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Abstract

Objectives: Short-term outcomes for those with a prolonged length of stay (LOS) in intensive care (ITU) following cardiac

surgery are poor, with higher rates of in-hospital mortality and morbidity. Consequently, discharge from hospital has been

considered the key measure of success. However, there has been a shift towards long-term outcomes, functional recovery and

quality of life (QoL) as measures of surgical quality. The aim of this review is to compare and critique the findings of multiple

studies in order to determine the long-term effects of prolonged ITU stay post-cardiac surgery. Methods: A computerised

literature search of CINAHL, EMBASE and Google Scholar databases, based on keywords ‘long-term effects’; ‘prolonged ITU

stay’; ‘cardiac surgery’, with rigorous CASP critique, was undertaken. Results: The search yielded 12 papers meeting the

inclusion criteria, with eight retrospective and four prospective studies. Eight of these 12 papers identified inferior long-term

survival or higher mortality rates for those who had prolonged LOS in ITU in comparison to ‘normal’ LOS or a control. The

greatest burden of mortality was six months to one year post-discharge. Three papers found that quality of life was adversely

affected or worse for those who had experienced prolonged LOS in ITU. Conclusions: Further research is required to provide

better quality evidence into QoL, following prolonged stay in ICU post cardiac surgery. The evidence reviewed suggests that

the risk of mortality in this demographic of patients is higher, especially within the first year and, therefore, more frequent

medical surveillance of these patients is recommended.

Introduction

The burden of cardiovascular disease within a progressively ageing population has resulted in a shift in the
demographic of cardiac surgery patients to include those that are older, increasingly frail and presenting with
multiple co-morbidities (1), (2). Despite a higher risk profile, mortality post-cardiac surgery remains low, due
to continued advances in peri-operative care(3). However, the complex nature of these patients means they
are likely to encounter a longer and more complicated post-operative course, often involving a prolonged
length of stay (LOS) in intensive care (ITU). Prolonged ITU stay has been reported as occurring in 4-11%
of cardiac patients (4) with other sources citing it to be as high as 36%(5). This poses both clinical and
ethical issues as a very small proportion of patients are consuming an extremely high level of both human
and financial resources. Care of the critically ill requires a high level of expenditure of time, money and
resources; this includes specialist staff, one to one nursing care and sophisticated equipment and treatments
(6). Critical care units across the UK are running at, or near full, capacity whilst also struggling with staffing
shortages (7). Lack of critical care bed availability often leads to cancellation of procedures, extension of
waiting lists and compromised patient safety, thereby reducing operational performance across all areas of
cardiac surgery and directly affecting patient care. Williams et al . (8) identified a disproportionate usage
of ITU beds in their study and concluded that the poor outcomes that have been reported after prolonged
ITU stays may indicate it is neither beneficial to the patient nor cost effective. This is echoed by Gaudino
et al. (9) who commented that although life-saving treatment should not be withheld, resources should be
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allocated wisely to consider those waiting for treatment.

It is widely accepted that short-term outcomes for those with a prolonged LOS in ITU are poor, with
higher rates of in-hospital mortality (10% vs 0.6%) and morbidity (10), (11). Additionally, both physical and
cognitive impairments have been reported in those who have survived admission to an ICU, symptoms of
which can persist for years following discharge, with more recent classification under the term ‘post-intensive
care syndrome’ or PICS(12) . Post-operative delirium in intensive care is a common occurrence in cardiac
surgery patients (26-52%(13)) and there is evidence to suggest that those who experience delirium are at
higher risk of long-term cognitive dysfunction (14). This is compounded by the growing number of elderly
patients undergoing surgery, with 37% of critically unwell adults over the age of 65 having pre-existing
cognitive impairments such as dementia and depression (14). PICS also encompasses physical impairments;
muscle weakness as a result of critical care admission occurs in 40% of adult patients and in a small number of
cases persists beyond discharge, resulting in poor functional ability and reduced quality of life. The mental
health repercussions of ITU admission are perhaps the most marked, with 30% of patients experiencing
depression, 70% anxiety and up to 50% demonstrating symptoms of post-traumatic stress disorder (14).

Poorer outcomes for those with prolonged intensive care stay, increasing demand for critical care and a lack
of resources has resulted in the development of enhanced recovery programmes. Enhanced recovery after
surgery (ERAS) or ‘fast track’ programmes are a multidisciplinary approach that covers the entire patient
journey (pre, intra and post-operatively) and have been designed to limit psychological and physiological
stress in surgical patients in order to promote faster recovery (15). Techniques include thorough preparation
for surgery through patient assessment and education, minimally invasive surgical techniques, optimal fluid
management and pain control and the early promotion of oral nutrition and mobilisation post-operatively(16).
ERAS was first implemented in colorectal surgery but its usage has spread to other specialities including
cardiac surgery. The implementation of enhanced recovery pathways in cardiac surgery has been found to
reduce not only LOS in hospital but also ITU LOS, post-operative complications and cost (17). Coleman
et al.( 18) reported that although patient demographics, lifestyle and disease severity were similar between
the ERAS and the control groups, the ERAS patients had better understanding of coronary artery disease,
shorter fasting and water deprivation times, increased engagement with physiotherapy and improved physical
performance post-operatively. Williams et al.(19) saw a reduction in post-operative LOS by one day in the
ERAS group and a reduction in intensive care unit LOS from 43 to 28 hours. Evidence demonstrating the
positive effects of ERAS programmes within cardiac surgery, however, remains limited in comparison to
other surgical specialties, and, as a consequence, ERAS is not yet widely implemented.

As a result of worse short-term clinical outcomes for patients with prolonged ITU stay, discharge from
hospital was, until recently, considered the key measure of success. However, there has been a shift towards
long-term outcomes, functional recovery and quality of life (QoL) as measures of surgical quality. There is
now a body of primary research into long-term post-operative outcomes for cardiac patients with a focus on
prolonged ICU stay, but it lacks consolidation. It is the aim of this review, therefore, to compare and critique
the findings of multiple studies and provide an overview of the best available research on this topic in order
to determine the long-term effects of prolonged ITU stay, and to inform and influence clinical practice in
this area. Better understanding of the outcomes of this demographic of patients will also promote informed
decision making for those considering cardiac surgery and allow clinicians to make more accurate decisions
regarding treatment options, resource allocation and medical priorities. However in order to do so, greater
understanding of prognosis, long-term survival and QoL is required.

Methods

A computerised literature search of CINAHL, EMBASE and Google Scholar was conducted. Published
articles for inclusion in the review were identified using the following keywords/ search terms: ‘long-term
effects’ and ‘prolonged intensive care stay’ or ‘prolonged ITU stay’ or ‘prolonged ICU stay’ and ‘cardiac
surgery’.

Inclusion and Exclusion
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The search was refined by exclusion of any articles not written in English and any studies of paediatric
patients. A timeframe of 2006-2020 was set to ensure that the reviewed evidence is relevant to current
practice. After removal of duplicates and exclusion of papers that are not relevant because the participants
were not adults and had not had cardiac surgery, this resulted in 12 papers (see appendix) for inclusion in
the review.

Critical Appraisal Methods

The usage of a good quality critical appraisal tool allows a structured approach to the assessment of the
rigor of the studies being reviewed(20). The choice of an appropriate critical appraisal tool is considered to
be an integral aspect of conducting a systematic review and of evidence-based practice (21). Additionally,
it is important to identify that, due to the wide variation in critical appraisal tools that are available, the
quality of the evaluation that results from a review when using different tools will also vary, even when
applied to the same literature. Design-specific tools are tailored to highlight potential methodological issues
or bias that is unique to the study design; therefore The Critical Appraisal Skills Programme (CASP) tools
for cohort studies (qualitative and quantitative) were chosen. CASP is a reputable organisation whose tools
are free and easy to access, making this review easily reproducible and minimising the potential for varied
evaluations of these pieces of literature.

Results

Long-term survival and mortality

Eight of the 12 papers reviewed identified inferior long-term survival or higher mortality rates for those who
had prolonged LOS in ITU in comparison to ‘normal’ LOS or a control. Mahesh et al.(10) reported overall
survival at one year for prolonged ICU stay to be 89.2% vs 97.8% for the control group of LOS of less than
three days, and 81.2% vs 93.6% at three year follow-up. Heimrath et al. (22) reported mortality rates of 14%
in the prolonged LOS group vs 4% for the control (p=0.001). Elfstrom et al. (23) stated the mortality risk of
groups with LOS 3-7 days and 7-14 days to be 50% higher than that of the ‘normal’ LOS. High mortality rates
for those with prolonged ITU LOS were also reflected in findings by Gaudino et al.(9) where 57 participants
survived to discharge and 78.9% of them died during follow-up (over an average of six years), of which 29
deaths were attributed to cardiac causes. However, it is important to note that this particular study had
a small sample size (n=57) with no control population for comparison, therefore limiting generalisability of
their findings to the wider population. Hassanet al. (24) and Hein et al.(5) reported poorer long-term survival
in those with prolonged ITU stay that was more marked in the first six months to one year post-discharge.
Long-term survival was 70% in the prolonged group vs. 90% in the control (p= < 0.001) (24)with similar
results produced by Hein et al.(5) with 66% survival in the prolonged group vs. 91% in the control (p=0.001).
There was a steep decline in survival in the first six months of follow-up, but the six-month to three-year
period was comparable (with a 7% difference in decline for the prolonged group vs. 4% for the control) which
led the authors to conclude that chances of survival are comparable if they overcome the first six months
post-operatively (5) . Similar findings and conclusions were made by Hassan et al. (24) who demonstrated
inferior long-term survival amongst patients with prolonged ITU LOS, especially within the first year after
discharge, stating that the greatest burden of mortality is within the first year post-operatively.

Conversely, Silberman et al. (25) found that a significant number of patients went on to experience reasonable
long-term survival. Of those with LOS ranging from 1-2 days and 1-3 weeks, 90% were alive at one year
follow-up. Eighty per cent of those with a LOS of one week and 50% of those with a LOS of two weeks were
alive at five years. This was the only study to identify a proportional relationship between ITU LOS and
overall late survival. They also found that for those with an extremely prolonged LOS in ITU (more than
30 days), the highest rate of mortality is in the first year. Manjiet al. (26) took a different approach to their
analysis by looking at ‘functional survival’ which they defined as patients being alive and not institutionalised.
They found that the control group achieved 94.9% functional survival at one year vs. 73.9% for prolonged
ICU stay and 84.9% vs. 53.8% at five years, which was considered a successful outcome by the authors.
However, although the majority were alive and non-institutionalised, it is not known what QoL was like for
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these patients or whether they were requiring care or support at home as no assessment of QoL of functional
status was made.

Quality of Life

Four of the 12 studies included assessment of quality of life in their research. Gaudino et al. (9), Lagercrantzet
al. (27) and Barrie et al.(3) all found that quality of life was adversely affected or worse for those who had
experienced prolonged LOS in ITU. From a sample of 12 patients who survived to follow-up, only four
patients had a Karnofsky score >80, indicative of having regained full autonomy post-operatively. Two
patients were never discharged from a rehabilitation centre and six patients, although discharged home,
were highly dependent on support with their activities of daily living (ADLs). Across all time intervals
over the 6-84 month follow-up period, most patients had a low Karnofsky score (<50) and a small number
had intermediate scores (50-80). QoL (as measured by Karnofsky scores) did not improve over time(9).
Lagercrantz et al. (27)reported higher scores, with 65% achieving >80 indicating full autonomy. However,
they also demonstrated lower scores in both physical and mental domains for the study group vs their control
(39.7 vs 43.6 (p=0.03) and 44.1 vs 50.8 (p=0.001)). Barrie et al .(3) assessed QoL at 3-6 months and one year
time intervals. At 3-6 months the prolonged ICU stay group had greater weight loss (self-reported), greater
fear of falling and deficits that were impacting their ability to drive. At one year, reported weight loss had
improved but they were found to have deficits affecting their ability to carry out ADLs and limiting their
walking distance. Those who underwent non-emergency cardiac surgery and had a subsequent prolonged
LOS in ICU also reported higher ‘decision regret’ scores at 3-6 month and one year follow-up, compared to
those who spent <5 days in ICU post-operatively. Initially the deficits affecting the ability to carry out ADLs
were comparable; however by one year the QoL outcomes for the prolonged group were lower. On the other
hand, Soppa et al.(28) found post-operative functional status in both Group A (ICU LOS 5-10 days) and
Group B (ICU LOS >10 days) was good, with mean Karnofsky scores of 87 vs 77.3; however no comparison
was made against a control or ‘normal’ LOS group. The results reported by Barrie et al. (3) should also be
interpreted with some caution, due to a very small sample size (n=35) and no baseline assessment of QoL
pre-operatively and, therefore, it cannot be concluded with certainty that long-term QoL was impaired as a
result of a prolonged ITU stay.

Consideration of Ethics

Five of the authors state that they received approval from their local ethics board for usage of patient data in
their studies(3), (5), (22), (26), (27) all of whom analysed the data retrospectively. The remaining seven authors
do not mention having sought ethical approval. However, ethical approval is required for all studies involving
identifiable patient data, so although not stated, it is assumed that this was received in all 12 studies in line
with GDPR and Good Clinical Practice or they would have been unable to proceed to data collection and
subsequent publication.

Discussion

Amongst the 12 papers identified, the definition of prolonged LOS varied widely from 2-14 days, therefore
limiting comparability of the results. There were also variations in study design, firstly in the usage of a
comparison or control group. The most common method of comparison was using a ‘normal’ LOS group
versus a ‘prolonged’ LOS group; however a lack of standardised definition of ‘prolonged’ means that, although
similar methodology was used, results may differ widely. Silbermanet al. (25) considered normal LOS to be
<2 days, therefore used ITU LOS of <2 days as the control vs the comparison groups of 2-14 days and >14
days, whereas Hein et al. (5) classified ‘prolonged’ to be LOS exceeding 14 days and used the results as a
comparison for LOS <14 days. One study used an age-sex matched group from the general population for
comparison, and not patients who had undergone cardiac surgery 27). This too limits comparability between
the groups as there may be multiple variables unaccounted for, which may have impacted long-term survival
and QoL, and this also goes against a key premise of the cohort study, that both exposed and unexposed
groups must be taken from the same source population(30). Two papers made no comparison to a control(9),
(26) so external factors cannot be ruled out when considering their results. Soppa et al.(28) described having
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used an ‘internal control’ but it is not clear what this constitutes. Comparisons were made between ‘Group
A’ with LOS of 5-10 days and ‘Group B’ of LOS >10 days but the authors do not clarify whether both
groups are considered to have experienced prolonged stay. It would seem that they are to be classified as
having had a prolonged LOS, as only 4.7% of the 2250 cohort were categorised into Group A or B, indicating
that the remaining 95.3% either had an uneventful post-operative course and subsequent discharge from ITU
or died post-operatively, although why comparison was not made with those of ‘normal’ ITU LOS instead is
not addressed by the authors. Secondly, there was wide disparity in sample sizes between studies. Silberman
et al. (25) recruited a large cohort of 6385 patients in comparison to Soppa et al.(28) with 108 patients and
Barrie et al.(3) with just 35 patients matched with 35 control participants. It seems that Silberman et al.(25)

achieved this through a wide window of data collection, retrospectively identifying all patients undergoing
cardiac surgery between 1993-2011. On the other hand, although Soppa et al. (28) identified 2250 cardiac
surgery patients, only 108 participants met the inclusion criteria as only 4.7% experienced prolonged LOS
in ICU. The advantages of a large sample size are that they can provide greater precision of estimation of
treatment effects and are more likely to be representative of the sample, thus improving generalisability of the
results. Sample size is also a key determining factor for the risk of generating false positive or false negative
results (29). However, it can be argued that, on the basis of statistics, there is no reason why a significant
result from a cohort of 6385 should be trusted more than a result from a cohort of 108, given the level of
significance is the same. Biau et al.(29) also commented that small trials, if well designed, can still produce
reliable estimation of treatment effect; however this is in reference to RCTs which are designed to mitigate
the effects of external variables and bias through randomisation and blinding, which is not achievable in
cohort studies.

Cohort studies are either prospective or retrospective in design; the most common approach amongst these
pieces of literature was retrospective (employed in seven of the 12 studies). Retrospective cohort studies
are less costly and less time consuming than prospective to conduct, but they are also more susceptible to
bias(30). Firstly, with studies with lengthy follow-up periods of months to years, such as these, there is a risk
of attrition bias that occurs from loss to follow-up through death, migration, late refusal to participate or
losses that occur as a result of the exposure itself (30). In this instance there may have been impairments post-
surgery that could limit an individual’s ability to participate in long-term follow-up, resulting in potential
bias and consequent skewing of data. Most studies achieved 100% follow up of their participants, although
this was easier to achieve for those which were retrospective in design. Those that looked at QoL requiring
the completion of questionnaires were less successful at obtaining complete follow-up. Lagercrantz et al. (27)

achieved 72% response rates and Barrie et al. (3)reported a 17% loss of the prolonged group participants
and a 23% loss of participation from the comparison group, which is higher than what is considered to be an
acceptable level of loss (below 20%)(30). Secondly, when there is disparity between completeness of follow-
up between the exposure group and control or comparison group, this can lead to selection bias (30)which
occurred in one study where a higher proportion of phone survey responses were received in the control
group (3).

QoL was assessed in four of the studies using Karnofsky’s Performance Status scale (KPS), the SP-36 and a
combination of the New York Heart Association classification, frailty assessments and the Hospital Anxiety
and Depression Scale. Usage of different tools will undoubtedly yield different results; however at present
there is no approved cardiac-specific QoL assessment tool. The KPS scale, which was used in two of the
studies, has been criticised for lacking sensitivity at the lower end of the spectrum, resulting in inaccurate
classification of functional status for patients with greater physical impairments(31). It also does not include
the assessment of mental health which means it does not address the psychological burden that can result
from ICU stay, the effects of which have been shown to still be evident years following discharge (14). The
KPS scale was also designed for usage by oncology patients and, therefore, due to the lack of a cardiac specific
tool, a generic assessment tool such as the SF-36 may have been more appropriate for this demographic of
patients. However, although more widely applicable, generic tools do not include all of the dimensions
relevant to a specific patient group, consequently reducing their sensitivity(32) and increasing the possibility
of missing factors which may be key to the patient’s perception of their QoL. Additionally, no baseline
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assessment of pre-operative QoL was made in any of the four studies which means it is not possible to
conclude that QoL was impaired as a result of their treatment or prolonged LOS in ITU as the impairments
may have been pre-existing or as a result of a comorbidity. Impaired QoL pre-operatively has been shown
to be a strong predictor of impaired QoL late after cardiac surgery (32) and therefore may have affected the
results. Manji et al.(26) reported good functional survival at one and five years post-operatively, i.e more
than 50% of participants were alive and non-institutionalised. However, although alive, it is not possible
to ascertain whether they would have reported an acceptable QoL or whether they were highly dependent
and requiring care. Analysis of long-term survival or mortality was found to be significant in all 12 studies;
however those utilising Karnofsky as a measure of QoL either did not include the statistical analysis in
the published article(3) or the results were not statistically significant(27). Lagercrantz et al. (27)used the
SF-36 in conjunction with Karnofsky as a QoL measure and the SF-36 results were found to be statistically
significant. Length of follow-up was adequate for the assessment of long-term outcomes in all of the studies
reviewed, ranging from six months to ten years. Although the way in which cardiac surgery is performed has
not changed dramatically in the last decade, improvements to pre, intra and post-operative care continue
to be made in a bid to improve outcomes, changes which may have influenced ICU practices and ultimate
timing of patient discharge from ICU. In an effort to mitigate this bias, standard operating procedures and
local policies were reported to have been followed (5).

Conclusions and Implications for Clinical Practice

The findings demonstrate that long-term survival is worse for those who have experienced prolonged ICU LOS
(23)(9), (24) (5),(22) (27), (10). Notably, mortality is highest in the first six months to one year post-discharge, in-
dicating that more comprehensive follow-up and surveillance is required in this time (5),(10), (24), (25). Follow-
up of cardiac surgery patients typically occurs 6-12 weeks post-operatively(33); however the timing of this is
determined locally and there is currently no national guidance regarding this. NHS England advises that,
upon discharge, patient care is transferred to their local district general hospital or GP for medical review
and referral for cardiac rehabilitation services (if appropriate) (34). Consequently, the onus falls on the GP
and the patient themselves to identify and report any complications, deficits or long-term effects of prolonged
ITU stay. The traditional approach of six week follow-up is also not evidence-based (35) and those with a
prolonged stay in ITU are not flagged as higher risk and therefore are not followed up more frequently nor
comprehensively. The findings of this review suggest that greater surveillance of patients with prolonged
LOS in ITU particularly in the first six months to one year is likely to be beneficial. Mahesh et al. (10)

found prolonged ICU LOS to be an independent predictor of shorter long-term survival and Silberman et
al. (25) identified a proportional relationship between ITU LOS and survival. Due to a lack of good quality
and statistically significant findings, it is not possible to determine whether QoL is also adversely affected
by prolonged ICU LOS. Further research into QoL outcomes for this demographic is undoubtedly required
since, as the population continues to age, more patients will undergo cardiac surgery and survive to dis-
charge, making it crucial to understand what the long-term outcomes are for those requiring prolonged ICU
LOS. Improved understanding of post-operative QoL for cardiac surgery patients will enable clinicians to
better support informed decision making and provide realistic post-operative expectations to patients and
their families. The findings of this review also highlight the importance of efforts to reduce LOS in ITU,
such as the implementation of ERAS programmes.

Limitations

There are limitations of this review that require acknowledgement. Firstly, widening the search period to
allow for research pre 2006 would have resulted in more papers eligible for inclusion. However, due to
resourcing and time restraints, review of more than 12 papers was not manageable and was beyond the
scope of this review. Excluding papers on a language basis (only including those written in English) may
have also impacted the findings of this review and high quality and relevant findings may have inadvertently
been missed as a result of the inclusion/exclusion criteria. Lastly, as previously identified, the findings of
the review are in part dependent on the choice of critical appraisal tool and the application of other critical
appraisal tools to the same literature may have yielded different results.
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PRISMA Flow Diagram
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