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Abstract Purpose: Goal-directed
therapy in the perioperative setting
has been shown to be associated with
short-term improvements in outcome.
This study assesses the longer-term
survival of patients from a previous
randomized controlled trial of goal-

directed therapy in high-risk surgical p = 0.007]. Conclusions:

patients. Methods: All patients from
a previous randomized controlled
study were followed up for 15 years
following randomization to ascertain
their length of survival following
surgery. Factors that may be associ-
ated with increased survival were
evaluated to determine what influ-
enced long-term outcomes.

Results:  Data from 106 of the
original 107 patients (99%) were
available for analysis. At 15 years, 11
(20.7%) of the goal-directed therapy
patients versus 4 (7.5%) of the control

Introduction

group were alive (p = 0.09). Median
survival for the goal-directed group
was increased by 1,107 days (1,781
vs. 674 days, p = 0.005). Long-term
survival was associated with three
independent factors: age [hazard ratio
(HR) 1.04 (1.02-1.07), p < 0.0001],
randomization to the goal-directed
group of the study [HR 0.61 (0.4-
0.92), p = 0.02], and avoidance of a
significant postoperative cardiac
complication [HR 3.78 (2.16-6.6),
Long-
term survival after major surgery is
related to a number of factors,
including patient age and avoidance
of perioperative complications. Short-
term goal-directed therapy in the
perioperative period may improve
long-term outcomes, in part due to its
ability to reduce the number of
perioperative complications.

Keywords Long term outcome -
Surgery - Hemodynamics

Intensive care is an expensive and scarce resource, and it
is widely assumed that the care provided supports patients
whilst they are critically unwell in order to gain time for
recovery. There are few conditions that intensive care is
able to cure, and it therefore remains unclear whether the
interventions are able to influence and modify the
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underlying biology of the disease that brought the patient
into hospital.

Many high-risk surgical cases are admitted to an
intensive care environment in the perioperative period, on
both a planned and unplanned basis. Although some of
these admissions are as a direct result of the complexity of
the surgical procedure, it is more commonly due to the
patients having multiple comorbidities that limit their
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physiological reserve and render them at higher than
normal risk of postsurgical morbidity and mortality [1, 2].
Treatment of these patients focuses on improving car-
diovascular and respiratory status whilst at the same time
providing adequate analgesia. As part of this approach,
goal-directed hemodynamic therapy is increasingly used
to provide a rational series of goals for treatment.

There are many studies that have demonstrated that
goal-directed care in the perioperative period can reduce
subsequent mortality and morbidity associated with these
procedures [3—12]. There are few data, however, that
follow up these patients outside of a 28-day setting or
give any insight into whether these protocols simply aid
the recovery process, prevent complications, or can
actually modify the underlying biology and have a long-
term impact on survival.

The hypothesis of this study is that goal-directed
therapy in the perioperative period will reduce the com-
plication rate and mortality seen in the short term, but is
unlikely to have a disease-modifying impact, thus ren-
dering ultimate survival down to the underlying disease
process. In order to assess this hypothesis we decided to
carry out a long-term (15 years) follow-up analysis of an
interventional randomized controlled trial in perioperative
patients on the Intensive Care Unit. We expected to see
that, although the short-term mortality was improved with
the protocol, over time this effect would decrease as the
underlying condition with which the patient presented had
a more significant impact on life expectancy.

Methods

This study was approved by the Wandsworth Research
Ethics Committee on the proviso that no patients or their
families would be contacted. This study is a long-term
follow-up of patients who were entered into a randomized
controlled trial at St George’s Hospital from November
1990 to May 1992 into the effects of a deliberate peri-
operative increase in oxygen delivery for patients
undergoing high-risk surgery (see the Electronic Supple-
mentary Material, ESM) [4]. In that study 107 patients
were randomized preoperatively to receive either goal-
directed augmentation of their cardiorespiratory systems
to try and achieve global tissue oxygen delivery of
600 ml/(min m? body surface area) or to receive best
possible perioperative care in an intensive care unit within
the knowledge and care of best practice at that time.
For the present study, survival status and where
applicable date of death of all patients from the original
study were determined from individual patient National
Health Service (NHS) hospital records and a subsequent
query of the NHS registry database using the patient’s
specific NHS numbers as the identifying code. These
dates were then corroborated by cross-checking dates of

death with the UK National Registry for births, deaths,
and marriages. The survival status of those identified as
being alive at the time of the follow-up was then further
cross-referenced with existing general practice records to
confirm whether or not the patient was still alive.

Statistical analysis

All data are presented as mean (standard deviation) when
normally distributed, and median (interquartile range)
when not. Normality was assessed with the D’ Agostino—
Pearson test. Differences between discrete variables were
assessed with Fisher’s exact test. Survival analysis was
performed by constructing Kaplan—Meier curves, with
data censored at 15 years (5,479 days) following the date
of enrolment of the last patient into the original study.
The log-rank (Mantel-Cox) test was used to assess dif-
ferences between survival curves.

In order to identify factors independently associated
with survival, a Cox regression model was constructed.
The following variables were tested to see if they were
significantly associated with survival: age, sex, body mass
index, postoperative Acute Physiology and Chronic
Health Evaluation (APACHE) II score, study arm, dura-
tion of hospital stay, development of perioperative
complication, immediate postoperative mixed venous
oxygen saturation, oxygen delivery, and lactate. In addi-
tion, any of these variables that had a probability of being
associated with survival of <0.05 were then added into a
Cox multiple regression model. To ascertain whether or
not the previously demonstrated effects of short-term
survival benefit impacted on longer-term longevity, the
survival analysis was repeated using 28 days post ran-
domization as the baseline point. These data are presented
as a hazard ratio (HR) together with its 95% confidence
interval (CI).

Results

One hundred seven patients were enrolled into the original
study, and all were included in the intention-to-treat
analysis for 28-day mortality. The study was stopped early
by the local research and ethics committee after 107
patients had been enrolled due to there being a significant
reduction in mortality in the protocol group (22.2 vs. 5.7%,
p = 0.015) at 28 days. The patients in the protocol group
had received therapy with the intention of increasing
global oxygen delivery to a value of over 600 ml/(min m?)
during the perioperative period. The levels of global
oxygen delivery were significantly higher in the periop-
erative period for the protocol patients (p < 0.001).
Further specific details of the protocol can be found in the
original publication [4]. At the time of randomization, the
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Fig. 1 Kaplan—Meier survival analysis of patients grouped accord-
ing to study arm (protocol or control)

two groups were well balanced in terms of baseline
demographics, operation type and numbers, and specific
high-risk criteria. There were similar proportions of pro-
tocol and control patients who underwent vascular surgery
(57 vs. 52%, p = 0.70) and major abdominal surgery
(32 vs. 37%, p = 0.69). Of particular note, both groups
also contained a similar number of patients undergoing
high-risk emergency procedures (40 vs. 31%, p = 0.42).
More details of the original study can be found in the
Electronic Supplementary Material.

Survival analysis from randomization

In this long-term follow-up study, outcome data were
available on 106 out of the original 107 patients (99%),
with 1 patient from the control group being lost to follow-
up. For further analysis there were therefore 53 patients in
each study arm. At 15 years post randomization there
were 11 (20.7%) patients alive in the protocol group and 4
(7.5%) in the control group (p = 0.09). The survival
curves for the 15 years following randomization showed a
significantly improved survival for protocol patients
(p = 0.005) (Fig. 1). The median survival for the protocol
group patients was increased by 1,107 days [1,781 vs.

674 days, HR 1.8 (95% CI 1.2-2.8), p = 0.005], or just
over 3 years (Table 1).

Data were also analyzed for all patients (protocol plus
control) together. The development of a postoperative
complication had a profound impact on long term survival.
When split into those with and without complications, there
was a significant survival advantage for those who did not
develop a perioperative complication [1,993 vs. 542 days,
HR 2.0(95% C11.3-3.0), p < 0.0001]. For those with renal
complications there were no survivors beyond 2,000 days,
and for those with cardiovascular complications beyond
3,000 days (Fig. 2). Patients in the control group had sig-
nificantly longer survival if they avoided complications in
the perioperative period [median survival of 1,868 vs.
116 days, HR 5.0 (2.6-9.9), p < 0.0001], whereas this was
not the case for the protocol patients [2,233 vs. 1,697 days,
HR 1.0 (0.6-1.9), p = 0.42] (Fig. 3).

The following factors were significantly associated
with survival on univariate analysis: age, body surface
area, baseline postoperative APACHE II score, study arm,
development of a postoperative complication, type of
surgery performed, and postoperative baseline oxygen
delivery index (ESM Fig. 1). On multiple regression
analysis using a Cox regression plot, the following vari-
ables remained independently associated with survival:
age [HR 1.04 (1.02-1.07), p < 0.0001], study arm [HR
0.61 (0.4-0.9), p = 0.02], and development of a signifi-
cant cardiac postoperative complication [HR 3.8 (2.2—
6.6), p < 0.0001] (ESM Fig. 2).

Survival analysis from 28 days post randomization

Fifteen patients died during the first 28 days following
randomization. At 28 days, data were available for 50
patients in the protocol group and for 41 in the control
group. At 15 years, 11 (22%) patients in the protocol
group and 4 (10%) in the control group were still alive
(» = 0.11). The protocol group had a consistently,
although nonsignificantly, increased survival (Fig. 4). The
median survival of the protocol group as compared with
controls was increased from 1,409 to 1,836 days [HR 1.43
(95% CI1 0.9-2.3), p = 0.18].

The development of a significant complication within
28 days of randomization had a major impact on longer-
term survival. Patients with a complication survived a

Table 1 Outcome data described as median survival in days together with the HR and its 95% confidence interval

Protocol Control HR 95% CI p
Survival from randomization 1,781 674 1.811 1.2-2.8 0.005
Survival from 28 days post randomization 1,836 1,409 1.433 0.9-2.3 0.18
No complication Complication HR 95% CI p
Survival from randomization 1,993 542 1.96 1.3-3.0 <0.0001
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Fig. 3 Survival curve analysis depending on the development or
not of a complication within 28 days of randomization according to
whether in the a control group or b the protocol group

factors to be independently associated with reduced
survival: increasing age at randomization [HR 1.04 (1.02-
1.07), p =0.002] and development of a significant
cardiac complication in the postoperative period [HR 2.50
(1.2-5.2), p = 0.013] (ESM Figs. 3 and 4).



Discussion

This long-term follow-up study of a randomized con-
trolled clinical trial into deliberate perioperative elevation
of oxygen delivery demonstrates an improvement in long-
term survival for those patients who underwent goal-
directed therapy. This could have implications when
assessing the economic benefits of short-term interven-
tions such as this, as the upfront resource costs can be
countered by the impact on longevity. This may have
implications for the assessment of future trials and of
critical care use for surgical patients.

The results suggest that there is a long-term survival
benefit for patients who underwent goal-directed resus-
citation of their cardiovascular system, with this group
having more than twice as many survivors 15 years after
the initial surgery. This difference was apparent at all
times during that period. Our results suggest that this
survival benefit was mainly due to the ability of the initial
therapy to reduce the number of postoperative compli-
cations in the goal-directed therapy group. In particular,
those patients who did not develop a postoperative cardiac
complication seemed to derive the greatest benefit.

The survival curves following randomization were
significantly different, suggesting that the effect of the
intervention may be longer-reaching than was previously
thought. In order to test this, we repeated the analysis,
resetting the baseline at 28 days. This has obvious
implications, as the two groups are not now equivalent
and other confounding factors may interact with our
model. The survival curves after this point were not sig-
nificantly different. The important point to consider is
that, if the intervention used in the trial was simply
delaying deaths, the analysis post 28 days would be
expected to show increased mortality for the protocol
group subsequent to this time point—or in other words
patients who did not die early would die later. It is of
course not possible to identify which patients have their
death simply delayed; however, this is not what we found.
In this study the survival curves, although not signifi-
cantly different, demonstrated the opposite effect, with
the goal-directed therapy group continuing to show a
benefit, suggesting that, if anything, the short-term benefit
was maintained for the entire 15-year follow-up period.

Our analysis found three factors to be associated with
increased long-term survival benefit: age, randomization
to protocol, and avoidance of a significant postoperative
complication. These three factors are independent of one
another, although they may not be mutually exclusive. For
instance, the patients randomized to the protocol group
developed fewer complications, and thus will have done
even better. The avoidance of a complication has a sig-
nificant impact on longevity, even if the patients were
randomized to an accepted standard of care. Importantly,
in the group of patients who did develop at least one

complication, randomization to the goal-directed group
was still associated with a positive effect on survival post
28 days. This is a very important finding. Indeed, while it
is not possible to predict with 100% accuracy which
patients will develop a complication, goal-directed ther-
apy appears to have an effect on long-term survival even
if it cannot completely avoid the development of a
complication.

Our results are in keeping with many larger datasets
that have followed up postoperative patients beyond the
traditional 30-day follow-up period, albeit not following a
goal-directed hemodynamic protocol [13, 14]. The defi-
nition of mortality from major surgery is absolutely clear,
but the definition and collection of data that relate to
perioperative complications are far less so, making com-
parisons across surgical technique and institutions
difficult [15]. Current estimates of postoperative compli-
cation rates in the developed world suggest that rates
between 3% and 17% may be reflective of current prac-
tice [16, 17]. In 2004 the cost of treating surgical
complications alone was an additional US $25 billion to
the US healthcare system [17]. Of note in the last few
years is the recognition of the long-term health con-
sequences/associations that result from perioperative
complications, with alarming reductions in life expec-
tancy. In 2005, Khuri et al. [14] reported a series of over
105,000 patients from the Veterans Affairs as part of the
National Surgical Quality Improvement Program
(NSQIP), showing a reduction in median life expectancy
of 69% for any 1 of 22 perioperative complications
experienced. The occurrence of a 30-day postoperative
complication was more important than any pre- or intra-
operative factors, even after excluding deaths at 30 days,
in predicating long-term survival after major surgery.
Although the largest study to date, similar effects are
being reported for various operations and complications,
suggesting a consistently negative impact on long-term
survival of perioperative complications [18, 19]. The
nature of the complication and the type of procedure has
generally been reflected in the degree to which life
expectancy has been affected. However, a recent report of
over 10,500 patients suggests that, even if perioperative
organ dysfunction completely resolves, there is still a
negative effect on/association with long-term survival
[20]. It is not illogical to assume that trying to reduce
perioperative complications would lead to significant
improvements in surgical outcome and possibly life
expectancy.

Our study has a number of significant limitations that
need to be borne in mind when interpreting the results.
Firstly, the original study was stopped early because of
excess mortality in the control group and only contained
107 patients, which limits the statistical power of our
results. Secondly the original study was not powered
beyond 30-day mortality and was not designed for



long-term follow-up. Thirdly the cause of death was not
established for each patient (due to the potential inaccu-
racy of death certification), only their survival status.

In conclusion, we have shown that short-term inter-
vention such as perioperative goal-directed augmentation
of global oxygen delivery may have longer-lasting effects
on survival than was previously considered. We believe
that it is possible that these effects are at least in part due
to their ability to reduce major complications in the per-
ioperative period. These techniques deserve greater study,

in particular to confirm this suggestion of a longer-term
impact on quality of life and longevity. Our study also
shows that critical care treatment can have much longer
beneficial health implications than those related to the
immediate physiological changes. This has important
implications for other treatment trials in critical care, and
must be borne in mind when critical care follow-up
studies, which tend to focus on various negative physio-
logical and psychological outcomes, are placed in a wider
health context.
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