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ABSTRACT

Background: The physiological and operative severity score for the enumeration of mortality and morbidity (POSSUM)
is a scoring system previously validated in vascular and general surgical patients. The Portsmouth physiological and
operative severity score for the enumeration of mortality and morbidity (P-POSSUM) is a reliable tool derived from
POSSUM to improve the prediction of mortality. In this paper, we utilized both models to determine the most suitable
and feasible one that could be utilized in orthopedic surgery in China mainland. Methods: In this retrospective study,
patients’ files were extracted randomly from the medical records department of the First Hospital Affiliated with Dalian
Medical University for those underwent hip replacements between 1999 and 2006. The mortality and morbidity rates
were predicted by P-POSSUM and POSSUM, respectively. A comparative analysis was performed between the ob-
served and the predicted values as well as the Observed/Expected ratio (O:E). Results: A total of 206 patients were se-
lected for this study after fulfilling the inclusion and exclusion criteria. The predicted mortality by P-POSSUM were not
significantly different from the observed values (X* = 2.10, P = 0.552). POSSUM appeared to be better with the ob-
served morbidity (X* = 2.766, P = 0.598), but had overestimated mortality. Conclusion: The POSSUM morbidity equa-
tion satisfactorily estimated the risk of postoperative complications, and the P-POSSUM mortality equation appeared to
stratify the risk of death more accurate than the POSSUM.
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1. Introduction might take longer time for the healing process and ex-
pose patients to a series of complications. In some re-
searches [1-6], the rate of mortality within half a year can
range from 30% to 50%. However, other studies had il-
lustrated that elderly patients with early hip replacement
can have a better prognosis than the non-operative pa-
tients, and would be less exposed to long term immobili-
zation [7].

In China mainland, in addition to the financial factor,
the operative risk factors for hip replacement among pa-
tients with chronic diseases such as diabetes, hyperten-
sion, congestive heart failure (CHF) or arrhythmias

With the advent of China’s aging society, there is an in-
creasing trend of femoral neck fractures. So far, treat-
ments for these types of fractures are either through opera-
tive or non-operative procedures (traction, abduction and
so on). Early postoperative ambulation in elderly patients
with femoral neck fractures prevents patients from de-
veloping complications (deep venous thrombosis, urinary
tract infection, hypostatic pneumonia and so on) caused
by long-term immobilization and improves the quality of
life. However, it is very hard to obtain a stable fixation

treatment among elderly patients by either abduction or
traction. Unstable fractures in non-operative patients
such as in osteoporosis or with poor general conditions
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would place the surgeon, the patient and patients’ care-
givers in a dilemma. At present, some surgeons [8-11]
had adopted the non-operative treatment to reduce the
peri-operative risks even when patients have indications
for arthroplasty (GARDEN III or GARDEN IV® in
femoral neck fractures). Over the past years, surgeons in
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China have always found it confusing to assess the pos-
toperative risks (morbidity and mortality) for arthro-
plasty among elderly patients due to the absence of
specific guidelines that is needed to be adopted in their
assessment.

Therefore, we have found it necessary to provide bet-
ter evidence-base guidelines in this field. This is done by
comparing the predicted and observed morbidity and
mortality in 206 randomly selected patients that received
hip arthroplasty after being subjected to total hip or par-
tial hip replacements.

Progression of POSSUM to P-POSSUM: In 1991,
Copeland® and his colleagues developed the physiolo-
gical and operative severity score for the enumeration of
mortality and morbidity (POSSUM) to provide a possible
tool for risk adjustment as well as a comparative auditing

system for different surgeons, units, hospitals and regions.

The initial researchers examined 62 influencing factors
on morbidity and mortality which were later reduced to
just 12 physiological and 6 operative parameters (Ap-
pendix 1, Tables A1 and A2). Using the recorded pa-
rameters, the system was able to determine a physiologi-
cal score and an operative severity score from which the
expected mortality and morbidity rates was calculated
and marked as R1 and R2 (where R1 = mortality and R2 =
morbidity) by utilizing logistic regression equations. Af-
ter 6 months of clinical observation, Copeland and his
colleagues approved the accuracy of the formula by pre-

dicting the mortality and complications after surgery [12].

In 1996, Whiteley et al. [13] enrolled 1485 patients in
Portsmouth, UK and used the POSSUM method. They
found that POSSUM had overestimated the risk of
death especially in low risk patients. They used the
same physiological and operative scores, but modified
the calculations and suggested a modified formula that
fitted better their data. This has become known as the
Portsmouth physiological and operative severity score
for the enumeration of mortality and morbidity (P-
POSSUM).

2. Methodsand M aterials

In this retrospective study, 260 patients were hospitalized
between 1999 and 2006 for femoral neck fractures—
cither with GARDEN III or GARDEN IV criteria®—at
the First Hospital Affiliated with Dalian Medical Univer-
sity. Patients’ records were randomly extracted from the
orthopedic medical records. Information on age, sex, na-
ture of falling and the locus of the fracture, origin of
residence (inside or outside the city), clinical history,
pre-operative studies and drug treatments were all col-
lected and recorded. From the 260 patients records that
were randomly selected 118 (45.38%) females and 88
(33.85%) males were considered. Around 54 (20.77%) pa-
tients were excluded from the study because of incom-
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pleteness in their medical data or didn’t fit our inclusion
criteria. The total patients that undergone total hip re-
placements reached to 154 (74.76%), and 52 (25.24%)
patients had partial hip replacement. A total of 19 (9.22%)
were between 55 - 60 years old, 77 (37.38%) patients
were between 61 - 70 years old, and 110 (53.40%) were
above 71 years old (Table 1).

2.1. Inclusion Criteria

1) Females’ age > 55 years and males’ age > 60 years
for those with femoral neck fractures (GARDEN III or
GARDEN 1V) were considered, (the variation in the age
selection is because of the osteoporosis factor among
women);

2) Patients that underwent either partial or total hip re-
placement;

3) Patients with chronic medical history such as dia-
betes, congestive heart failure, multiple arrhythmias but
under control;

4) Patients operated on within 72 hours.

2.2. Exclusion Criteria

1) Patients without fully peri-operative data were ex-
cluded from the study;

2) Patients with hip fractures related to pathological
causes such as bone tumors (primary and secondary tu-
mors), hypoparathyroidism, idiopathic hypoparathyroid-
ism, Paget’s diseases, and other genetic malformation of
bone, metastatic disease, etc.

This study was approved by the Ethics Committee of
First Affiliated Hospital of Dalian Medical University,
Department of Orthopedic Surgery.

Our patients were in uniformity in terms of preopera-
tive and postoperative treatment, which is the standard
for all patients undergoing hip replacements in our hos-
pital (see Appendix 2). The POSSUM and P-POSSUM
scores were calculated 24 h preceding the operations ac-
cording to the dichotomous scales. The sum scores were
calculated manually by one of the researchers, and stored
in a Microsoft Access Database. We defined the opera-
tive complexity according to the features of the orthope-
dic surgeries [14] (Appendix 3, Table A3). All physio-
logical scores were recorded when performed within 24
hours preceding the operations. Also, data about postop-
erative complications and deaths within 30 days were
gathered. Two of our team members kept in contact with
patients directly or through family members (for those
who were hospitalized less than 30 days) either through
telephone discussions or through the Outpatient Depart-
ment (OPD) to check out for any complications and mor-
talities that occurred after the discharge phase. Post-op-
erative complications [15] included: 1) severe hemor-
rhage; 2) infection from deep wound, urinary tract
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Table 1. Patients demographic data.

(F) M)
Age (Mean) 63 54
Sex 118 (45.38%) 88 (33.85%)
. Total Hip Partial hip

Type of operation replacement replacement

154 (74.76%) 52 (25.24%)

. o . . Lost balance or

Nature of falling Slips 72% Walﬂkmg down stairs twisting 10% 0Other causes

(148.32) cases 12% (24.72) cases (20.60) cases 6% (12.36) cases

Type 1 Type 2 Type 3 Type 459 Type 5 53 RS
Locus of fracture 0 0 89 cases (43.20) cases (28.64%)  cases (25.73%)  cases (2.43%)
Origin of residence Dalian Outside Dalian
& 97 % cases 3% cases
Hypertension AABG 10 cases
46 cases
Clinical Hx DM 64 cases CAD?30 cases CE 4 cases PVD 23 cases COPD 11 cases
CABG 7 cases
CHF 23cases

Pre-pperatlve X-rays 206 cases CT 88 cases MRI 73 cases
studies
Drug treatments NSAID 22 cases N;og:;:e Cox 2 37 cases Aspirin 16 cases

Type 1: Undisplaced 2-fragment fracture; Type 2: Displaced 2-fragment fracture; Type 3: 3-fragment fracture without posterolateral support, owing to dis-
placement of greater trochanter fragment; Type 4: 3-fragment fracture without medial support, owing to displaced lesser trochanter or femoral arch fragment;
Type 5: 4-fragment fracture without posterolateral and medial support (combination of Type 3 and Type 4); R: Reversed obliquity fracture. CHF: Congestive
Heart Failure; CAD: Coronary Artery Diseases; CABG: Coronary Artery Bypass Graft; AAB: Abdominal Aortic Bypass Graft; COPD: Chronic Pulmonary
Obstructive Disease; PVD: Peripheral Vascular Disease; CE: Carotid Endarterectomy; NSAID: Non-Steroidal Anti-Inflammatory Drugs.

septicemia and pyrexia of unknown origin; 3) wound
dehiscence, or loose/displaced prosthesis; 4) thrombosis/
deep venous thrombosis, pulmonary embolism, cerebro-
vascular accident and myocardial infarction; 5) renal fail-
ure, respiratory failure, cardiac failure and hypotension; 6)
others (Table 2). Patients’ predicted mortality and mor-
bidity risk was calculated using the respective equations
obtained from the research performed by Copeland® and
Prytherch [16]:
POSSUM equation for mortality rate (R1)

In R1/(1-R1)=-7.04+0.13xPS+0.16x0S (1)

POSSUM equation for complication rate (R2)
InR2/(1-R2)=-5.91+0.16xPS+0.19x0S (2)

P-POSSUM equation for mortality rate (R3)
In R3/(1-R3)=-9.065+0.1692xPS+0.1550x0S (3)

Where PS indicates physiological score; OS indicates
operative score. A linear analysis was performed [17]
where the predicted mean risk for patients in each risk
group was calculated and multiplied by the number of
patients within the group to provide patients’ predicted
mortality. The predicted mortality rates were compared
with the observed rates (O:E); thus, determining the ac-
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curacy of the prediction. Then we divided the admissions
into: 1) fatal group; 2) non-fatal group; 3) patients with
complications; and 4) patients without complications, (Ta-
bles 3-5). The observed and predicted numbers within
each group were calculated and compared using a chi-
squared statistic. P value <0.05 was regarded to be sig-
nificant. Statistical analyses were performed using SPSS
for Windows version 14.0 professional (SPSS® Inc., Chi-
cago, Illinois).

3. Reaults

Patients with femoral neck fractures were classified ac-
cording to Garden criteria®: The most common type in
our study was Garden III femoral neck fracture (n = 89;
43.20%), followed by Garden IV (n = 59; 28.64 %) (Ta-
ble 1). The mean operative time was 1: 25 hours, (SD:
1.42 + 0.22). The mean hospital stay was 14.32 days
(SD: 14.32 + 2.45). The preoperative physiological
scores were lowered for high-risk patients. As for the
predicted mortality, it was lowered dramatically from
9.7% to 1.9% after adjustments (Table 6). Further-
more, for the predicted complications, the rate was
lowered from around 42% to 30% after adjustment
(Table6).
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Table 2. Observed complications.

Complications No.
Congestive heart failure (CHF) 3
Heart infarction 1

Atrial fibrillation

Angina pectoris

Deep vein thrombosis (DVT)
Digestive tract (GIT)
Internal milieu disorder

Urinary retention

=N WO R RN W

Other complications

Table 3. “Linear” analysis of deaths predicted by P-POS-
SUM predictor equation for mortality.

m?;;ﬁ:;ii;?iy Mean N(?. of  Predicted Observed O:E
P-POSSUM risk patients (E) 0) ratio

0% - 1.9% 1.05% 148 2 0
2% -2.9% 2.42% 28 1 1 1.00
3%-3.9% 3.27% 10 0 0 1.00
4% - 4.9% 4.57% 11 1 1 1.00

5% -9.9% 7.28% 7 1 0
10% - 19% 11% 1 0 0 1.00
20% - 29% 26.8% 1 0 0 1.00
total 8.05% 206 5 2 0.40

O:E, observed to expected ratio. A ratio over 1.0 indicates an under-predic-
tion and of below 1.0 is considered over-prediction of death. When values of
the observed and expected rates were both zero, the ratio was given as 1.0.

Table4. “Linear” analysisof morbidity predicted by POS-
SUM.

Complication rate predicted

by POSSUM Predicted (E)  observed (O) O:E
<10% 0 0 1.00
11% - 19% 10 10 1.00
20% - 29% 12 14 1.16
30% - 39% 15 9 0.6
40% - 49% 9 4 0.44
50% - 59% 7 7 1.00
60% - 69% 3 2 0.67
70% - 79% 2 1 0.5
80% - 89% 0 0 1.00
>90% 1 1 1.00
0% - 100% 59 48 0.81

O:E, observed to expected ratio. A ratio of over 1.0 indicates an under-
prediction and below 1.0 is considered over-prediction of death. When
values of the observed and expected rates equal to zero, the ratio was given.
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Tableb5. Linear analysisof deaths predicted by POSSUM.

The predicted

mortality rate ~ Mean risk NOZ of Predicted ~ Observed (.
by POSSUM patients  (E) (0) ratio
1% -1.9% 1.88% 5 0 0 1.00
2% -2.9% 2.69% 38 1 0
3%-3.9% 3.52% 38 1 0
4% - 4.9% 4.54% 35 2 0
5% -9.9% 6.91% 66 5 1 0.20
10% - 19% 12.61% 20 3 1 0.33
20% - 29% 20% 3 1 0
30% - 39% 45% 1 0 1.00
total 12.14% 206 13 2 0.15

O: E, observed to expected ratio. A ratio over 1.0 indicates an under-predic-
tion and of below 1.0 is considered over-prediction of death. When values of
the observed and expected rates were both zero, the ratio was given as 1.0.
POSSUM overestimated postoperative mortality.

A total of 9 serious postoperative complications were
recorded from 36 patients. The main complications were
Atrial Fibrillation (AF), Deep Venous Thrombosis (DVT),
Congestive Heart Failure, internal milieu disorders (wa-
ter and electrolytes imbalances) and Gastrointestinal Tract
(GIT) diseases as shown in as shown in Table 3; and 2
deaths had occurred in-hospital stay.

As for the predicted mortality by P-POSSUM they
were not significantly different from the observed values
(X?=2.10, P = 0.552; the overall O: E ratio is 0.4, Table
3). The POSSUM appeared to fit well with the observed
morbidity (X? =2.766, P = 0.598; the overall O:E ratio is
0.81, Table 4), but had an overestimated mortality, the
overall O:E ratio was 0.15 (Table 5).

4. Discussion

The majority of patients in this study were old aged pa-
tients. This group had a higher tendency for sudden falls
resulting in rapid hip fractures. This is due to bone fragil-
ity due to insufficient intake of protective and preventive
medications-osteoporosis disease-against multiple bones
fractures. Hence, we evaluated morbidity and mortality
among this age group by implementing two scoring sys-
tems POSSUM and P-POSSUM in order to calculate the
predicted mortality and morbidity. POSSUM and P-
POSSUM were developed in the British medical setting
and over 200,000 patients have been scored through
these systems [18]. Since that time, these two scoring
systems have been implemented in general surgery, vas-
cular surgery, surgical gastroenterology, urology, surgi-
cal ICU patients, orthopedic surgery, and are used by
many health-care organizations [19-22]. However, there
are very limited data about using these two scoring systems
in orthopedic surgery. Our study showed that the lowest
mortality rate in the predicted mortality group by POS-
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Table 6. Adjustment of the preoperative parameters.

Before adjustment

After adjustment

Minimum Maximum Mean + SD Minimum Maximum Mean + SD
Physiological score (PS) 13 38 20.72 £5.52 11 33 19.3 +2.34
Predicted mortality rate (R3) 2.6% 37.5% 9.71% £ 7.79% 0.35% 26.87% 1.92% £+ 1.23%
Predicted complication rate (R2) 12.68% 87.10% 41.54% + 10.76% 9.27% 71.75% 30.02% =+ 12.4%

SUM was 1.73% (12 points in the physiological score, 9
in the operative severity), which was evidently higher
than the observed. On the other hand, the lowest mortal-
ity in the predicted mortality group showed 0.34% by
P-POSSUM. We concluded that P-POSSUM could re-
flect the observed mortality rate more closely than POS-
SUM in hip arthroplasty among elderly patients with fe-
moral neck fractures, but tended to overestimate the mor-
tality rate in low-risk patients 0% - 1.9%.

Our study showed that, and according to P-POSSUM,
the predicted mortality was low, while POSSUM pro-
vided overestimation in the predicted mortality, which
fitted well with the observed complications compared
with similar observations in Ramanathan et al. [23] and
Wang et al. [24]; however, they have advised that it
should be used with caution whether as an auditing tool
or for preoperative triage. Also, as an auditing tool for
femoral neck fractures, Wright et al. [25] study con-
cluded that POSSUM can accurately predict mortality
and morbidity in patients with femoral fractures. Also,
Gu et al. [26] showed that a perfect agreement was found
between the observed number of deaths and the predicted
number of deaths calculated by P-POSSUM, while POS-
SUM overestimated the overall mortality-similar to our
study. As for the study done by Tekkis et al. [27] pro-
posed that there was a goodness of fit between the over-
all observed morbidity and mortality and the prediction
by POSSUM and P-POSSUM, while overestimation oc-
curred among the elective surgery and the young group
(opposite to our old aged patients). Hence, it is important
to be discreet while introducing these systems for the
low-risk surgeries. While Mohamed and Copeland [14]
proved a close correlation between the overall observed
rates for mortality and morbidity and the predicted val-
ues—derived only from the POSSUM logistic regression
equation—in the orthopedic surgery and avoided per-
forming any comparisons between POSSUM and P-POS-
SUM, which is the opposite to our comparisons.

The differential differences in the observed results
between studies may have occurred for several reasons.
First, the medical background, such as the medical sys-
tem, hospital facilities sanitation, peri-operative nursing
care, and staff efficiency all are different whether domes-
tically or when compared from one country to another.
Second, in some studies the conditions differed such as
patient’s physiological immunity, ability to tolerate dura-
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tion of operation, operation method, peri-operative treat-
ment, and so on. Third, the parameters’ scores such as
estimated blood loss, respiratory and cardiovascular his-
tory are prone to errors and might be due to different
measurement systems.

In the last couple of years, another method was used
where researchers applied Estimation of Physiologic Abi-
lity and Surgical Stress (E-PASS) risk-scoring system for
predicted and actual morbidity and mortality rates to as-
sess the predictive ability of the E-PASS and compared it
with the physiological and operative severity score for
the enumeration of mortality and morbidity (POSSUM)
systems in patients with hip fractures. They showed that
E-PASS scoring system is useful for defining postopera-
tive risk, and its underlying algorithm can accurately
predict morbidity and mortality rates in patients with hip
fractures before surgery, which can be utilized to manage
their condition and potentially improve treatment out-
comes [28].

4.1. Recommended Policy Assessment

No regression equation for risk assessment should remain
indefinitely static [14]. In the past decade we have found
there was no need for any change in the equation, but in
the coming future changes should occur where the equa-
tion could be easily updated without the need to alter the
variables scores. Consequently, both of these systems
should be updated in steps to match up with the rapid
developments in modern medicine.

4.2. Study Limitations

Due to the structuring of this research paper, we were not
able to gather all further information about patients’
mortality and morbidity once they were discharged. Then,
the discriminatory power and predictive value of each
scoring system was not evaluated using receiver operator
characteristic (ROC) curve analysis, which might have pro-
vided more accurate results. Nevertheless, we were able
to show that POSSUM overestimation of mortality which
had fitted morbidity, and P-POSSUM provided low es-
timation of mortality.

In conclusion, the POSSUM morbidity equation had
satisfactorily estimated the risk of postoperative compli-
cations, and the P-POSSUM mortality equation appeared
to stratify much accurately the risk of death than POS-

0JOo



58 Risk Assessments for Elderly Patients with Hip Arthroplasty Using POSSUM and P-POSSUM

SUM. They are good measurable tools to detect the ex-
pected morbidity and mortality for patients undergoing
hip arthroplasty in China mainland.

4.3. Footnotes

1) Garden Criteria

Grade I is an incomplete or valgus impacted fracture.

Grade II is a complete fracture without bone dis-
placement.

Grade III is a complete fracture with partial displace-
ment of the fracture fragments.

Grade 1V is a complete fracture with a total displace-
ment of the fracture fragments.

Garden R (1961) Low-angle fixation in fractures of the
femoral neck. J Bone Joint Surg Br 43:647-661.

2) Copland Derivation of POSSUM and P-POSSUM
Formulas

POSSUM scoring system was first conceived and suc-
cessfully implemented by G. P. Copland €t al. Driven by
the need to develop a simple risk scoring system applica-
ble to diverse general surgical populations, whose main
use would be in surgical audit, POSSUM scoring system
was developed. First published article of POSSUM had
appeared in British Journal of Surgery March 1991; 78:
356-360. Copland et al. conducted a prospective study
over a period of six months in 1372 patients undergoing
operation in general surgery units. POSSUM scoring
system produced an assessment of morbidity and mortal-
ity rates which did not significantly differ from observed
rates. They concluded that although POSSUM may not
be able to replace highly specific scoring systems for
individual disease states or the intensive care patient, it
does appear to provide an efficient indicator of the risk of
morbidity and mortality in the general surgical patient.
Authors also stressed the usefulness of POSSUM as an
adjunct to surgical audit.

An article by Whitely et al. in 1996 showed how the
original POSSUM regression equation failed to work in
patients in Portsmouth. The authors found that POSSUM
over-predicted death in a cohort of 1485 patients, par-
ticularly those at low risk. It was still possible to use the
POSSUM physiology and operative severity data set, but
a different regression equation was needed. This regres-
sion equation became the Portsmouth predictor equation,
or P-POSSUM.
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Appendix 1
Table Al. POSSUM physiological score.
Score 1 2 4 8
Age(years) <60 61-70 >71

g;zita;:(_};ias;ory N(T)\rIrirllal Drug treatment Bor(%er?iirgac/g?irigamriggaly Raised JVP Cardiomegaly
Respiratory history Normal Dyspnqea on exertion Limit'ing dyspnoea (on flight . Dys_pnoea atrest
Chest X-ray Mild COPD stairs) Moderate COPD Fibrosis/consolidation
Systolic blood pressure (mmHg) 110-130 131-170 or 100 - 109 >171 0r 90 - 99 <89
Pulse rate (b.p.m) 50 -80 81-100 or 40 - 49 101 - 120 <39 or>121
GCS 15 12-14 9-11 <8
Urea (mmol/L) <15 7.6-10 10.1-15 >15.1
Haemoglobin (g/L) 130 - 160 115-1200r 161 - 170 100- 114 or 171 - 180 <99 or >181
White cell count (x10'%/L) 4-10 10.1-200r3.14 >20.1 or<3
Sodium (mmol/L) >136 131-135 126 - 130 <125
Potassium (mmol/L) 35-5 32-340r51-53 2.9-3.10r54-59 <2.8 or >6
ECG Normal MI > 6 months ago; MI < 6 months ago;

AF rate <90

AF rate > 90/min

b.p.m., beats per minute; COPD, chronic obstructive pulmonary disease; GCS, Glascow coma score; JVP, jugular venous pressure; each of the 12 rows is

scored according to patient factors. These scores are added to give a physiological score for the patient.

Table A2. POSSUM oper ative score.

Score 1 2 4 8
Magnitude Minor Inter Major Major+
Number of operative 1 2 >2
Blood loss per (ml) <100 101 - 500 501 -999 >1000
Peritoneal soiling None Serous Local pus Free bO\ZreLlc::;ent, pus
Malignancy None Primary only Node metastases Distal metastases
Timing of operation elective - fi?;:irfr?;)cgss?lfle};l (())[fef’ziiuosr; Emergency <2 h (imme-

with 24 h diate surgery needed)
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Appendix 2

Peri-Operative Clinical Care

Patients who were enrolled in this study were treated
according the hospital guidelines for hip fracture in the
elderly. All of them received peri-operative analgesia
with parenteral metamizole and paracetamol q6 h and
intravenous morphine as needed to achieve a VAS pain
score of <4. Skin traction was routinely applied to the
injured leg before surgery. All patients were included in
a protocol for prevention of pressure sores. Intravenous
fluid therapy, started immediately after admission, con-
sisted of 10 - 30 ml/kg/day Ringer’s lactate solution and
transfusion, if haemoglobin was <9 (g/dl). Patients fasted
for at least 6 h before surgery. All of them received
pre-operative prophylaxis against venous thrombosis in-
volving thromboembolic deterrent stockings and subcu-

Appendix 3

taneous unfractionated heparin. Antibiotic prophylaxis
was started before induction of anaesthesia and contin-
ued for 72 h. Anaesthesia and surgery were always per-
formed by staff anaesthesiologists and surgeons during
office hours. Post-operatively, fluid therapy consisted of
2000 ml of Ringer’s-glucose 5% solution per 24 h. Sup-
plementary oxygen was given for at least 6 h after sur-
gery. The patients were allowed to eat after 6 h and nu-
tritional supplementation (oral protein energy supple-
ments) was added in patients who were malnourished at
the time of the fracture or if they had poor food intake in
the hospital. Mobilization and rehabilitation were started
as soon as possible (ideally during the first 72 h) and the
discharge plan was discussed with both patients and rela-
tives.

Table A3. Orthopedic complexity.

Magnitude

Operation

Minor Fasciotomy

Ganglion/bursa

Tenotomy/tendon repair

Arthroscopic surgery

Carpal tunnel/nerve release

Removal of metal Closed reduction of fracture

Intermediate

Excision/osteotomy small bone

Minor joint replacement

Amputation digit/digits

Closed reduction with external fixation

Open reduction of fracture of small bone

Major Osteotomy long bone

Ligamentous reconstruction + prosthesis

Arthrodesis large joint

Major joint replacement

Amputation limb

Disc surgery

Open reduction of fracture of a long bone

Major+

Radical tumourectomy

Major spinal reconstruction

Revision prosthetic replacement, major joint

Hindquarter/forequarter amputation
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