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Purpose: To investigate the efficacy and accuracy of the Physiological and Operative
Severity Score for the enUmeration of Mortality and morbidity (POSSUM) and Portsmouth-
POSSUM (P-POSSUM) scoring systems in the risk assessment of postoperative complica-
tions and death in elderly patients undergoing hepatobiliary and pancreatic surgery.
Patients and Methods: Using POSSUM and P-POSSUM, 274 elderly patients undergoing
hepatobiliary and pancreatic surgery were evaluated, and the complications and deaths
predicted by the systems were compared with the actual situation. The accuracy and
predictive ability of POSSUM and P-POSSUM were evaluated using chi-squared and
t-tests, consistency of predicted and actual complication rates (observed/expected, OE
ratio), and receiver operating characteristic (ROC) curve.

Results: The complication rate predicted by POSSUM (R1) was 22.57%, while the actual
postoperative complication rate was 17.88% (P>0.05). The mortality rate predicted by
POSSUM (R2) was 4.61%, while the actual rate was 1.09% (P<0.05). The mortality rate
predicted by P-POSSUM (R) was 1.42%, while the actual rate was 1.09% (P>0.05). Patients
with complications had higher physiology scores (PS), operative severity scores (OS), and
POSSUM scores than those without complications (P<0.05). Furthermore, PS, OS, and
POSSUM scores were higher in the mortality group than in the survival group. However,
the number of individuals in the mortality group was too small to accurately reflect the
overall situation. Stratified analysis showed that consistency of the OE ratio in different
subgroups was close to 1. The ROC curve showed that the area under the curve for the
complication rate predicted by POSSUM was 0.76.

Conclusion: Although the postoperative mortality rate was higher than the actual value,
POSSUM could accurately predict the postoperative complication rate in elderly patients
undergoing hepatobiliary and pancreatic surgery. The P-POSSUM accurately predicted the
postoperative mortality rate in this population. Patients with complications had higher
POSSUM scores.

Keywords: POSSUM, P-POSSUM, elderly patients, postoperative complication rate,
mortality rate

Introduction
According to the World Health Organization’s reports, the world’s population is
aging.'

Moreover, China’s aging population is also growing in number. The proportion
of elderly patients undergoing surgery has also gradually increased. Various factors
such as aging, multiple chronic conditions, and generalized weakness, make the
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risks of postoperative complications and death among
elderly patients significantly higher than those among
younger patients. Particularly in cases of hepatobiliary
and pancreatic surgery, the trauma is generally significant,
and there tends to be more postoperative complications.
As the number of elderly patients undergoing hepatobiliary
and pancreatic surgery increases every year, surgeons must
address whether the elderly indeed require surgery and
identify ways to reduce perioperative risk in the elderly
to reduce the overall risk of postoperative complications
and death. Therefore, seeking and establishing an accurate
and effective preoperative assessment method is beneficial
to improving the safety of surgery, reducing risks, and
enhancing the quality of life among the elderly.

We used the Physiological and Operative Severity Score
for the enUmeration of Mortality and morbidity (POSSUM)
and Portsmouth-POSSUM (P-POSSUM) risk assessment
methods to calculate the rates of postoperative complications
and mortality, and postoperative mortality rate, respectively.
The POSSUM scoring system was established by Copeland
et al in 1991,* who used the preoperative physiological scores
and intraoperative surgical scores of patients to predict the rates
postoperative complications and mortality among patients, in
order to assess the risk of surgery. In 1996, Whiteley et al’
found that POSSUM overestimated the postoperative mortal-
ity rate, and they revised the statistical regression equation,
which was referred to as P-POSSUM. Thus far, POSSUM and
P-POSSUM have been studied in colorectal and orthopedic
fields,*” but no research has been reported in elderly patients
undergoing hepatobiliary and pancreatic surgery.

This study explored the safety of surgery in 274 elderly
patients admitted to our hospital for hepatobiliary and pancrea-
tic surgery. The POSSUM and P-POSSUM scoring systems
were used to predict the rates of postoperative complications
and mortality. Those rates were then compared with actual
conditions to determine both their clinical predictive ability
and whether the two systems could provide an effective
method for the surgical risk assessment of elderly patients
undergoing hepatobiliary and pancreatic surgery.

Patients and Methods

Clinical Information

The clinical data of 274 elderly patients treated at the Inner
Mongolia People’s Hospital of Hohhot, Inner Mongolia
China from October 2018 to
October 2019 were considered. This study was approved by

Autonomous Region,

the Medical Ethics Committee of Inner Mongolia People’s

Hospital (No.2018021), and its protocol was in accordance
with the principles of the Declaration of Helsinki.

The inclusion criteria were as follows: elderly patients aged
>60 years who underwent surgical treatment for hepatobiliary
and pancreatic diseases; provided informed consent for this
study; and agreed to attend follow-up evaluation 30 days after
the surgery. The exclusion criteria were: (i) patients in poor
physical condition, who could not tolerate the surgery; (ii)
patients who did not agree to participate in the study; and (iii)
interrupted postoperative follow-up owing to various reasons,
resulting in the inability to determine postoperative complica-
tions and patients mortality within 30 days of the operation. All
included patients and/or their families provided written
informed consent.

POSSUM and P-POSSUM

The POSSUM included 12 physiology scores (PS) and six
operative severity scores (OS). Each variable had a 4-level
classification, with increasing scores (1, 2, 4, 8). In the
absence of data, the assigned score was 1.** Specific
scoring rules are shown in Table 1. The preoperative
physiological indicators used the data closest to the time
of surgery. The elective surgical indicators were collected
within 24 h before the operation, and the emergency sur-
gical indicators were collected within 6 h before. The
intraoperative indicators were based on the surgical and
anesthesia records. Data were entered into the clinical
database by another group of non-medical professionals.
By substituting PS and OS into regression equations, the
POSSUM scoring system predicted the postoperative com-
plication rate (R1) and mortality rate (R2), and the
P-POSSUM predicted the postoperative mortality rate
(R). The calculation formula®® was as follows:

InR1/(1 —R1)=—5.91 4 0.16 x PS +0.19 x OS
InR2/(1 — R2)= — 7.04 + 0.13 x PS + 0.16 x OS

InR/(1 — R)= — 9.065 + 0.1692 x PS + 0.1550 x OS

By substituting the PS and OS of each patient into the
different regression equations above, we obtained the com-
plication risk coefficient and mortality risk coefficient pre-
dicted by POSSUM or P-POSSUM, and then converted the
risk coefficient into a percentage. Using the predicted com-
plication rate and mortality rate of each patient, we were able
to derive the overall predicted complication rate and mortal-
ity rate of all 274 patients.
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Table | Parameters Used to Calculate the POSSUM Score

Parameters Physiological Score
| 2 4 8
Age (years) <60 61-70 271
Cardiac signs No Diuretic, digoxin, antianginal, or | Peripheral edema, warfarin therapy, or Raised jugular venous
failure hypertensive therapy borderline cardiomegaly pressure or cardiomegaly
Respiratory signs No Dyspnea on exertion, mild Limiting dyspnea (one flight), moderate Dyspnea at rest (rate=30/
dyspnea | chronic obstructive airway chronic obstructive airway disease min), fibrosis or consolidation
disease
Systolic blood 110-130 | 131-170 2171 <89
pressure (mmHg) 100-109 90-99
Pulse (beats/min) 50-80 81-100 101-120 2|21
40-49 <39
Glasgow coma score | |5 12-14 9-11 <8
Hemoglobin (g/dL) 13-16 11.5-12.9 10.0-11.4 <9.9
16.1-17.0 17.1-18.0 =18.1
White cell count 4-10 10.1-20.0 220.1
(10°/L) 3.1-4.0 <3.0
Urea (mmol/L) <75 7.6-10.0 10.1-15.0 2|5.1
Sodium (mmol/L) 2136 131-135 126130 <125
Potassium (mmol/L) 3.5-5.0 3.2-34 2.9-3.1
5.1-5.3 54-59 4
Electrocardiogram Normal Atrial fibrillation (rate 60-90) Any other abnormal rhythm
or 25 ectopics/min or
Q waves or ST/T wave
changes
Operative severity score
Operative severity Minor Moderate Major Major+
Multiple procedures | 2 >2
Total blood loss (mL) [ <100 101-500 501-999 21000
Peritoneal soiling None Minor (serous fluid) Local pus Free bowel contest, pus, or
blood
Malignancy None Primary only Nodal metastasis Distant metastasis
Mode of surgery Elective Emergency resuscitation of > 2 Emergency (immediate

h possible, operation < 24 h after

admission

surgery <2 h needed)

Abbreviation: POSSUM, physiological and operative severity score for the enumeration of mortality and morbidity.

Observation Indicators

The actual postoperative complications and mortality data of
patients were recorded, and these were divided into the

complication group, mortality group, non-complication

group, and survival group. Complications were defined as

any event occurring within 30 days of surgery that required
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Table 2 Comparison of Predicted and Actual Values of POSSUM and P-POSSUM

Group Complication Rate (%) No. of Complications Mortality (%) No. of Deaths
POSSUM 22.57 62 4.61%* 13

P-POSSUM - - 1.42 4

Actual value 17.88 49 1.09

Note: *Indicates P<0.05 compared with actual value.

Abbreviations: POSSUM, physiological and operative severity score for the enumeration of mortality and morbidity; P-POSSUM, Portsmouth-

POSSUM.

treatment not routinely applied during the postoperative per-
iod. Patients who died within 30 days postoperatively were
recorded as dead. The postoperative complications and mor-
tality data were entered into a database and compared with
the POSSUM and P-POSSUM data.

The specific observation indicators were as follows: (i)
general condition of patients; (ii) complication rate and mor-
tality rate predicted by the scores; (iii) actual types of compli-
cations, complication rate, and mortality rate; (iv) comparisons
of PS, OS, and POSSUM data between the complication and
non-complication groups; (v) comparisons of PS, OS,
POSSUM data between the mortality and survival groups;
(vi) stratified analysis comparisons of the coincidence degree
(observed/expected, OE ratio) between the predicted and
actual complication rates in different subgroups; and (vii)
receiver operating characteristic (ROC) curve, which was
used to further evaluate the accuracy of POSSUM in predicting
complication rate.

Statistical Analysis

Statistical analysis was performed using the SPSS 20.0 soft-
ware (IBM,USA). Measurement data were expressed as mean
+ standard deviation (SD), and the non-parametric independent
sample #-test was used for comparison. The chi-squared test
was used for comparisons of countable data. The coincidence
degree (OE ratio) was compared between the predicted and
actual complication rates in different subgroups. The ROC
curve was plotted. P<0.05 was considered statistically
significant.

Results

General Condition of Patients

The mean age of the 274 patients (115 male and 159 female)
was 67.774£5.05 years (range: 60-82 years). The following
clinical conditions were diagnosed: chronic calculous chole-
cystitis (n=107); acute calculous cholecystitis (n=67); gallblad-
der perforation (n=6); common bile duct stones with

cholecystitis (n=48); acute obstructive suppurative cholangitis
(n=19); hepatic cysts (n=2); hepatic hemangioma (n=3); liver
abscess (n=2); hepatocellular carcinoma (n=4); gallbladder
carcinoma (n=3); bile duct carcinoma (n=06); pancreatic cancer
(n=4); traumatic liver rupture (n=2); and traumatic spleen
rupture (n=1).

Comparison of Predicted and Actual
Values of POSSUM and P-POSSUM

The POSSUM-predicted complication rate and actual rate
were 22.57% and 17.88%, respectively (P=0.1670,
7*=1.909). The POSSUM-predicted mortality rate and
actual rate were 4.61% and 1.09%, respectively
(P=0.0112, 5*=6.438). The P-POSSUM-predicted mortal-
ity rate was1.42% (P=0.7036, y*=0.1447) (Table 2).

Types and Incidence of Complications
Postoperative complications were classified, the number of
cases was counted, and the incidence was calculated. The
results are shown in Table 3.

Comparison of the Complication and

Non-Complication Groups

The PS score in the complication group was higher than that
in the non-complication group (P=0.0003, =3.872). The OS
score of the complication group was higher than that of the
non-complication group (P<0.0001, =5.733). The POSSUM
score of the complication group was also higher than that of
the non-complication group (P<0.0001, /=5.060) (Table 4).

Comparison of the Mortality and Survival

Groups

The PS, OS, and POSSUM scores in the mortality group were
higher than those in the survival group. However, because
there were only three deaths, the size of the mortality group
was too small to accurately reflect the overall situation
(Table 5).
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Table 3 Types, Number, and Incidence of Complications Table 4 Comparison of the Complication and Non-
. Complication Groups
Types No. of Complication Rate
Cases (%) Group No. of PS os POSSUM
Cases
Intestinal obstruction 2 0.73
p c fistula with | 037 Complication 49 18.55 12.10 + | 30.65 +
t t .
bf‘"cdr,ea e st wl group 498 2.64 6.74
cedne Non- 225 1567+ |979+ |2546¢
Pancreatic fistula | 0.37 complication 291%* 2.03* 4.14*
group
Arrhythmia 2 0.73
Note: *Indicates P<0.05 compared with the complication group.
Pleural effusion | 0.37 Abbreviations: PS, physiology score; OS, operative severity score; POSSUM,
physiological and operative severity score for the enumeration of mortality and
Postoperative bleeding 3 1.09 morbidity.
Acute renal impairment 2 0.73
Deep venous thrombosis 3 1.09 Table 5 Comparison of the Mortality and Survival Groups
Incision infection 5 1.82 Group No. of PS os POSSUM
. Cases
Cerebral infarction 2 0.73
Uri et s L& Mortality 3 29.33 & 17.67 + 47.00 +
tract t .
rinary tract infection group 7.36 2.49 5.89
Septic shock | 0.37 Survival 271 16.04 + 10.12 26.16
group 3.20 +2.18 4.60
Liver abscess | 0.37
Abbreviations: PS, physiology score; OS, operative severity score; POSSUM,
Liver dysfunction 5 1.82 physiological and operative severity score for the enumeration of mortality and
morbidity.
Peritoneal effusion 2 0.73
better the predictive effects. The results showed that the
Celiac infecti 2 0.73 T
eliac Infection AUC was 0.76, indicating that the POSSUM was accurate,
Pulmonary embolism I 0.37 to an extent, in predicting the complication rate (Figure 3).
Lung infection 5 1.82 . .
— : - Discussion
iliary fistula . . . . .
4 Elderly patients are a high-risk group for several diseases
Total 49 17.88 and comprise a significant proportion of the patients requir-

Stratified Analysis of the Predicted

Complication Rate

The POSSUM-predicted complication rate (R1) was stra-
tified, and the results showed that the predicted complica-
tion number and actual complication number in different
subgroups were similar. The consistency of the OE ratio
was close to 1, which suggests that POSSUM was more
accurate in predicting the complication rate in different
subgroups (Table 6, Figures 1 and 2).

ROC Curve for Predicting Complication
Rate with POSSUM

The ROC curve was used to further evaluate the accuracy
of POSSUM in predicting the complication rate. The clo-
ser the value of the area under the curve (AUC) to 1, the

ing surgical treatment. Surgeons should accurately evaluate
the risk of surgery according to the specific physical condi-
tion of each elderly patient, to determine the best time for
surgery. The ideal surgical scoring system should be simple,
reproducible, objective, and available to all patients, and
scoring should be based on preoperative risk factors rather
than intraoperative and postoperative data.” The main goal
of scoring should be to classify the patient’s risk before
surgery and determine the best specific treatment for the
patient. However, there is still no ideal scoring system that
can reliably predict surgical risk for the elderly.'*!!

Many scoring systems can predict the postoperative
mortality rate of patients, but few can predict the incidence
of complications. The application of POSSUM has more
advantages than other scoring systems because it can pre-
dict the incidence of complications while predicting the
mortality rate. Because some researchers have found that
POSSUM overestimates the mortality rate, Whitley et al
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Table 6 Stratified Analysis of Predicted Complication Rate
RI (%) | No. of Average Complication Predicted Number of Actual Number of o/

Cases Rate Complications Complications E

0-10 40 0.08 3 2 0.67
1120 119 0.14 17 14 0.82
21-30 | 48 0.26 12 8 0.67
3140 | 35 0.34 12 9 0.75
41-50 17 0.44 8 0.75
51-60 | 8 0.56 1.25
61-70 | 2 0.68 | | |
71-80 |2 0.77 2 | 0.5
81-90 | 0.83 [ | |
91-100 | 2 0.95 2 2 |
Total 274 - 62 49 -

Abbreviations: R, the complication rate predicted by the physiological and operative severity score for the enumeration of mortality and morbidity (POSSUM); OJE,

observed/expected.

modified the mortality risk formula to establish
a P-POSSUM score, which can more accurately predict
the mortality rate. Although P-POSSUM does not consider
all factors that may affect the results, it is still the most
common risk prediction model.'*'* Both POSSUM and
P-POSSUM are tools used to predict the risk of post-
operative complications or death, based on the patient’s
physiological status and severity of the operation.
However, whether POSSUM and P-POSSUM can accu-
rately predict the risk of surgery in elderly patients without
distinguishing between disease and surgery type, specifi-
cally in the field of hepatobiliary and pancreatic surgery,
has not yet been adequately addressed.

20 mm Predicted cases
Actual cases
15
[7/]
[]
(7]
8
- 104
o
)
z
5_
o_
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Figure | Comparison of the predicted and actual complication numbers in differ-
ent subgroups.

This study proves that POSSUM can accurately predict
the incidence of postoperative complications in elderly
patients subjected to hepatobiliary and pancreatic surgery,
but it overestimates the mortality rate of patients. These
results are consistent with those of Bagnall et al.'*
Furthermore, this study proves that P-POSSUM can accu-
rately predict the postoperative mortality rate. These
results are consistent with the research of Nag et al'> and
Carvalho-E-Carvalho et al,'® that
P-POSSUM can be used as a tool to predict postoperative

who indicated
mortality rate.

Further, in this study, the PS, OS, and POSSUM scores
and R1 of patients with complications were compared with

1.5+

1.0

w
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Figure 2 Comparison of the O/E in different subgroups.
Abbreviation: O/E, observed/expected.
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Figure 3 ROC curve to predict complication rate with POSSUM.
Abbreviations: ROC, receiver operating characteristic; POSSUM, physiological
and operative severity score for the enumeration of mortality and morbidity.

those of patients without complications. The results showed
that patients with complications had higher PS, OS, and
POSSUM scores, along with a high R1. These differences
were statistically significant, which highlights the accuracy
of POSSUM in predicting the complication rate from
another angle. In the same way, the mortality group and
survival group were compared. While the OS, POSSUM,
R2, and R of the mortality group were significantly higher
than those of the survival group, no significant intergroup
differences were observed with respect to the PS. The under-
lying reason may be that the number of deaths was relatively
small, and the differences in sample size between the two
groups led to differences in the results.

To further evaluate the accuracy of POSSUM in predicting
the complication rate, this study hierarchically analyzed the
coincidence degree (OE ratio) between the predicted compli-
cation rate and actual complication rate in different subgroups.
The OE ratio is the ratio of the actual value to the predicted
value and mainly reflects the predictive ability of the prediction
scoring system. The closer the OE ratio is to 1, the better the
prediction efficacy.

Stratified analysis showed that while the OE ratios in
different subgroups differed, all were close to 1, indicating
that POSSUM could accurately predict the complication rate.
We also calculated the area under the ROC curve. When
0.5<AUC<0.7, the accuracy was lower; when 0.7<AUC<0.9,

the accuracy was somewhat improved; and when the
AUC>0.9, the accuracy was higher. Thus, POSSUM showed
some accuracy in predicting the complication rate. These
results indicate that POSSUM can be used as a tool to predict
the rate of postoperative complications in elderly patients
undergoing hepatobiliary and pancreatic surgery. This is con-
sistent with the findings of other studies.'”"”

Our study has some limitations. First, the number of
deaths in this study was very small, which imposed certain
limitations on data evaluation. Increasing the sample size
and conducting big data research may better reflect the
accuracy and validity of the scores. Second, the PS score
of this study will obviously change over time, especially
during emergency surgery.”” Therefore, we tried to collect
the physiological indicators closest to the time of surgery.
Third, although all discharged patients were followed-up
for at least 30 days at the outpatient clinic, there may have
been patients with complications who were not discovered
but were included in the study.

Conclusion

Our results reflect the simplicity, accuracy, effectiveness, and
feasibility of POSSUM and P-POSSUM. The study also found
that some elderly patients have generally better health than
others. This indicates that age is no longer synonymous with
adverse surgical results, and the safety and necessity of surgery
should be analyzed based on individual score results. We
recommend the routine use of POSSUM and P-POSSUM in
the postoperative risk assessment of elderly patients under-
going hepatobiliary and pancreatic surgery. Such protocols
could facilitate the development of individualized surgical
plans and improve the quality of life of elderly patients.
Although the scoring-based diagnosis is accurate to an extent
and has good clinical value, a certain gap remains from the
ideal scoring system. Therefore, continuous improvement of
the scoring rules based on various surgical characteristics of
different medical specialties is still necessary to obtain better
prediction results.*!
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