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ABSTRACT

INTRODUCTION Introduced originally to stratify risk for developing decubitus ulcers, the Waterlow scoring system is recorded
routinely for surgical admissions. It is a composite score, reflecting patients’ general condition and co-morbidities. The aim of
this study was to investigate whether the Waterlow score can be used as an independent surrogate marker to predict severity
and adverse outcome in acute pancreatitis.
METHODS In this retrospective analysis, a consecutive cohort was studied of 250 patients presenting with acute pancreatitis,
all of whom had their Waterlow score calculated on admission. Primary outcome measures were length of hospital stay and mor-
tality. Secondary outcome measures included rate of intensive care unit (ICU) admission and development of complications
such as peripancreatic free fluid, pancreatic necrosis and pseudocyst formation. Correlation of the Waterlow score with some
known markers of disease severity and outcomes was also analysed.
RESULTS The Waterlow score correlated strongly with the most commonly used marker of disease severity, the Glasgow score
(analysis of variance, p=0.0012). Inpatient mortality, rate of ICU admission and length of hospital stay increased with a higher
Waterlow score (Mann–Whitney U test, p=0.0007, p=0.049 and p=0.0002 respectively). There was, however, no significant
association between the Waterlow score and the incidence of three known complications of pancreatitis: presence of peripancre-
atic fluid, pancreatic pseudocyst formation and pancreatic necrosis. Receiver operating characteristic curve analysis demon-
strated good predictive power of the Waterlow score for mortality (area under the curve [AUC]: 0.73), ICU admission (AUC:
0.65) and length of stay >7 days (AUC: 0.64). This is comparable with the predictive power of the Glasgow score and C-reac-
tive protein.
CONCLUSIONS The Waterlow score for patients admitted with acute pancreatitis could provide a useful tool in prospective
assessment of disease severity, help clinicians with appropriate resource management and inform patients.
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Acute pancreatitis is a common worldwide surgical presen-
tation with an annual incidence of 150–420 cases per million
population.1 The spectrum of disease severity ranges from a
mild condition (no local or systemic complications or secon-
dary organ failure), through moderate (local or systemic
complications and/or transient organ failure) to severe (per-
sistent single or multiple organ failure with consequent
mortality).2 Although the aetiology and pathophysiology of
this condition have been studied extensively, outcome still
remains unpredictable and it imposes a large burden on cur-
rent clinical practice.3 While mild pancreatitis usually
resolves spontaneously with basic supportive care alone,
moderate and severe disease typically requires significantly
more intensive management, often necessitating admission
to critical care units.4 Mortality is uncommon in mild pan-
creatitis but may reach up to 50% in severe episodes.5–7

Clearly, early prediction of disease severity in acute pan-
creatitis is important as this will guide management and

determine optimum escalation of care. However, this has
proved to be difficult in the absence of any established sin-
gle reliable disease and patient specific surrogate markers.
Several parameters have been studied including haematoc-
rit, arterial pH, base deficit, glomerular filtration rate,
blood urea nitrogen, melatonin and C-reactive protein
(CRP), with conflicting results.8–11 None of these have
shown strong predictive power for estimating the severity
of acute pancreatitis reliably.5,12

In order to address this problem, a number of composite
scoring systems have been developed. Ranson, Glasgow
and Acute Physiology and Chronic Health Evaluation II
(APACHE II) scores are well established clinical tools used
for diagnosing disease severity.10,13 Of these, the latter was
originally introduced to assess conditions for patients being
admitted to the intensive care unit (ICU) and is a general-
ised system for recognising any critically ill patient.13 The
limitations of these scoring systems include their
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complexity, which makes them difficult to deal with in
acute situations, and their relative lack of clinical effective-
ness in the presence of other patient specific, pre-existing
confounding factors.5 Owing largely to its cumbersome
nature, APACHE II scoring has often been omitted in acute
situatons.13

Developed in 1985, the Waterlow scoring system is used
by nursing staff to determine the risk of developing pres-
sure sores in many hospitals.14 Use of this score has been
implemented widely in the National Health Service.14,15 In
our institution, there is a protocol driven target of 100% of
patients having their scores recorded within six hours of
admission. Previous reports have suggested that the Water-
low score correlates with disease severity and outcome in
acute surgical emergencies.15–17 This study sought to
establish whether this score might be an effective surro-
gate tool for assessing the severity of acute pancreatitis,
risk of associated disease specific complications, need for
escalation of treatment and, finally, mortality risk.

Methods

In this single centre retrospective study, data were
reviewed from all patients admitted to our institution with
acute pancreatitis between December 2010 and September
2013. Primary outcome measures were length of hospital
stay and mortality. Secondary outcome measures included
ICU admission and development of complications such as
presence of peripancreatic inflammation, free intraperito-
neal fluid, necrosis of the pancreas and pancreatic pseudo-
cyst formation. All patients admitted with a clinical
diagnosis of pancreatitis were included except those with a
previous or current diagnosis of chronic pancreatitis. With
these criteria, a consecutive series of 250 patients was
identified.

The Waterlow score is recorded routinely by nursing
staff on the day of admission and stored electronically.
Mortality data and blood results (CRP 48 hours following
admission) were taken from patients’ electronic records.
Computed tomography (CT) is carried out routinely at 7–
14 days after admission to screen for complications and the
presence or absence of disease specific complications
(presence of peripancreatic free fluid, pancreatic pseudo-
cyst formation and pancreatic necrosis) was extracted from
radiologists’ reports. The Glasgow score is not stored rou-
tinely in patient records but was available for some
patients (106/250, 42.4%).

Statistical analysis

Statistical analysis was carried out with Prism® version 6
(GraphPad Software, La Jolla, CA, US) and Excel® (Micro-
soft, Redmond, WA, US). Non-parametric tests (Mann–
Whitney U test, analysis of variance [ANOVA]) were used to
analyse continuous score data. Categorical data were com-
pared with Fisher’s exact test. The predictive power of the
Waterlow score was investigated with receiver operating
characteristic (ROC) curves, using area under the curve
(AUC) and likelihood ratios.

Results

Our cohort included 250 patients admitted with acute pan-
creatitis. The median age was 66.5 years (interquartile
range: 50.0–77.8 years). Patients had a median length of
stay of 7 days (range: 1–156 days); 8.4% of patients were
admitted to the ICU and the overall inpatient mortality rate
was 8.0% (Table 1). CT data were available for 223
patients, data on ICU admission for 226 patients, CRP levels
for 233 patients and Glasgow scores for 106 patients.

The relationship was examined between the Waterlow
score and the Glasgow score, the most widely used marker
of pancreatitis severity. A strong correlation was found
(ANOVA, p=0.0012; Fig 1). Inpatient mortality, rate of ICU
admission and length of hospital stay increased with a
higher Waterlow score (Fig 2). Mann–Whitney U tests dem-
onstrated a statistically significant association between the
Waterlow score and inpatient mortality (p=0.0007), ICU

Table 1 Patient characteristics (n=250)

Age

Median 66.5 years

Range 18–92 years

IQR 50.0–77.8 years

Length of stay

Median 7 days

Range 1–156 days

IQR 4.0–11.0 days

Inpatient mortality 8.0%

Admitted to ICU 8.4%

IQR = interquartile range; ICU = intensive care unit
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Figure 1 Relationship between Waterlow score and Glasgow
score
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admission (p=0.049) and length of stay (p=0.0002) (Fig 3).
There was no significant association between the Waterlow
score and any of the CT findings studied (peripancreatic
free fluid, pancreatic pseudocyst formation or pancreatic
necrosis).

In order to determine whether Waterlow score on
admission can be used to predict severity of pancreatitis,
ROC curves were analysed for mortality, ICU admission
and length of stay (Fig 4). This demonstrated good

predictive power for mortality (AUC: 0.73, 95% confidence
interval [CI]: 0.59–0.86, p=0.0007), ICU admission (AUC:
0.65, 95% CI: 0.50–0.80, p=0.049) and length of stay >7 days
(AUC: 0.64, 95% CI: 0.57–0.71, p=0.0002).

A Waterlow score of 15 has been used previously as a
cut-off point to categorise patients into high and low risk
groups for pressure ulcer development.14 This threshold
was also adopted to split our population for subsequent
analysis. Fisher’s exact test was used to compare these two
groups (Table 2). A Waterlow score of ≥15 was associated
with significantly higher mortality (odds ratio [OR]: 7.23,
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Figure 2 Relationship between Waterlow score and inpatient
mortality rate (A), rate of intensive care unit (ICU) admission
(B) and length of hospital stay (C)
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Figure 3 Association between Waterlow score and inpatient
mortality (A), intensive care unit (ICU) admission (B) and length
of stay (C)
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p<0.0001), a higher chance of ICU admission (OR: 3.68,
p=0.011) and a higher chance of a hospital stay of more
than 7 days (OR: 3.11, p=0.0003).

Finally, the predictive power of the Waterlow score was
compared with two known measures of pancreatitis
severity: CRP at 48 hours following admission and Glasgow
score. ROC curve analysis (Figs 5 and 6) and comparison
of AUC (Table 3) showed that the Waterlow score is com-
parable with CRP and the Glasgow score in predicting mor-
tality (AUC 0.73 vs 0.66 vs 0.62 respectively), ICU
admission (AUC 0.65 vs 0.87 vs 0.68 respectively) and

length of hospital stay >7 days (AUC 0.64 vs 0.79 vs 0.65
respectively).

Discussion

The incidence of pancreatitis in the UK continues to rise,18

both as a knock-on effect of the increasing prevalence of
gallstone disease and as a result of persistently high levels
of alcohol consumption. Pancreatitis as a clinical entity can
range from a mild, self-limiting condition to a severe ill-
ness with marked systemic upset and considerable
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Figure 4 Receiver operating characteristic curves for Waterlow
score and inpatient mortality (A), intensive care unit (ICU)
admission (B) and length of stay (C)

CRP – Length of stay >7 days

100

C

Se
ns

iti
vi

ty
 %

100% – Specificity %

50

0
0 50 100

CRP – ICU admission

100

B

Se
ns

iti
vi

ty
 %

100% – Specificity %

50

0
0 50 100

100

A
CRP – Mortality

Se
ns

iti
vi

ty
 %

100% – Specificity %

50

0
0 50 100

Figure 5 Receiver operating characteristic curves for C-reac-
tive protein (CRP) levels and inpatient mortality (A), intensive
care unit (ICU) admission (B) and length of stay (C)
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consequent morbidity and mortality. ICU admission is com-
mon (8.4% in our patient group) and the condition is fre-
quently fatal (8.0% in our patient group; reported mortality
rates elsewhere range from 5% to 30%).5

While the diagnosis of pancreatitis is relatively straight-
forward (characteristic clinical picture together with raised
serum amylase or lipase, with or without imaging find-
ings), predicting severity is more difficult. The Glasgow
scoring system predicts severity by measuring nine varia-
bles: age, white cell count, glucose, lactate dehydrogenase,
aspartate transaminase/alanine transaminase, urea, cal-
cium, PaO2 and albumin. It has been shown to predict
mortality and morbidity accurately10 but it is complex and
relatively expensive to measure (requiring an arterial
blood gas sample and enzyme assays). It is therefore not
measured routinely and it was recorded for only 106 of the
250 patients in this study.

Ranson’s criteria assess age, white cell count, glucose,
lactate dehydrogenase and aspartate transaminase on
admission, together with haematocrit, urea, calcium, PaO2,
base deficit and fluid sequestration at 48 hours.5 This scor-
ing system is similarly difficult to implement. CRP has also
been investigated as a means of predicting severity. CRP at
48 hours following admission is the most commonly
reported measure, with values of >150mg/l indicating poor
prognosis.5 While easier to measure, this involves a delay
of 48 hours from admission before severity can be assessed
(similar to the Ranson score) as CRP values at earlier time-
points are less well correlated with prognosis. In recent
years, there has been a move to introduce simpler systems
for severity scoring (eg procalcitonin measurement and the
bedside index for severity in acute pancreatitis). None of
these have yet gained widespread acceptance.

The Waterlow score was first introduced in 1985 as a tool
to screen for patients at risk of developing decubitus ulcers
during inpatient stays.14,15 Its use has since become
accepted as a standard of care in the majority of UK hospi-
tals.14,19 Pressure ulcer prevention remains a priority for
nursing staff and as a result, there is a strong drive to record
Waterlow scores for all patients on admission. In our patient
group, 100% of patients had their Waterlow score assessed
within 24 hours of admission. The Waterlow score is simple
to calculate and shows good intraoperator reliability.19

Previous authors have shown that the Waterlow score can
be used to predict inpatient mortality and morbidity for
selected groups of patients.15,17 We have extended this work
by showing that Waterlow score on admission may be used
as a severity predication tool for acute pancreatitis, and that
it compares favourably with both CRP and the Glasgow
score. Consequently, the Waterlow score may represent a
useful means of rapidly predicting severity of pancreatitis
that could be integrated easily and cheaply into the routine
surgical admission process. This information could enable
clinicians to prepare resources and inform patients. Identify-
ing a high risk patient group is also helpful as it may allow
this group to be given priority when arranging follow-up
investigations or procedures (eg listing patients for chole-
cystectomy in cases of gallstone induced pancreatitis).

The overall inpatient mortality rate in our cohort was
8.0%. Using the Waterlow cut-off of 15 for identifying high
risk patients provides a likelihood ratio of 2.27, correspond-
ing to a post-test probability of mortality of 16.5%. This cut-
off is clearly useful for identifying patients at significantly
increased risk of death, who would therefore be candidates
for more intensive monitoring and/or management.

Study limitations

The results presented here have some limitations. Notably,
although the Waterlow score has been shown to be rela-
tively robust to interoperator variability, it does involve an
element of subjectivity, which could limit its wider applic-
ability in risk and/or severity assessments. Additionally,
this was a relatively small, single centre study and these
effects need to be studied in a larger patient group, ideally
with a prospective study design. Nevertheless, the findings
do suggest that routine consideration of Waterlow scores in
patients admitted to hospital with acute pancreatitis could
provide a useful adjunct to the clinical and biochemical
tools currently used to assess severity.

Conclusions

The Waterlow score for patients admitted with acute pan-
creatitis could provide a useful tool in prospective assess-
ment of disease severity, help clinicians with appropriate
resource management and inform patients.

Table 2 Discriminatory power of Waterlow score (cut-off ≥15) in predicting inpatient mortality, ICU admission and LOS

Outcome Sensitivity

(95% CI)

Specificity

(95% CI)

Relative risk

(95% CI)

Odds ratio

(95% CI)

Likelihood

ratio

p-value

Inpatient mortality 0.80 0.65 1.23 7.23 2.27 <0.0001

(0.74–0.85) (0.41–0.85) (1.07–1.41) (2.73–19.14)

ICU admission 0.95 0.17 1.62 3.68 1.14 0.011

(0.90–0.98) (0.09–0.29) (1.00–2.62) (1.41–9.58)

LOS >7 days 0.85 0.35 1.79 3.11 1.32 0.0003

(0.78–0.90) (0.27–0.45) (1.25–2.57) (1.70–5.71)

ICU = intensive care unit; LOS = length of stay; CI = confidence interval
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score and inpatient mortality (A), intensive care unit (ICU)
admission (B) and length of stay (C)

Table 3 Comparison of the ability of three scoring systems
to predict inpatient mortality, intensive care unit admission
and length of stay

Number

of cases

AUC (95% CI) p-value

Inpatient mortality

Waterlow score 250 0.73 (0.59–0.86)0.0007

CRP at 48h 233 0.66 (0.52–0.79)0.021

Glasgow score 106 0.62 (0.39–0.85)0.288

Intensive care unit admission

Waterlow score 222 0.65 (0.50–0.80)0.049

CRP at 48h 209 0.87 (0.79–0.95)<0.0001

Glasgow score 96 0.68 (0.51–0.85)0.080

Length of stay >7 days

Waterlow score 249 0.64 (0.57–0.71)0.0002

CRP at 48h 232 0.79 (0.73–0.85)<0.0001

Glasgow score 106 0.65 (0.55–0.75)0.0081

AUC = area under the curve; CI = confidence interval;
CRP = C-reactive protein
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