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Abstract

Purpose

As global initiatives increase patient access to surgical treatments, there is a need to define
optimal levels of perioperative care. Our aim was to describe the relationship between the
provision and use of critical care resources, and postoperative mortality.

Methods

Planned analysis of data collected during an international seven-day cohort study of adults
undergoing elective in-patient surgery. We used risk-adjusted mixed-effects logistic
regression models to evaluate the association between admission to critical care immediately
after surgery, and in-hospital mortality. We evaluated hospital level associations between
mortality and critical care admission immediately after surgery, critical care admission to treat
life threatening complications, and hospital provision of critical care beds. We evaluated the
effect of national income using interaction tests.

Results

44814 patients from 474 hospitals in 27 countries were available for analysis. Death was more
frequent amongst patients admitted directly to critical care after surgery (Critical Care:
103/4317 patients [2%], Standard ward: 99/39566 patients [0.3%]; adjusted OR 3.01 [2.10-
5.21]; p<0.001). This association may differ with national income (high income countries OR
2.50 vs. low and middle income countries OR 4.68; p=0.07). At hospital level, there was no
association between mortality and critical care admission directly after surgery (p=0.26),
critical care admission to treat complications (p=0.33), or provision of critical care beds
(p=0.70). Findings of the hospital level analyses were not affected by national income status.
A sensitivity analysis including only high-risk patients yielded similar findings.

Conclusions
We did not identify any survival benefit from critical care admission following surgery.

Keywords: Postoperative care/methods; Postoperative care/statistics & numerical data;
Surgical Procedures, Operative/mortality; Critical Care/utilisation



Introduction

The Commission on Global Surgery has set ambitious targets to improve patient access to
surgical treatments [1]. Current estimates suggest 310 million patients undergo surgery
worldwide each year, with more procedures taking place in high income countries [2, 3].
Findings from epidemiological studies suggest that 4.8 billion people are unable to access safe
surgical treatments [4], and the commission has recommended that at least 143 million
additional procedures are required each year, primarily in low and middle income countries
[5]. However, as healthcare systems develop to improve access to surgical treatments, and
more complex procedures are offered, the number of patients who suffer postoperative

complications will also increase [1, 4].

Estimates from high income countries suggest postoperative complications occur in up to 20%
of patients [6, 7], and short-term mortality may vary from 1 to 4% [8-16]. While effective
perioperative care is considered essential to the safe provision of surgical treatments [17],
the optimal level of such care has not been defined. Admission to a critical care unit is often
considered necessary to prevent or treat life-threatening complications. However, this
standard of patient care is very expensive, and there is little or no evidence to confirm the
amount of critical care resource provision needed for a safe surgical service. The value of
routine admission of high-risk patients to a critical care unit after surgery is hotly debated. In
developed nations, there is some evidence that this resource is not allocated to patients at
greatest need [8-10]. The findings of healthcare registry studies of postoperative critical care
admission in the UK are complex and inconsistent [18, 19]. Meanwhile, a study of Medicare

data in the USA failed to identify any benefit of critical care admission after surgery [20, 21].

We therefore need to better understand the benefits of the provision and use of routine
critical care admission after surgery. During the International Surgical Outcomes Study (ISOS)
we collected patient and hospital level data describing critical care utilisation following
elective surgery in 27 countries [22]. The aim of this prospective analysis was to describe the
relationship between provision and use of critical care resources, and subsequent

postoperative mortality.



Methods

Data collection

This was a planned analysis of data collected during an international seven-day cohort study.
The inclusion criteria were all adult patients (age >18 years) undergoing elective surgery with
a planned overnight stay in hospital. Patients undergoing emergency surgery, day-case
surgery or radiological procedures were excluded. Each participating country selected a single
data collection week between April and August 2014. The methods and basic epidemiological
data from ISOS have been published elsewhere [22]. Regulatory requirements differed
between countries with some requiring research ethics approval and some requiring only
data governance approval. In the UK, the study was approved by the Yorkshire & Humber
Research Ethics Committee (Reference: 13/YH/0371). Only hospitals returning valid data
describing 20 or more patients, countries with ten or more participating hospitals, and
patients with complete outcome data were eligible for inclusion in the main ISOS database.
Data describing perioperative care facilities were collected for each hospital at the beginning
of the study. Data describing patient outcomes were collected until hospital discharge on
paper case record forms [23]. Data were censored at 30 days following surgery for patients
who remained in hospital. Critical care was prospectively defined for all countries as a facility
routinely capable of admitting patients who require invasive ventilation overnight. We did
not attempt to standardise the admission criteria for post-operative critical care in

particpating hospitals.

Objectives

The objective of this analysis were to assess the association between provision and use of
critical care resources, and in-hospital mortality after elective surgery. We also investigated
whether this association differed between high income countries (HIC), and low or middle
income countries (LMIC). The potential effects of critical care were evaluated at the patient
level and the hospital level adjusting for potential confounding factors. We initially performed
a patient level risk adjusted analysis for patients admitted to a critical care unit immediately
after surgery. In order to address potential problems with unmeasured confounding, we then

performed three hospital level analyses, evaluating hospital rates of critical care admission



immediately after surgery, rates of critical care admission to treat life threatening

complications after surgery, and finally critical care capacity at the hospital level.

Patient level analysis of association between critical care admission and mortality

We assessed the association between admission directly to critical care after surgery (versus
admission to a standard ward), and in-hospital mortality using a mixed-effects logistic
regression model with a random-intercept for country [24]. The model was adjusted for the
following baseline risk factors: age, gender, current smoker, American Society of
Anesthesiologists physical status (ASA) score, severity of surgery (minor, intermediate,
major), surgical procedure category and presence of ischaemic heart disease, heart failure,
diabetes mellitus, chronic obstructive pulmonary disease/asthma, cirrhosis, stroke, and other
co-morbid diseases. We adjusted for age using restricted cubic splines to account for a
possible non-linear association with mortality [25]. We assessed whether the association
between critical care admission and mortality differed according to a national income status
(high income countries versus low and middle income countries) using an interaction test.
Due to low rates of missing data, we performed a complete case analysis which excluded

patients with missing data describing baseline risk factors or critical care admission.

Hospital level analysis of mortality and critical care admission immediately after surgery

We assessed the association between the hospital rates of critical care admission and hospital
rate of risk-adjusted post-operative mortality. The risk-adjusted mortality rate for each
hospital was calculated by first calculating the ratio of observed:expected deaths within each
hospital. The number of expected deaths was calculated using a three-level mixed-effects
logistic regression model with death as the outcome and random-effects for country and
hospital, adjusted for the same set of baseline risk-factors as in the individual level analysis
above. We calculated the probability of death for each patient based on this model, and then
calculated the expected number of deaths in each hospital by summing the probability for
each patient within the hospital. We calculated the risk-adjusted mortality rate by multiplying
the observed:expected ratio for each hospital by the overall proportion of deaths in the
dataset. We then used a linear regression model with the risk-adjusted mortality rate in each

hospital as the outcome, and critical care admission rate at the hospital level as a fixed factor.



We modelled the association between critical care admission and risk-adjusted mortality
using restricted cubic splines with three knots, placed at the percentiles as recommended by
Harrell [25]. We weighted each observation according to the number of patients in that
hospital. As above, we used an interaction test to assess whether the association between
critical care admission and risk-adjusted mortality differed according to a national income
status. We performed a complete case analysis excluding patients with missing data for

baseline risk factors.

Hospital level analysis of mortality and critical care admission to treat a postoperative
complication

We assessed the association between critical care admission to treat a life threatening
postoperative complication and the risk-adjusted mortality rate at the hospital level using the
same approach as above. We included the proportion of patients admitted to critical care to
treat a postoperative complication in each hospital in the linear regression model as a fixed
factor. We performed a complete case analysis excluding patients with missing data for
baseline risk factors. We also excluded hospitals in which no patient experienced a
postoperative complication, as it was impossible to calculate the proportion of patients

admitted to critical care for this indication.

Hospital level analysis of association between mortality and critical care capacity

We assessed the association between critical care capacity, defined as the number of critical
care beds as a proportion of the total number of hospital beds (i.e. a critical care capacity of
5% would indicate that 5% of all hospital beds were critical care beds), and the risk-adjusted
mortality rate at the hospital level using the same approach as above. We included critical
care capacity in each hospital in the linear regression model as a fixed factor. We performed
a complete case analysis excluding patients with missing data for baseline risk factors, and
hospitals with missing data on the number of beds. All analyses were performed using Stata

14 (StataCorp, USA).



Sensitivity analyses

We conducted two sensitivity analyses. In the first, we repeated each of the four main
analyses described above in a high-risk sub-group, defined as patients classified as ASA Ill or
IV who underwent major surgery. In the second, we investigated the possibility of different
associations between critical care use and mortality in tertiary referral centres by repeating
the three hospital level analyses above using an interaction test for university vs. non-

university hospitals.



Results

Patient data from 27 countries were included in this analysis. Using the World Bank
classification [26], eight were classed as low or middle income countries (Brazil, China,
Indonesia, Malaysia, Nigeria, Romania, South Africa, and Uganda), and 19 were classed as
high income countries (Australia, Austria, Belgium, Canada, Denmark, France, Germany,
Greece, Hong Kong, Italy, Netherlands, New Zealand, Portugal, Russia, Spain, Sweden,
Switzerland, United Kingdom, and the United States of America). In total, 44814 patients from
474 hospitals were included in the main database (15,806 patients from 126 hospitals in low
or middle income countries, and 29,008 patients from 348 hospitals in high income countries)
(Supplementary figure 1). Patient and hospital level characteristics are presented in tables 1
and 2. Patients in low or middle income countries were younger, had lower ASA scores, and
were less likely to have co-morbid disease. Patients admitted directly to critical care after
surgery were older, had higher ASA scores and were more likely to have co-morbid disease.
Hospitals in high income countries had higher levels of critical care capacity, and higher rates
of direct admission to critical care after surgery. 90 hospitals did not admit any patients to
critical care directly after surgery (19%), 32 in low or middle income countries, and 58 in high
income countries. 134 hospitals did not admit any patients to critical care to treat a

complication, 37 in low or middle income countries, and 97 in high income countries.

Patient level analysis of association between critical care admission and mortality

Overall, 43,883 patients (98%) were included in the analysis (Table 3). Patients admitted to
critical care directly after surgery had a higher mortality rate (2.4%) than patients admitted
to a standard ward (0.3%). After risk-adjustment, the odds ratio for mortality was 3.01 (95%
confidence intervals 2.10 - 5.21; p<0.001). There was some evidence that this association

differed according to a national income status (p-value for interaction 0.07).

Hospital level analysis of mortality and critical care admission immediately after surgery
Overall, 44,363 patients (99%) from 469 hospitals (99%) were included in the analysis. We

found no association between critical care admission immediately after surgery and mortality



(p=0.26) (Figure 1). We found no evidence that this association differed between low or

middle, and high income countries (p-value for interaction 0.27).

Hospital level analysis of mortality and critical care admission to treat a postoperative
complication

Overall, 43,771 patients (98%) from 449 hospitals (95%) were included in the analysis. We
found no association between critical care admission to treat a postoperative complication
and mortality (p=0.33) (Figure 2). We found no evidence that this association differed

between low or middle and high income countries (p-value for interaction 0.98).

Hospital level analysis of association between mortality and critical care capacity

Overall, 44,342 patients (99%) from 468 hospitals (99%) were included in the analysis. We
found no association between critical care capacity and mortality (p=0.70) (Figure 3). We
found no evidence that this association differed between low or middle and high income

countries (p-value for interaction 0.43).

Sensitivity analyses

High-risk sub-group: 5624 patients were defined as high-risk (classified as ASA Ill or IV and
undergoing major surgery), of whom 5550 (99%) were included in the analysis. The overall
mortality rate was 2% (n=109). The risk-adjusted odds ratio for admission to critical care
immediately after surgery was 2.32 (95% Cl 1.44 —3.74). We found no significant effect of any

critical care measure in the high-risk sub-group patients (Supplementary figures 2 to 4).

Tertiary referral centres: At the hospital level, there was some evidence that the relationship
between critical care admission immediately after surgery and mortality varied according to
hospital type (p-value for interaction 0.05), although there was no benefit of increasing rates
of critical care admission in either sub-group. We found no evidence that university hospital
status modified the relationship between critical care admission to treat a postoperative
complication (p-value for interaction 0.84) or critical care capacity (p-value for interaction

0.88), and post-operative mortality.
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Discussion

The principal finding of this analysis was that we were not able to identify any evidence of
patient survival benefit from admission to critical care immediately following surgery. At the
patient level, mortality rates remained higher amongst patients admitted directly to critical
care even after risk adjustment, although this observation seems certain to be affected by
significant residual confounding. However, our hospital level analyses, which are much less
sensitive to this form of bias, identified no protective effect from increasing the provision or
use of critical care. We conducted post hoc sensitivity analyses to explore the effect of post-
operative critical care admission within a high-risk sub-group of patients, and according to
university hospital status. However, we did not identify a protective effect of critical care in
either of these analyses. We would urge caution in the interpretation of these findings. The
most effective hospital care pathways will not be based purely on high rates of post-operative
critical care admission, but it remains unclear how provision of this resource should change,

in particular for high-risk patients.

The value of routine admission of high-risk patients to critical care after surgery is debated.
There is evidence of widespread inequity in the allocation of this resource, leading to a
sustained interest in preoperative risk assessment [27]. For example, admission to critical care
after cardiac surgery is routine in most countries, whilst high-risk patient groups undergoing
non-cardiac surgery are often not provided with this level of care despite a much higher
mortality rate [8, 11, 12]. Overall rates of postoperative admission to critical care remain low,
even amongst high risk patients [8-10]. The findings of an analysis of a large US Medicare
dataset exploring the association between mortality, length of hospital stay and healthcare
costs with critical care admission for patients over 65 years of age undergoing one of five
major surgical procedures did not identify any benefit of critical care admission [20, 21].In a
recent healthcare registry study within the UK, investigators identified significant regional
variations in postoperative mortality. After adjusting for regional variations in the provision
and utilisation of postoperative critical care, the number of unexplained postoperative deaths

decreased [18]. An analysis of emergency surgical admissions in England identified wide
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variations in crude mortality, which appeared to be lower in those hospitals with the highest

levels of medical and nursing staffing, and critical care beds relative to size [19].

It seems counter-intuitive that we did not identify a clear beneficial effect of critical care
admission on patient outcomes in this analysis. Whilst the most obvious explanation may
simply be that critical care admission is ineffective, there are several other explanations for
this observation. As it is impossible to test the benefits of critical care admission in a classic
individual patient randomised trial, we must use analyses of large datasets to perform a
‘natural trial’, comparing outcomes for similar patients allocated to different standards of
care as part of their normal treatment. The major challenge of this approach is to understand
enough about each patient to allow robust statistical adjustment for baseline risk. If baseline
data fail to describe this risk, then important differences between patients are not accounted
for, and unmeasured confounding results. It is difficult to precisely adjust for risk in a mixed
surgical population. Key risk factors for patients undergoing one type of surgery may not be
applicable to others. Cancer surgery is an important example, where tumour invasion may
result in wide variation in risk, even between patients having the same procedure. Residual
confounding due to unknown variables or interactions in our risk adjustment models seems
the likely explanation for the apparent excess mortality associated with critical care admission
in our patient level analysis. Another important factor influencing the apparent benefit of
critical care is the incremental value over care on a standard ward. Historically, critical care
units were developed to provide organ support for patients with life threatening illness.
However, few surgical patients require such treatments immediately after surgery. The initial
problems which most frequently impede postoperative recovery in high-risk patients include
pain, hypothermia, mild cardio-respiratory compromise, fluid imbalance, and nutrition [17].
These problems can often be effectively tackled on a standard ward through proactive patient
care led by experienced qualified nursing staff, with prompt access to medical support when
required. Adequate staffing of surgical wards with qualified nurses may improve patient
safety [28, 29], and reduce the incidence of pneumonia, surgical site infection, and
postoperative sepsis [30-32]. Hospitals with higher nurse staffing levels may also be more cost

effective in terms of postoperative outcomes (lower mortality with similar costs), especially
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for high-risk surgical patients [33]. Thus in hospitals which deliver excellent ward based care,
perhaps through provision of intermediate care wards, the incremental benefit of critical care
admission will be reduced. One additional explanation may be that critical care resources are
not be allocated to the surgical patients at greatest risk of death because of inadequate risk
assessment, or failure of the methods used for doing so [8, 9, 11, 12], thereby reducing the

effectiveness of the treatment.

The strengths of this study include the large number of consecutive patients enrolled
worldwide, using prospective standardised definitions for critical care. We also distinguished
admission directly to critical care after elective surgery from subsequent admission to treat
postoperative complications. Despite our concerns regarding residual confounding, we
collected more detailed data on baseline risk factors than would be available in most large
healthcare registries. Patient-level variables were selected on the basis that they were
objective, routinely collected for clinical reasons, could be transcribed with a high level of
accuracy and would be relevant to a risk adjustment model which included a wide variety of
surgical procedures. The study also has a number of weaknesses. Despite the large sample
size, we cannot consider this study as representative of current practice in all countries. In
order to maximise the quantity and quality of data collected, we only recruited patients
undergoing elective surgery, and our findings cannot be extrapolated to postoperative care
for patients undergoing emergency procedures. Only a small proportion of hospitals took part
in a small number of countries. Many patients were enrolled in university hospitals whilst
smaller, low volume centres are under-represented. This may be more important for the low
and middle income countries which took part. The risk adjustment methods used may not
fully account for high mortality rates in hospitals specialising in more complex surgery. Our
findings may also be limited by the low event rate for mortality. Although we collected very
detailed data on the process of post-operative care, we cannot fully describe what happened
to every patient. For example, we do not know how many patients were admitted to critical
care because of unexpected complications during surgery, and we do not know how many
patients were not admitted to critical care because of a lack of available beds. It was beyond

the scope of this study to attempt to standardise the admission criteria for post-operative
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critical care. Finally, although we planned to enrol every eligible patient undergoing surgery
during the study period, we cannot be sure of the exact proportion of eligible patients

included.

Conclusions

In this prospective analysis of data from an international cohort study, we did not identify any
survival benefit from postoperative admission to critical care, either at the patient level or
the hospital level. Safe perioperative care remains essential for effective surgical treatment.
However, isolated measures to increase postoperative admission to critical care may not
alone be sufficient to reduce mortality. We would urge caution in the interpretation of these
findings. It remains unclear how provision of this resource should change, in particular for

high-risk surgical patients.
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Figure legends

Figure 1. Risk-adjusted mortality following in-patient elective surgery in 469 hospitals
across 27 countries according to proportion of patients admitted to critical care

immediately after surgery.
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Each data point represents one hospital. The association between the proportion of patients admitted to critical care
immediately after surgery, and risk-adjusted mortality was estimated at the hospital level using a linear regression model
with the risk-adjusted mortality rate in each hospital as the outcome, and the proportion of patients admitted to critical
care immediately after surgery in each hospital as a covariate. The proportion of patients admitted to critical care
immediately after surgery was modelled using restricted cubic splines. For greater clarity of presentation, hospitals with
>10% risk-adjusted mortality rate have been censored at 10% in the graph; however, these values were not censored in

the linear regression model used to estimate the association.
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Figure 2. Risk-adjusted mortality following in-patient elective surgery in 449 hospitals
across 27 countries according to proportion of patients admitted to critical care to treat a

life threatening postoperative complication.
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Each data point represents one hospital. The association between the proportion of patients admitted to critical care to
treat a complication and risk-adjusted mortality was estimated at the hospital level using a linear regression model with
the risk-adjusted mortality rate in each hospital as the outcome, and the proportion of patients admitted to critical care
to treat a complication in each hospital as a covariate. The proportion of patients admitted to critical care to treat a
complication was modelled using restricted cubic splines. For greater clarity of presentation, hospitals with >10% risk-
adjusted mortality rate have been censored at 10% in the graph. However, these values were not censored in the linear

regression model used to estimate the association.
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Figure 3. Risk-adjusted mortality following in-patient elective surgery in 468 hospitals
across 27 countries according to number of critical care beds as a proportion of total

hospital beds.
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Each data point represents one hospital. The association between critical care beds and risk-adjusted mortality was
estimated at the hospital level using a linear regression model with the risk-adjusted mortality rate in each hospital as the
outcome, and the proportion of critical care beds in each hospital as a covariate. The proportion of critical care beds was
modelled using restricted cubic splines. For greater clarity of presentation, hospitals with >10% risk-adjusted mortality
rate have been censored at 10% in the graph. However, these values were not censored in the linear regression model

used to estimate the association.
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Table 1. Baseline patient characteristics according to national income status (high vs. low
and middle income countries), and level of care immediately following surgery (critical

care vs standard hospital ward).
Data presented as median (IQR) or n (%).

Low & middle High income Admitted to critical | Admitted to ward
income countries countries care after surgery after surgery
(n=15,806) (n=29,008) (n=4360) (n=39,935)
Age (years) 51 (39, 63) 60 (46, 71) 63 (52, 73) 56 (42, 68)
Male 6931 (44) 13,527 (47) 2505 (57) 17,716 (44)
ASA score
I 5104 (32) 6123 (21) 300 (7) 10,733 (27)
Il 8662 (55) 13,603 (47) 1244 (29) 20,806 (52)
1] 1849 (12) 8344 (29) 2256 (52) 7849 (20)
v 180 (1) 858 (3) 553 (13) 473 (1)
Metastatic cancer 297 (2) 1409 (5) 316 (7) 1373 (3)
At least one co- 6488 (41) 19,590 (68) 3551 (81) 22,329 (56)
morbidity
Surgical procedure
Orthopaedic 2549 (16) 6910 (24) 329 (8) 9034 (23)
Breast 622 (4) 916 (3) 22 (1) 1499 (4)
Obstetrics & 2213 (14) 3461 (12) 154 (4) 5466 (14)
gynaecology
Urology &
kidney 1632 (10) 3239 (11) 186 (4) 4644 (12)
__Upper gastro- 709 (4) 1277 (4) 310 (7) 1653 (4)
intestinal
_ Lower gastro- 974 (6) 2099 (7) 277 (6) 2757 (7)
intestinal
Hepato-biliary 1216 (8) 1066 (4) 207 (5) 2058 (5)
Vascular 413 (3) 1186 (4) 255 (6) 1337 (3)
Head & neck 2680 (20) 3830 (13) 632 (15) 5835 (15)
Plastics &
412 12 4 1(1 1579 (4
cutaneous (3) >8(4) >1(1) 579 (4)
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Cardiac 294 (2) 1422 (5) 1488 (34) 228 (1)
Thoracic 417 (3) 740 (3) 271 (6) 874 (2)
Other 1671 (11) 1599 (6) 178 (4) 2968 (7)
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Table 2. Hospital and patient level characteristics for high vs. low and middle income

country.

Data presented as mean (SD), median (IQR) or n (%). Critical care capacity is calculated as the ratio of critical

care beds to the total number of hospital beds.

Low & middle income
countries

High income countries

Hospital resources

Number of hospital beds

825 (412 - 1318)

570 (361 - 835)

Number of critical care beds

25 (12 - 45)

20 (11 - 37)

Critical care capacity

2.8% (1.5% - 4.8%)

3.6% (2.4% - 5.9%)

Critical care use

Number of patients with complication(s)

1760 (11%)

5748 (20%)

Direct admission to critical care after surgery

1046 (7%)

3271 (11%)

Critical care admission following a complication

299/1749 (17%)

878/5669 (15%)

Length of hospital stay

Post-Anaesthetic care unit stay (hours) 2.1(6.8) 2.1(3.4)
Hospital (days) 6.6 (5.6) 4.7 (5.5)
Critical care stay for planned admissions (days) 2.3(3.5) 2.8 (4.5)
Critical care stay to treat complications (days) 4.2 (5.3) 5.8 (7.4)
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Table 3. Crude and risk adjusted mortality for patients according to admission directly to

critical care after surgery.

Data presented as n (%) and odds ratios (OR). OR were estimated using mixed-effects logistic regression

models, with a random-intercept for country. Patients with missing baseline covariates or with missing data

on critical care admission after surgery were excluded from the analysis. In total, 43,883/44,814 (98%)

patients were included in the analysis. p-value for interaction assesses whether the OR differs between low

and middle income countries and high income countries.

24

Mortality amongst

Mortality amongst

patients admitted to | patients admitted to Risk-adjusted odds p-value for
standard ward after critical care after ratio (95% Cl) interaction
surgery (n=39566) surgery (n=4317)
Overall 99 (0.3%) 103 (2.4%) 3.01(2.10-5.21) -
Low & middle income countries 25 (0.2%) 29 (2.8%) 4.68 (2.56 - 8.57) -
High-income countries 74 (0.3%) 74 (2.3%) 2.50 (1.65 - 3.78) 0.07
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