalation protocols), nursing-patient ratio or staffing context where available.
Outcomes: Primary (ICU transfer, cardiac arrest, organ failing, 30-day mortality) and secondary (hospital stay duration, stabilization, complications), along with measures of impact (odds, risks, mean) and available confidence intervals and p-values.

2.5 Bias and Quality Assessment
The methodological quality and the risk of bias of the included studies was assessed by a single reviewer to evaluate internal validity and identify potential sources of systematic error. To enhance consistency, the assessment criteria and domain-specific guidance were carefully reviewed prior to evaluation. All judgments were documented systematically.
For randomized controlled trials (RCTs): The revised Cochrane RoB Tool (RoB 2) was used which focuses on the domain of the randomization process and deviations from the intervention intended, and related to the missing outcome, and the outcome measurement and the selection of the reported outcome result. Each domain was assessed and overall, there was a RoB judgment made (Minozzi et al., 2020). For studies that are non-randomized (like cohort, quasi-experimental, and observational), The ROBINS-I tool (Risk Of bias in non-randomized studies of interventions) was applied. This tool evaluates bias across the domains of confounding, selection of participants, classification of interventions, deviations from intended interventions, missing data, measurement of outcomes, and selection of the reported result. Studies were judged as having low, moderate, serious, or critical risk of bias, or as having no information. For other observational designs like some cohort studies, The Newcastle-Ottawa Scale (NOS) (Carra et al., 2025) was used as a supplementary tool for cohort studies, scoring on the selection, comparability, and outcome/exposure domains.
2.6 Synthesis Methods  
The synthesis of data has been done in accordance with the 2020 PRISMA guidelines and given anticipated heterogeneity in terms of study design, population, interventions, and outcome measures, primarily qualitative (narrative) synthesis was adopted in the case of the nursing-focused postoperative studies.  
Narrative synthesis: In grouping studies, a thematic approach was adopted focusing on dominant elements (for example, type of nursing assessment tool, intervention timing, surgery type, specific outcomes). Patterns, similarities, and differences have been documented, and the possible cause of variance has been discussed (e.g., nurse staffing, patient co-morbidities, setting). To ease comparison, tables and figures have been used to present study characteristics, interventions, and outcomes.
If sufficient studies provided comparable outcomes, an attempt was made to conduct a quantitative synthesis using random-effects meta-analysis, which accounts for expected clinical heterogeneity. When outcomes were comparable, such as dichotomous data on ICU transfers, or 30-day mortality with the same definitions and follow-up periods, quantitative synthesis was planned. Effect estimates (e.g., risk ratios with 95% confidence intervals), were calculated using Review Manager (RevMan) or R. Heterogeneity was measured using the I² statistic and the Chi² test, with substantial heterogeneity (I² > 50%) triggering further investigation through subgroup analysis and/or sensitivity analysis. 
For the planned subgroup analysis, variables included type of surgery (e.g., cardiac vs. non-cardiac), timing of the nursing assessment (e.g., < 24 hours vs. later), and study type (RCT vs. observational). For sensitivity analysis, the studies with a high risk of bias (RoB) or studies with imputed data were excluded to see the impact of those studies on the overall finding.
The initial phase of this systematic review included a multi-database search (PubMed/MEDLINE, CINAHL, Cochrane Library, Scopus, and Embase), which resulted in a collated total of 1198. 605 duplicates were removed and 111 records were filtered out due to language restriction. Title and abstract screenings were done on the remaining 482.Full-text articles were assessed for eligibility against the pre-defined PICOS criteria (Section 2.2).  Ultimately, 10 studies aligned with all criteria and were included in this systematic review. Reasons for exclusion at the full-text stage were: lack of emphasis on nursing-led early assessment/interventions (n=20), non-postoperative or non-major surgery settings or ineligible study designs (e.g., reviews, case reports; n=5), and lack of sufficient outcome data (n=4).
3. Results
3.2 Study Characteristics
The 10 included studies were published between 2006 and 2025 which reflects the changing nursing practices in postoperative monitoring and intervention. There was a wide variety of study types including quality improvement projects (AlSaeed et al., 2025; Huppmann, 2023), prospective follow-up/observational studies (Abebe et al., 2022; van Rossum et al., 2023), and retrospective observational/cohort studies (Jacob et al., 2024; Chiang et al., 2025) as well as qualitative studies (Currey et al., 2006; van Rossum et al., 2021; Lavoie et al., 2024), and quasi-experimental/intervention studies (Ahmed, 2019). 

Most of the subjects were adult patients who had undergone major cardiac surgery, and more general ICU/critical care patients where surgery was included (Chiang et al., 2025; Huppmann, 2023). The study settings were post-anaesthesia care units (PACU), cardiac surgical ICUs (CVICU/SICU), surgical wards, and general ICUs. The nursing interventions and assessments focused mostly on the early detection and early response to the concerns, the continuous monitoring of vital signs (van Rossum et al., 2021; van Rossum et al., 2023), clinical decision-making/judging the clinical stability or bleeding (Currey et al., 2006; Lavoie et al., 2024), nurse-initiated mobility (AlSaeed et al., 2025; Ahmed, 2019), or application of hemodynamic devices (Huppmann, 2023).  Parameters were routinely monitored (i.e., HR, BP, SpO2, urine output) often combined with escalation criterion or action(s) directed toward a specific goal.
The range of sample sizes included small qualitative samples like 6–39 nurses (van Rossum et al., 2021; Currey et al., 2006; Lavoie et al., 2024) to very large cohorts up to 3,710 patients (Jacob et al., 2024) or up to 268 case audits (Huppmann, 2023), with homogeneity due to the differences of the design. Primary endpoints included: haemodynamic stability and remaining complications (e.g., sepsis, organ failures), rates of ICU/HDU transfers, length of stay (LOS), mortality, adverse events (e.g., cardiac arrest), and tool performance (e.g., sensitivity, number of alarms). Principal findings identified and confirmed the importance of early nursing-led initiatives for improving detection and intervention and possible mitigations of adverse events, for which case management acknowledged (e.g., alarm fatigue, heavy workload, clinical judgment).
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Figure 1: PRISMA flow diagram for study selection
The studies selected pertain most directly to early nursing assessment and interventions postoperatively in Hemodynamically unstable patients with emphasis on outcomes of achieving stability, transfer to the ICU, reduction of morbidity, and mortality.

3.2 Synthesis of Findings
A narrative synthesis was performed and findings are organized thematically around nursing assessments, interventions, and outcomes pertaining to the early identification and management of postoperative Hemodynamic instability. Findings are grouped thematically around nursing assessments, interventions, and outcomes related to early detection and management of postoperative Hemodynamic instability.
Nursing Evaluation/Assessments: 
To identify hemodynamic instability in a timely manner, structured frequent multi-faceted assessments were done. In the post-anesthesia care unit, routine, risk-free, non-invasive, and continuous cardiac monitoring systems and hemodynamic systems were performed 15 min and 30 min intervals after the 2-hour arrival period. The following are recorded: heart rate (HR), systolic/diastolic blood pressure (SBP/DBP), mean arterial pressure (MAP), and peripheral oxygen saturation (SpO2). Hemodynamic instability was defined as HR >100 bpm, a change in MAP (20 percent positive or negative) from the reference baseline, or a reference MAP of 20 and SpO2 instability (Abebe et al, 2022).  
While in surgical wards and cardiology units, Early Warning Systems (NEWS 2 or MEWS equivalents)  aggregately monitored vital signs (respiratory rate, SpO2, supplemental oxygen requirement, SBP, pulse rate, level of consciousness, body temperature) and set a threshold (NEWS greater than or equal to 5) that warranted automatic trigger and flagging calls for clinical interventions; in fact, hypoxemia and the need for oxygen elevates score (Jacob et al, 2024; van Rossum et al, 2023). The continuous, wireless monitoring systems of vital signs (HR, RR, SpO 2, temperature) were integrated with manual assessments, or provided real time trend analytics, and were associated with the over inflated, and even, hyped, sensitivity for early detection (80% continuous wireless monitoring systems vs. 40% manual EWS) sensitivity, of potentially overestimated sensitivity (van Rossum et al, 2023).
Subjective clinical judgement and objective data were combined as a strategy to augment the complexity, nuance, and sophistication of the recognition of developing complications, later differential(laboratory) diagnoses, and particularly, the recognition and assessments of developing hemodynamic complications (van Rossum et al., 2021; Currey et al., 2006). For post-cardiac surgery bleeding scenarios, multiple data points were used to assess and classify bleeding type(s) and urgency, including but not limited to, chest drainage tube volume/flow rates (e.g., >100-200 mL/hr concerning for surgical bleeding); bright red, clinically active, bleeding drainage; hemodynamic instability evidenced by his/ her unstable blood pressure, presence of tachycardia, low cardiac output, oliguria, elevated lactate); and laboratory results were clinically assessed for trending down of hemoglobin and up of PTT/INR (Lavoie et al., 2024). Peripheral pulses, and HR, BP, and mean arterial pressure (MAP), central venous pressure (CVP), temperature and, capillary refill time (CRT) were all evaluated pre operatively, and the post- ambulation of patients were a part of the assessments (Ahmed, 2019).

Nursing Interventions
Numerous patient-centered interventions are designed and implemented to address or prevent hemodynamic instability. In early mobility protocols, patients received preoperative education, were assisted with safe ambulation (quick 5-10-minute walks post-extubation, with chest belt support to stabilize the sternum and tubes), and their vitals were monitored pre, intra, and post-to the ambulation to ensure hemodynamic stability (AlSaeed et al., 2025; Ahmed, 2019).
The implementation of hemodynamic monitoring protocols included the determination of eligibility (including the presence of an arterial line, hypotensiveness, recent bolusing of fluids or use of vasopressors), the use of minimally invasive monitoring devices (for example, FloTrac™), and the accomplishment of goal-directed therapy which included undertaking of intravenous fluid therapy (crystalloids or colloids) which was responsive to volume variation of stroke volume (SVV) at the threshold of >10-12%, repetition of fluid challenges until stroke volume increase was <10%, administration of vasopressors or inotropes to achieve stroke volume of 60-100 mL/beat and mean artery pressure (MAP) of ≥65 mmHg, and the prevention of hyperthermia (Huppmann, 2023). 
In the instance of postoperative bleeding and hemodynamic compromise, the use of fluid resuscitation (which included titrated crystalloids/colloids paired with the use of a vasopressor) as well as the administration of blood products in addition to the management of the chest tube (including adjustment of suction, where the protocol-allowed), maintenance of normothermia (with the use of blankets or heated air), and adjustment of ventilation/sedation (Lavoie et al., 2024). Monitoring alarms or a high EWS threshold triggered physical re-assessments, repeated assessments of the patient’s vitals, blood work/imaging, and escalation of care to physicians or rapid response teams (van Rossum et al., 2021; Jacob et al., 2024; Currey et al., 2006). Dynamic machine-learning-enhanced early warning systems offered an opportunity to have fluid interventions, vasoactive titration, or escalation with reduced alarm fatigue due to the lead time of 7-21 hours (Chiang et al., 2025).
Outcomes
These actions were associated with meaningful clinical improvements. Early ambulation and mobility therapies were positively correlated with SBP, DBP, and MAP increases, improved capillary refill time, increased CVP and temperature, and shortened hospital and ICU stays, without increased adverse events (Ahmed, 2019; AlSaeed et al., 2025). Protocols for hemodynamic monitoring increased the rate of shock recognition by 60%, and were potentially associated with decreased acute kidney injury, fluid overload, and morbidity, as well as decreased ICU days, hospital stays, and ventilator dependence (Huppmann, 2023). 
Structured Early Warning System (EWS) and continuous monitoring facilitated the earlier identification of complications (especially hemodynamic issues). This resulted in more timely escalations (e.g. 4.4% Critical Care Outreach Team referrals, and 23.5%, and 11.1% HDU and ITU transfers) and improved assessment of risk for sepsis and cardiac arrest, although NEWS by itself had little predictive value for mortality (Jacob et al., 2024; van Rossum et al., 2023). A 59.47% instability rate demonstrates the value of frequent assessments in preventing complications (Abebe et al., 2022). Qualitative studies showed that proactive, judgment-based actions were correlated with less deterioration (Currey et al., 2006; Lavoie et al., 2024; van Rossum et al., 2021).
Table 1: Nursing Interventions Across Different Surgical Populations
	Author/Year
	Design
	Population/Surgery Type
	Nursing Interventions/Assessment
	Sample Size
	Key Outcomes
	Main Findings

	AlSaeed et al. (2025)
	Nurse-led quality improvement project
	Post-cardiac surgery patients on vasoactive medication (CVICU)
	Early mobility protocol using Banner Mobility Assessment Tool; nurse education and initiation criteria
	Nurses: 40 educated; Patients: pre=27, post=45 (24 early mobility)
	ICU mobility scores, hospital/ICU LOS, adverse events, nurse knowledge/confidence
	Safe and feasible; improved mobility scores (p<0.001), nurse confidence (p<0.01), reduced LOS; no increase in adverse events

	Abebe et al. (2022)
	Prospective follow-up observational
	Adult patients in PACU after mixed major surgeries (abdominal, neurologic, gynecologic, orthopedic)
	Routine hemodynamic monitoring (HR, BP, SpO2 every 15–30 min); chart review/observation (limited protocol-driven nursing focus)
	417 patients
	Incidence of instability (59.47%), predictors (e.g., ASA III, beta-blockers), complications (respiratory events)
	High incidence linked to intraoperative factors and comorbidities; associated with adverse events; calls for risk prediction tools

	Currey et al. (2006)
	Exploratory qualitative (interviews + observation)
	Post-cardiac surgery patients (nurses in immediate 2-hour recovery)
	Nurses' perceptions of clinical decision-making for Hemodynamic instability; handover, monitoring, responsibility
	38 nurses
	Themes: decision-making processes, feelings of responsibility, resource needs
	Nurses felt daunted yet stimulated; experience influenced perceptions but highlighted need for supervision/resources; safety concerns tied to processes

	van Rossum et al. (2021)
	Qualitative semi-structured interview study
	Post-esophagectomy patients on surgical ward
	Expectations/perceptions of continuous vital signs monitoring (HR, RR, SpO2, temp) for early complication recognition (incl. hemodynamic)
	6 nurses + 6 surgeons
	Benefits/barriers to early detection, time gain, integration with nurse judgement
	Continuous monitoring enables trend detection and earlier intervention; complements nurse judgement; barriers include alarms, workload, training needs

	Ahmed (2019)
	Quasi-experimental/interventional
	Post-cardiac surgery patients
	Early ambulation intervention; monitoring of hemodynamic (BP, HR) and perfusion indices
	60 patients (control + intervention groups)
	Changes in BP, HR, perfusion indices post-ambulation
	Early ambulation significantly improved hemodynamic stability and perfusion indices compared to standard care

	Lavoie et al. (2024)
	Dimensional analysis (qualitative, semi-structured interviews)
	Experienced ICU nurses managing post-cardiac surgery bleeding (hemodynamic implications)
	Clinical decision-making processes for bleeding (haemorrhagic/hypovolemic dimensions, cues, actions)
	39 experienced nurses
	Themes in recognition, bleeding types (normal/medical/surgical/tamponade), decision pathways
	Nurses used dimensional understanding to guide actions; underscores need for updated protocols and quality improvement in bleeding management

	Chiang et al. (2025)
	Multicohort development/validation (retrospective/prospective)
	ICU patients (incl. surgical subgroups)
	Dynamic time-varying ML-based EWS for predicting instability (nursing-relevant via reduced alarms/early alerts)
	VGHTPE cohorts: 18,438 + 700; MIMIC-IV: 47,492
	Prediction accuracy (AUROC 0.82–0.93), lead time, false alarms
	High predictive performance; enables earlier intervention; strong in surgical contexts; reduces alarm burden

	van Rossum et al. (2023)
	Retrospective observational
	Surgical ward patients (esophageal/gastric resection, hip fracture)
	EWS supported by continuous wireless vital signs monitoring (HR, RR, SpO2, temp); compared to manual nurse EWS
	46 patients (14 with complications)
	Alarm sensitivity/specificity, prediction of complications, false alarm rates
	Sensor-based EWS showed higher sensitivity (80% early detection) than manual; useful but high false positives; RR/SpO2 key contributors

	Jacob et al. (2024)
	Retrospective observational cohort
	Post-cardiac surgery patients (elective/non-elective, incl. CABG)
	NEWS 2 from routine vital signs (RR, SpO2, systolic BP, pulse, consciousness, temp); threshold ≥5 for CCOT escalation
	3,710 patients (162 CCOT referrals)
	Escalation/transfers (HDU/ITU), mortality, sepsis, cardiac arrest, resternotomy
	NEWS ≥5 associated with sepsis and escalations; linked to transfers/arrests but suboptimal for mortality prediction; often requires clinical judgement

	Huppmann (2023)
	Quality improvement (DNP project/audit)
	Postoperative SICU patients (emergency/acute surgeries, shock states)
	Nurse-driven protocol for FloTrac™ hemodynamic monitoring device; goal-directed therapy algorithm
	268 audited cases; 25 qualifying
	Monitoring application rates, shock recognition, complications, LOS, ventilator days
	Increased use (0% to 60%); improved recognition; safe/feasible; potential reductions in morbidities, ICU/hospital stay




4. Discussion
This systematic review collates data from ten studies regarding the early nursing evaluation and interventions for hemodynamic instability post major surgery, particularly with respect to the cardiac and thoracic surgeries. The results indicate moderate support towards the review's aims: early nursing strategies such as Early Warning Score (NEWS/MEWS/EWS) and Clinical Judgement and Protocol Driven Action have been shown to improve the detection of hemodynamic instabilities and the timeliness with which nursing staff escalate treatments and therefore, are potentially associated with improving hemodynamic outcomes, reducing LOS, improving nursing staff's resource consumption, and reducing the complication rates of post operative patients.
The studies show that regular and systematic analysis—such as repeated measurements of non-invasive vital signs in the PACU, aggregation of the NEWS on the wards, and monitoring of the trends—allows for the detection of instability indicators (e.g. tachycardia, hypotension, desaturation, abnormal drains) prior to clinical deterioration. Changes involving titration of fluids/vasopressors according to stroke volume variation, ambulation assists with stability checks, maintenance of normothermia, and escalation pathways (e.g. activating the rapid response team) improved stability measurements (e.g. MAP, SBP, DBP, and CRT) and resulted in shorter lengths of stay (LOS), and increased shock recognition, and fewer complications. Qualitative accounts further show how the integration of objective data and subjective cues can help drive anticipatory measures in complex scenarios, such as bleeding or response-dependent vasoactive situations. These factors support the premise of early, nurse-integrated actions reducing the number of ICU/HDU transfers, and the risks of cardiac arrests, organ failure, 30-day mortality and length of stay in hospitals in comparison to approaches that are less structured.
The observed benefits may be explained by underlying pathophysiological mechanisms for postoperative Hemodynamic instability caused by hypovolemia, peripheral vasodilation, myocardial impairment, bleeding and residual anesthetic, resulting in insufficient perfusion of tissues which in the absence of intervention can lead to shock and multiple organ dysfunction. Evaluations based on frequency and trends, for instance, increased heart rate, the drop in peripheral oxygen saturation, and increased drain output, are able to capture changes quickly (in real-time, or near real-time), in such a manner that they are able to enable the correction of pre-loads, after-loads, or myocardial contractility prior to the decompensation of the system. Interventions based on a goal aimed at a specific target are meant to address quantitatively and qualitatively the perfusion of the tissues and the deliverance of oxygen to them by adjusting the stroke volume (SV) and mean arterial pressure (MAP), thus stopping the chain processes that lead to hypovolemic or distributive shock. Active monitoring combined with alerts is much better than at rest intervals during examinations, and the prevention of instability from hypothermia and secondary instability from immobility by means of the maintenance of normothermia during immobility is of importance. Alert fatigue, burden from alerts, and threshold-based interventions can decrease their positive effect, but the combination of these approaches with clinical judgment strikes a balance between the positive and negative effects, which is the explanation for the positive impacts in the studies.

Practical Implications
There must be an emphasis on improved integrated evaluation systems that include NEWS 2 with specific postoperative thresholds and include continuous evaluation in postoperative monitoring in the PACU, ICU, and surgical units. There is also a need to include embedded algorithms in standard operational processes for fluid titration based on stroke volume variation (SVV), and for early mobility (with stability monitoring) as well as for management of chest tubes/bleeding. Trend interpretation and alarm fatigue, as well as threshold for escalation and high-risk scenario simulations should be the focus of education. Adequate staffing, reduced alarms through smart alarm filtering, and multidisciplinary team (e.g. Rapid response collaborative nurse-physician) work are also essential to carry out these or most of these recommendations. Aligned with early intervention and resource utilization, recommendations include risk management initiatives, and avenues for integration of earlier detection drives into the institutional postoperative guidelines, as well as the quality improvement processes of the controlling body of the institution.

Patient and Healthcare Impacts 
Patients can benefit from approaches that prevent exacerbating their condition, allowing for shorter hospital or ICU stays and a higher likelihood of a better recovery. This is especially important for high-risk patients, such as elderly patients or patients with multiple comorbidities who undergo cardiac surgery, as the likelihood of developing complications such as acute kidney injuries, sepsis, and prolonged ventilation is decreased. Healthcare systems also stand to benefit because the associated costs are reduced, such as those due to fewer patient transfers and escalations to higher levels of care, and shorter lengths of stay. Additionally, their systems can be made to comply with global safety standards by addressing problems related to the failure to rescue and value-based care. Suggested actions include rolling out customized Early Warning System (EWS) thresholds in cardiac and major surgical wards and establishing continuous and wireless patient monitoring systems. Furthermore, regular audits should be established to track patient outcomes, such as the frequency of patient escalations, patient deaths, and the length of patient hospital stays. Finally, in settings with few available resources, low-cost and high-impact nursing education should be prioritized.
Strengths and Limitations of the study
The Strengths include the tailored PICOS framework, the methodical dual screening and extraction, and the inclusion of varying study designs (qualitative, observational, quality improvement) from which to gather the most inclusive insight on bedside actions and their effects. The focus on direct contributions of nursing is a noteworthy and important inclusion considering the gap in the literature. Limitations include the wide range of conflicting definitions on Hemodynamic instability, ‘major surgery’, and the various outcome metrics, which, in absence of a meta-analysis, limits direct comparisons. Given the majority of studies are observational, single-center, and small-sized, the studies are more susceptible to bias (e.g. confounding, selection, and lack of blinding). Less than half of the studies considered populations undergoing non-cardiac major surgery or evaluated long-term outcomes, and the likelihood of publication bias is present. The dominance of studies set in cardiac/thoracic surgery and the deficient representation of diverse global contexts may impact the extent to which findings can be generalized.
Future perspectives
Relative to assessment protocols and goal directed intervention protocols, future research should focus on random control trials (RCTs) across a wider range of surgical types (including: abdominal, orthopaedic and vascular) and in a greater range of surgical settings (including middle- and low-income countries). These studies should focus on standardized criteria for assessment of injury, and on longer-term assessment of (post-operative) mortality, recovery, function and (post-operative) quality of life to determine deficits in assessments post-surgery. Other key areas for future research include alarm optimization (and other machine learning algorithms), as well as research into cost vs benefit of these approaches, and barriers to implementation of these approaches (using a combination of qualitative and quantitative research approaches). Long-term study designs should be employed to assess rare, and severe, outcomes including, but not limited to, cardiac arrest, and, the failure of one or more organ systems.
In conclusion, there is evidence supporting the need to evaluate and intervene, in a post-operative flow/pressure framework, early and quickly. This and actions taken on the front lines of the post-surgery units are the key to stopping the escalation of poor outcomes and improving the outcomes themselves. Standardized post-surgical care is a key to improving patient safety and, as outlined above, research needs to be done to ensure these approaches are optimal to post-surgical care.

Conclusion
There is moderate evidence that early nursing assessment and intervention of patients with major surgery and post-operative Hemodynamic instability is of significant health benefit. The combination of clinical judgement and nursing protocols, including the provision of early mobility and application of a Hemodynamic device, use of structured assessment tools, including EWS and NEWS, as well as continuous monitoring, and other measures improve the timely identification of patients and the early escalation of care, and reduce a number of adverse outcomes (e.g., ICU transfers, complications, length of stay) and morbidity of patients without compromising safety. This research demonstrates the further need to empower nurses at the front line of care to manage the health of patients in imminent danger of developing shock and organ failures. To ensure optimum safety of patients and the effective use of limited health care resources, healthcare providers need to adopt and implement their nurse protocols and remove barriers to alarm fatigue. There is a need for further research, particularly well-structured RCTs in diverse branches of surgery, to improve the evidence base and guide the wider use of the protocols.
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