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Background

Malnutrition has been associated with adverse postoperative outcomes in a range of
procedures but none have evaluated the interaction between clinical indicators of
malnutrition. We aimed to comparatively evaluate how combinations of nutritional
parameters impact postoperative outcomes among patients undergoing major

cancer operations.

Methods

Major abdominopelvic cancer surgery cases (colectomy, cystectomy,
esophagectomy, gastrectomy, hysterectomy, nephrectomy, pancreatectomy,
pneumonectomy and prostatectomy) were identified in the ACS-NSQIP database
from 2007-2016. Malnutrition was defined by the presence of the following
parameters: BMI <18.5 kg/m?; preoperative serum albumin <3.0 g/dL or more than
10% weight loss in the last 6 months. Malnourished cases were matched with cases
with satisfactory nutritional status using propensity scores. The primary outcome

was the incidence of Clavien llI-IV complications.

Results
Of the 30,207 cases included, 8.5% had at least one marker of malnutrition. The
incidence of Clavien IlI-IV complications across all cases was 5.8%. In the matched

cohort, malnourished cases had a higher rate of complications than those with
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adequate nutritional status (11.3% vs 9.6%, p=0.018). A correlation was observed
between the number of malnutrition markers possessed and the incidence of Clavien
l1I-V complications. Cases with all three makers had the highest likelihood of

experiencing a complication [OR 5.47, 95%Cl 1.85-16.17].

Conclusion

Poor nutritional status confers an increased risk of major postoperative
complications and being discharged to a facility in non-upper gastrointestinal cancer
patients. There was a correlation between the number of malnutrition parameters

and the risk of complications.
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Introduction

It is estimated that approximately 31% of all individuals admitted to a hospital for
any cause are malnourished, with cancer patients experiencing even higher rates
due to the systemic nature of malignancy(1, 2). Malnutrition has a multitude of
clinical implications having been demonstrated to adversely affect mortality,
morbidity and length of hospital stay amongst heterogeneous populations of surgical
patients(3). However, there is considerable disparity in the assessment of
malnutrition. Formal assessments such as the Nutritional Risk Screening and
Malnutrition Universal Screening Tool have been utilized by a number of studies to
measure nutritional status but they are infrequently employed in the clinical
setting(4). Similarly, although sarcopenia has been associated with poor nutritional
status, its assessment in routine practice is complicated(5). It is more common for
patient characteristics such as low BMI, hypoalbuminemia and a loss of weight to
form the basis of clinical assessment(6). In fact, these three parameters are
endorsed as the metrics for perioperative nutritional assessment in geriatric patients
by the American Geriatric Society best practice guidelines(7). However, there have
been conflicting reports regarding the association, or lack thereof, between these
factors and surgical outcomes(8, 9). Therefore, their utility in clinical practice as an
indicator of malnutrition is debated. Furthermore, to the authors’ knowledge, no

study has evaluated these parameters in the context of surgical outcomes of
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patients with abdominopelvic cancers. Accurate nutritional assessment is of
particular importance in major oncological cases where there is a relatively high risk
of complications due to the complexity of the procedure and thus optimizing

nutritional status has the potential to improve outcomes.

This study aimed to assess the prevalence of malnutrition as determined by the
presence or absence of one or more of the three clinical parameters amongst

patients undergoing major cancer surgery and its impact on outcomes.

Materials and Methods

Database and Patients

The American College of Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) database is a prospective, multi-institutional program that records
healthcare information for a random sample of surgical procedures at each site.
Over 600 centers in the United States contribute information to the program. In
addition to preoperative data, post-operative outcomes for up to 30 days following
surgery are captured in the database. Clinical reviewers who undergo extensive
modular training and annual certification obtain information directly from clinical
records input data at each site. The recorded data is audited and has been shown to

be highly reliable with only a 2.3% disagreement rate(10).
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The ACS-NSQIP Participant Data Use File from 2005 to 2016 was queried for elective
cases of colectomy, cystectomy, esophagectomy, gastrectomy, hysterectomy,
nephrectomy, pancreatectomy, pneumonectomy and prostatectomy using Current
Procedural Terminology (CPT) codes (Appendix 1). The reason for choosing these
procedures is that they have been adopted in other large studies examining major
cancer surgery and, a subset of these procedures has been commonly used by the
LeapFrog group (an initiative aiming to improve care and patient decision-making by
publically reporting critical safety and quality information) as procedures to
ascertain quality outcomes at the hospital level. These procedures were specifically
chosen because the outcomes of these high-risk procedures have been strongly
associated with quality of care(12). Only those procedures with a concomitant
diagnosis of cancer based on International Classification of Diseases coding were
included in the study (Appendix 1). Cases with metastatic disease were excluded

from this study.

Patients were stratified into groups based on the presence of a combination of
malnutrition markers: BMI <18.5 kg/mz, preoperative serum albumin <3.0 g/dL or
more than 10% weight loss in the last 6 months. These metrics are endorsed by The
European Society for Clinical Nutrition and Metabolism as ideal for assessment of

malnutrition(13).
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Outcomes

Postoperative complications are recorded in NSQIP and graded according to the
Clavien-Dindo classification system. The correlation between each outcome
recorded in the database and Clavien grade has been described previously(14)
(Appendix 2). The primary endpoint was the incidence of a major Clavien
complications defined as grade IlI-V. Discharge to a facility was evaluated as a

secondary endpoint.

Covariates
Demographic variables collected include age, gender and race. Other pre-operative
variables that were recorded in the dataset and uniformly coded throughout 2007-

2016 were included.

Statistical analysis

Indicators of malnutrition (BMI, serum albumin and weight loss) were re-coded as
dichotomous variables according to parameters described above to denote the poor
nutritional status. Propensity score analysis was performed to address differences in
baseline characteristics between individuals that are malnourished and those that
are not. The propensity score was developed by including all pre-operative patient

characteristics and procedure type. Matching was performed using the nearest
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neighbour technique in a 2:1 ratio. The balance of baseline characteristics between
the groups was assessed both numerically and graphically. The difference in Clavien
I1I-V complications between the two groups were compared between those meeting
the definition of being malnourished and those who do not. Subgroup analysis,
including repeating the matching process, was performed on upper gastrointestinal
cases that have been described to potentiate malnutrition (esophagectomy,

gastrectomy and pancreatectomy) compared to the remaining procedures(3).

To test whether the number of parameters correlated to severity of malnutrition,
the incidence of complications between individuals that possessed none to all three
malnutrition parameters were compared. Each combination of parameters was also

compared to further distinguish risk.

Continuous variables are reported as means or medians if not normally distributed
and compared with t tests. Categorical variables are reported as counts and
percentages and compared using x° tests. Multivariable regression analyses were
performed for the endpoints of interest. All p values were two-sided and the level of
significance set at 0.05. Analysis was performed using performed in R (R Foundation

for Statistical Computing, Vienna, Austria) version 3.4.

Results
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The cohort selection is outlined in Appendix 3. Missing data on one or more of the
malnutrition parameters was present in 19,008 cases of which albumin was the most
common (99.7%, n=18,946). Demographic characteristics for the 31,207 included

cases are outlined in Appendix 4.

Prevalence of malnutrition

Overall, 8.5% (n=2,665) had at least one indicator of malnutrition. The prevalence of
malnutrition for colectomy, cystectomy, esophagectomy, gastrectomy,
hysterectomy, nephrectomy, pancreatectomy, pneumonectomy and prostatectomy
was 8.7%, 5.4%, 28.1%, 15.0%, 2.4%, 4.9%, 26.2%, 7.2% and 0.6%, respectively.
Greater than 10% weight loss only in the preceding six months prior to surgery was
the most common malnutrition indicator experienced by 4.9% (n=1,499) of
individuals followed by hypoalbuminemia in 3.2% (n=1,008) and low BMI in 1.5%

(n=474).

Major complications

The overall incidence of Clavien I1l-V complications across all procedures was 5.8%
(n=1,825). There was a significant association between the prevalence of
malnutrition by procedure and the incidence of Clavien lll-V complication

(p=0.0113)(Figure 1). There was no difference in baseline covariates and propensity
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scores after the matching process (Appendix 5). Cases classified as malnourished had
a higher incidence of Clavien IlI-V complications compared to controls (11.3% vs
9.6%, p=0.018). This corresponded to an odds ratio (OR) of 1.34 [95%Cl 1.16-1.55].
Malnutrition was only significantly associated with non-upper gastrointestinal cases
(9.8% vs 5.9%, p<0.001; OR 1.73 [95%CI 1.35-2.20] but not upper-gastrointestinal

cases (12.9% vs 13.1%, p=0.85; OR 1.02 [95%Cl 0.82-1.23].

There was a significant association between the number of malnourished
parameters met and the incidence of Clavien IllI-V complications (Figure 2). Amongst
the unmatched cohort, the adjusted OR for experiencing a complication when
possessing one, two or three malnutrition parameters compared to none was 1.90
[95%Cl 1.65-2.19], 2.31 [95%C 1.61-3.32] and 5.47 [95%CI 1.85-16.17], respectively
(p<0.001). The multivariable results for each combination of parameters is outlined

in Table 1.

Secondary outcomes
The incidence of being discharged to a facility in cases with no, one, two or three
malnutrition parameters was 5.7%, 14.6%, 16.7% and 29.4%, respectively (p<0.001).

The multivariable results for each combination of parameters is outlined in Table 1.

10
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There was a higher incidence of being discharged to a facility amongst those
malnourished compared to those that had a satisfactory nutritional status (15.0% vs
11.6%, p<0.001). The corresponding OR was 1.34 [95%Cl, 1.16-1.55]. Similar to the
relationship observed with major Clavien complications, malnutrition was not
associated with rates of discharge to a facility amongst upper gastrointestinal cases
(16.1% vs 14.4%, p=0.19; OR 1.14 [95%Cl 0.94-1.39]) but did show a relationship in

the remaining cases (14.1% vs 9.6%, p<0.01; OR 1.54 [95%Cl 1.25-1.88]).

Discussion

The findings from this study support the association between malnutrition and
adverse surgical outcomes in non-upper gastrointestinal cancer cases(3). Given that
nearly one in ten patients possessed at least one marker of poor nutrition, it
suggests that malnutrition is a considerable issue amongst patients undergoing
major cancer surgery. It should be recognized that this could be an underestimate as
the weighted average of the prevalence of malnutrition in US and European studies
has been reported to be 31.4%(1). Using similar parameters to define nutritional
status, albeit with a more lenient definition of hypoalbuminemia, Gregg and
colleagues reported a prevalence of 19% amongst patients undergoing radical

cystectomy for bladder cancer(15). Additionally, cancer patients have been observed

11
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to have higher rates of poor nutrition(16). However, considering cases in our study
were deemed to be satisfactorily fit for major cancer surgery, they may represent a
‘healthier’ subgroup of all cancer patients, which may explain the discrepancy in
malnutrition prevalence rates. Furthermore, the difference in the reported burden
of malnutrition may also arise from the different definitions and assessments
used(17). Nonetheless, it is evident that poor nutrition encumbers a considerable
proportion of patients undergoing major cancer surgery and therefore is a factor

that should be screened for.

Hypoalbuminaemia has been recognized as a predictor of operative morbidity and
mortality in several trials(23, 24). The results from our study supported this with low
serum albumin significantly increasing the likelihood of all adverse endpoints.
However, it should be noted that there are some studies that have found no
association between hypoalbuminaemia and surgical outcomes(25). This could be
explained by the multitude of factors that can influence serum albumin levels and
the suggested lack of association to nutritional status(26). The phenomenon of
‘sarcopenic obesity’ where an increase in fat mass occurs concurrently with a loss of
skeletal muscle could explain the discrepancy between serum albumin levels and

nutritional status(5). Thus, the association observed between low albumin and

12
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adverse outcomes could be driven by factors other than malnutrition. Furthermore,
there is also a co-existing systemic inflammatory process seen in cancer patients may
be playing a role in the observed discordance in nutritional parameters and
outcomes(27). It is reported that up to 50% of patients have an acute-phase protein
response, including increased albumin, at the time of upper-gastrointestinal cancer
diagnosis(28). Hence, even patients with adequate nutritional status could have a

low serum albumin which could confound the results.

The discrepant results with hypoalbuminaemia and the potential for confounders
highlights the limitations of completely relying on clinical parameters to assess
malnutrition. The subjective global assessment of nutritional status is a validated,
reliable tool that can identify patients at nutritional risk and has been shown to be
predictive of complications in patients undergoing major abdominal surgery(30).
However, it is infrequently used during the pre-operative patient work-up due to
inadequate education of clinicians and the time required, compared to laboratory
markers. Similarly, anthropometric measurements and hand grip strength may be
better able to characterise nutritional status by assessing changes in muscle mass
and subcutaneous fat but require specialist equipment and assessment(31). As a

result, the parameters used in our study are often relied upon because they are

13
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accessible and do not add extra time burden. Nonetheless, improved education of
clinicians and pre-operative dietician assessment may facilitate more accurate

determination of nutritional status.

This study has a number of limitations. It is primarily limited by shortcomings of the
dataset, which only recorded postoperative outcomes up to 30 days following
surgery. We are also reliant on the accuracy of the database but NSQIP uses highly-
trained clinical reviewers and conducts regular audits to ensure data reliability.
There may be some degree of selection bias impacting the results of our study as a
considerable number of patients were excluded due to a missing nutritional measure
and these patients had different clinical characteristics (younger, had a greater mean
BMI, a lower mean NSQIP morbidity risk score, tended to be male, have a lower ASA
and a greater proportion undergoing prostatectomy, hysterectomy and
nephrectomy) and a lower occurrence of complications (3.9% vs 5.9%, p<0.001).
Furthermore, variables not recorded in the dataset but could have influenced
outcomes were unable to be accounted for, leading to unmeasured confounding
(e.g. surgical approach). It could also be suggested that exclusion of patients due to
missing values for nutritional parameters (primarily serum albumin) may
underestimate effect size because healthier patients who likely have a normal serum
albumin value are less likely to have this checked pre-operatively. The results may

also not be generalizable to institutions not participating in NSQIP as they may be

14
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intrinsically different to NSQIP-affiliated centres. Finally, this study is unable to
clearly determine whether the evaluated parameters reflect true malnutrition or is
related to the underlying disease process, which is an area that requires further

research.

Considering that resection generally needs to occur in a timely manner to provide
the best chance of oncological success, it may not be feasible to optimize nutritional
status pre-operatively in all patients classified as ‘malnourished’. However, by taking
into regard a combination of parameters, it may be possible to identify a sub-group
of patients most at risk of adverse post-operative events — for example, those who
have all markers of malnutrition (Figure 2) —and in whom the benefit of improving
nutritional status outweighs the risks of delaying surgery. Jie and colleagues
reported that abdominal surgical patients at severe nutritional risk who receive pre-
operative nutritional support had a lower rate of complications (25.6% vs

50.6%, p=0.008) and shorter length of stay than those that did not have their
nutritional status optimized(21). There was no observed effect of nutritional support
in patients with lower severity of malnutrition in this study. Delaying resection in
severe nutritional risk patients is supported by the ESPEN guidelines, however their
definition of ‘severe’ includes any individual with at least one of the poor nutrition

markers used in this study(22).

15
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Conclusion

Malnutrition burdens a considerable proportion of patients undergoing major cancer
surgery. Patients classified as being malnourished had a greater likelihood of
experiencing a major postoperative complication, having an extended duration of
admission and being discharged to a facility. Furthermore, clinicians can be better
informed by considering serum albumin, recent weight loss and BMI together rather
than individually when assessing nutritional status. Being able to predict discharge

destination may allow one to facilitate discharge planning at an earlier time point.
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Figure 1. Association between the prevalence of malnutrition and complication rate
(p=0.0113)

Legend: blue line represents linear regression line and surrounding shading
represents the 95% confidence interval

Figure 2. Incidence of Clavien IlI-V complication by the number of malnourished
parameters (p<0.001)
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Table 1. Multivariable logistic regression results for each combination of

malnutrition parameters

Clavien IlI-V complications

Discharge to a facility

Nutrition Status OR 95% Cl OR 95% ClI
Normal 1.00 1.00

Low albumin only 2.05 1.64-2.56 2.39 1.94-2.96
Low BMI only 1.54 1.02-2.31 1.55 1.06-2.27
Weight loss only 1.89 1.56-2.28 1.93 1.60-2.35
Low BMI & weight loss 2.69 1.49-4.84 3.07 1.71-5.49
Low albumin & weight 2.33 1.46-3.71 1.86 1.12-3.11
loss

Low albumin & BMI 0.72 0.09-5.54 2.66 0.91-7.84
Low albumin, BMI & 5.47 1.85-16.16 2.71 0.79-9.31
weight loss
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