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Abstract

The incidence rate of falls is often used as an indicator of nursing care outcome. Comparing outcome between different settings
should, however, make allowance for case mix. To measure the incidence of falls, describe their circumstances and develop a prediction
model based on routinely collected data to allow comparison between hospital settings with different case mix. A dynamic population of
patients hospitalized over a year in which a case was defined as any accidental fall systematically reported on an ad hoc form. A Swiss uni-
versity hospital of 800 beds; 634 falls were reported for 26,643 hospitalizations over 236,307 hospitalization days. First fall rates were ana-
lyzed using a Poisson regression model with routinely computerized discharge data as independent variables. The incidence rate of first
falls was 2.2 per 1000 patient-days. For subsequent falls the rates of incidence increased with the number of falls. Five independent vari-
ables played a significant role: age, gender, morbidity predisposition, surgical procedure and length of stay. Two of the interactions be-
tween these variables were significant and remained in the model (length of stay with age, morbidity with age). The model offers good
medical plausibility and satisfactory predictive performance. The proposed model can be used by national health agencies to compute ex-
pected first fall rates accounting for case mix. Hospitals can use these rates for evaluation. Recommendations for measuring, monitoring
and assessing fall rates are also given. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction The unit of measurement is often the number of events per
patient-days but multiple falls by the same individuals are
variably reported, and falls that do not result in visible inju-
ries are sometimes not reported at al. What is more impor-
tant is that, to clarify the issue of nursing care quality, fac-
tors outside the direct influence of hospital policy should be
controlled for. Interpreting an outcome must therefore ac-
count for variations linked to case mix. Although falls are a
traditional target of risk management, comparative data are
too scant to set a benchmark determining an acceptable
level of falls[18].

Controlling for patient risk is required to evaluate quality
differences between care settings. Most research to date has
focused on elderly persons living in the community or in
nursing homes. A number of researchers have investigated

Many hospitals routinely report inpatient falls. As a mat-
ter of fact, falls are the most frequently noted incidents
[1,2]. Quality assurance programs insist upon the impor-
tance of monitoring adverse events and often use fall rates
as an indicator of nursing outcome [3-5]. Wide variationsin
fall rates have been reported among institutions for the el-
derly (0.2-3.6 per bed per year) [6]. Studies in acute-care
hospitals are less numerous, but also show notable varia-
tions: 2—15% of inpatients experience at least one fall [1,7—
10], the range of published incidence rates of falls is wide
(0.3-19 for 1000 patient-days) [1,7,8,10-15]. Comparing
fall rates among various institutions may be helpful but
raises concerns. The lack of an accurate definition of the oc-

currence indicator compromises data comparability [16,17].
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symptoms that may contribute to a fall in these environ-
ments: gait and balance disorders [13,19-21], dizziness or
vertigo [21,22], visua deficit [23], incontinence [24], cog-
nitive impairment and sedation [6,19,24,25]. Selected risk
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factors have been used to derive relatively simple assess-
ment tools identifying patients liable to be targeted for pre-
ventive strategies [13,24,26]. Because these data have to be
extracted from medical or nursing records, they are not
readily available for comparison across care units or hospi-
tals. Furthermore, many of those variables escape detection
because they are not regularly recorded in medical records
[25]. It has been shown that in acute-care settings a few
variables could identify patients prone to falls: falls during
hospitalization are more common in confused patients and
those with greater comorbidity [25]. Several diseases have
been shown to increase the risk of fall such as Alzheimer’s
disease [27], Parkinson’'s disease [28] and stroke [10].
These findings suggest that risk measures relying only on
routinely collected data could perform quite well for hospi-
talized patients and favorably compare with methods requir-
ing additional record abstracting.

A further concern is the necessity to adopt a probabilistic
approach, due to the fact that it is usualy difficult to deter-
mine whether a fall might have been avoided on a case-
by-case basis. Data about the proportion of potentially
avoidable falls are scarce; a systematic medical records re-
view of adverse events in hospitalized patients judged that
over half of 200 falls with injuries resulted from substan-
dard care [29]. Few falls can be clearly prevented, for in-
stance by suppressing a form of medication or an environ-
mental hazard. Some are probably unavoidable, such asina
unit trying to improve the independent living skills of its pa-
tients [30]. Most patients fall because factors related to pa-
tients and to environmental hazards interact. In fact, only
multifactorial interventions targeting both intrinsic and en-
vironmental risk factors have been shown to significantly
reduce the number of fallsin high-risk populations [31-33].

The objectives of the study were: (1) to measure the inci-
dence of falls and to describe the circumstances under
which they occur, and (2) to use routinely collected infor-
mation to develop a prediction model, making it possible to
compare observed rates accounting for the identifiable pa-
tients' risks.

Hospital characteristics, such as the type of care unit and
the patient:nurse ratio, were intentionally not taken into ac-
count in order to use only case mix variables clearly beyond
the hospital’ s control.

2. Methods

The Centre Hospitalier Universitaire Vaudois (CHUV)
offers an appropriate setting to observe falls, document their
circumstances and measure potential risk factors. It gener-
ates intense activity (more than 200,000 hospitalization
days per annum) for a comprehensive panel of patients—all
surgical and medical services provided to patients of al
ages with all specialized areas of medicine represented ex-
cept ophthalmology and psychiatry. Thus, the CHUV pre-
sents a large spectrum of predictive variables and a homo-
geneous nursing context (policies, staffing, endowment,

ongoing training, etc.). It is moreover equipped with a com-
plete computerized hospital information system that inte-
grates validated administrative and medical data and pro-
vides an easy link between the registry of falls and the
studied population [34].

The population studied consisted of inpatients hospital-
ized at the CHUV between October 1, 1998 and September
30, 1999. Inclusion criteriarequired alength of stay of more
than 24 hr, or a stay that ended in death or transfer to an-
other hospital. The data concerning age, gender, discharge
diagnostic category according to All Patient-Diagnosis Re-
lated Groups (AP-DRG) [35] and length of stay were ob-
tained from the hospital information system. A case was
defined as any accidental fall observed by the nurses them-
selves or reported to them by the patient, as well as a patient
found lying on the floor by the staff [19]. Falls were re-
ported on an ad hoc form by the person who noted the inci-
dent. The report described:

« the circumstances of the fall, classified by the tenth In-
ternational Classification of Diseases (ICD-10, codes
WO00-W19);

« the consequences of the fall, categorized as no injury,
minor injuries (superficial wound, haematoma) or ma-
jor injuries (fractures, trauma of an interna organ);

» measures that should have been taken to avoid the inci-
dent: properly fitting footwear, adequate lighting, be-
drails or other physical restraint devices, easy access to
acalling device, avoiding wet floors, other environmen-
tal interventions, educational support such asinstructing
the patient or the family to request assistance in moving.

Case reporting was encouraged by amultidisciplinary group
of head nurses who provided regular information to nursing
staff and were backed by the heads of the hospital’s quality
of care monitoring program. Departments that declared no
falls were contacted regularly.

To account for the different lengths of patient follow-up,
the study outcome was the incidence rate of falls per 1000
patient-days.

The determinants studied were based on routinely avail-
able hospitalization data likely to favor a fall: age, gender,
morbidity predisposition. Diseases were considered predis-
posing to a fal when associated with symptoms that have
been proven to increase fall incidence in health care settings:
gait disorders [36,37], cognitive impairment and confusion
[25,37,38], chronic use of acohol or other psychoactive
drugs[39,40]. Theserisk factors are generally present among
hospitalized patients with disorders of the centra nervous
system or drug addiction. High fall rates have been found in
certain other hospitalized patient groups. patients with mental
disorders especialy depression [1,9,41], patients with com-
plicated heart diseases [12,40,42]. A systemic infection or a
major complication were also considered as plausible risk for
falls, since dizziness and ataxia are frequent in these acute sit-
uations. Categorization of predisposing diseases was based
on AP-DRG (see Appendix A for details). Length of stay was
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included as a severity index of illness. Stays with a surgica
procedure in an operating room were aso identified on the
basis of AP-DRGs (see Appendix A). Two reasons justified
this choice; some patients are hospitalized in a surgical unit
without being operated upon, and the unit where the patient is
admitted may not be routinely available.

Only thefirst fall was modeled in order to ensure the in-
dependence of events so that statistical approaches based on
the Poisson distribution are valid. Indeed, afirst fall may in-
crease the risk of subsequent events and may also affect be-
haviora factors, as the patient is inclined to restrain his’her
mobility and the nurses increase surveillance. Fall relapses
were included in the descriptive analysis.

The underlying hypothesis to the multivariate analysis
was that the number of first fallsin arisk stratum follows a
Poisson probability distribution. The Poisson model is ap-
propriate to investigate the incidence of unrelated binary
events (first fall during a hospitalization), whose occurrence
is rare (most patients don't fall). It directly estimates the
risks linked to each determinant (incidence rate ratio, IRR).
An observation unit is constituted by a group of hospitaliza-
tions, with similar characteristics, expressed as nominal or
ordinal independent variables. The dependent variable isthe
number of first fallsin each risk group; exposure timeisin-
dicated by the sum in each stratum of the number of days
elapsed from the admission of the patient (after September
30, 1998) until the first fall or the end of the stay (before
October 1,1999). The Poisson model assumes independence
of the observations and constant risk over time. In conse-
guence it was verified that the probability of afall did not
vary too much during the stay, as a function of the rank of
the day. All analyses were performed using Stata statistical
software (release 6.0, Stata Corporation, College Station,
TX). Inthe univariate analysis, the significance of variables
was based on the IRRs observed in each stratum. In the mul-
tivariate analysis, only independent variables which were
significant at P < 0.10 were entered in the model. The con-
tribution of each variable to the model was evaluated by the
log-likelihood ratio test. All first-order interactions between
independent variables were also tested. Observations with
missing values were excluded for the multivariate analysis.

The model’ s goodness of fit was assessed by the Pearson
chi-sguare test, comparing predicted and observed values.

To ensure satisfaction of the Poisson assumption, it was
shown that there was no evidence of overdispersion, using a
gamma distribution to model the data and testing the null
hypothesis of the o parameter [43]. The o parameter was
not significantly different from O suggesting there was no
overdispersion (P = 0.999).

3. Results
3.1. Description of falls

Six hundred thirty-four falls were reported during
236,307 hospitalization days, corresponding to a global rate

P. Halfon et al. / Journal of Clinical Epidemiology 54 (2001) 12581266

of 2.7 fals per 1000 days. The proportion of inpatients fall-
ing was 1.8% (488/26,643). The incidence rate was 2.2 first
falls per 1000 days. Twenty percent of patients with a first
fall relapsed (100/488) during the follow-up period. Thein-
cidence rate of a second fal by patients who had fallen pre-
viously was 12.7 per 1000 days (100/7893). The incidence
rate of a subsequent fall increased with the number of falls:
17.1 %o (26/1517) for the third fall and 23.0 %o for the
fourth one (9/391).

Fall rates varied from one department to the next (0-12
%0). Some departments (gynecology, obstetrics, pediatric
intensive care) reported no falls. Fallswere more frequent in
medical departments than in surgical ones. The highest fall
rate was observed in the department of geriatric rehabili-
tation.

Circumstances of fall are described in Table 1. Nearly
half the patients concerned were moving about in their
room, with peak frequencies between 9 and 11 am. and be-
tween 5 and 6 p.m., that is during hours they are more ac-
tive. Falls from bed represented a quarter of all cases, with
two peak frequencies. 0-1 am. and 3-4 am. Most depart-
ments reported more than 10 falls. The most likely cause of
afall was dlipping, but in some departments a fall from bed
was the most frequent circumstance.

No significant variations in the rate of falls by day of the
week were observed. The incidence rate of first falls was
relatively constant throughout the stay (Fig. 1). The slump
in the rate at the end of the stay was due to the fact that the
last day is shorter (the patient often leaves the hospital be-
fore2 p.m.).

Four hundred falls (63%) resulted in no injuries at al,
215 (34%) resulted in minor injuries and 18 (3%) in major
injuries: 14 fractures, 1 luxation, 2 crania trauma, one pa-
tient found dead on the floor beside his bed.

In 37% of cases, the fall was judged avoidable by the
person who notified the incident. Inappropriate material
(loose wheelchair brakes, unlocked bed table, for instance)

Tablel
Fall circumstances
Firstfals  All fals
Fall circumstances n % n %
Fall dueto slipping, tripping
and stumbling 205 42 267 42
Fall involving bed 129 26 152 24
Unspecified fall 58 12 78 12
Fall involving chair 33 7 42 7
Fall involving wheelchair 30 6 51 8
Fall from or off toilet 18 4 25 4
Fall while being carried or supported
by other persons 6 1 10 2
Fall due to collision with another person 4 0 4 1
Fall involving other furniture than bed or chair 2 0 2 0
Fall on and from stairs and steps 2 0 2 0
Fall from, out of or through building
or structure 1 0 1 0
488 100 634 100




P. Halfon et al. / Journal of Clinical Epidemiology 54 (2001) 1258-1266 1261

o
o

| Admission Discharge

0 ' L L L L L L n >
10 20 30 40 50 60 70 80 90 100

Day rank/lenght of stay (%)

First fall incidence rate per 1000 days
P

Fig. 1. Incidencerate of first falls (per 1000 days) during the stay.

or environmental problems (wet floor, insufficient lighting,
obstacle) caused 8% of falls. From the nurses point of
view, about half the falls from bed could have been pre-
vented by bedrails or restraints. Only 32% of dipping falls
could have been avoided, for instance with adequate in-
structions to patient or more appropriate footwear. Falls
from a wheelchair or a chair appeared avoidable in more
than 50% of the cases, often by means of seat belts.

3.2. Univariate analysis

Because infants under 18 months are theoretically not ex-
posed to falls, they were excluded from the analysis. Obstet-

Table2
Univariate analysis of first fall incidence rate

rical stays were also excluded, as therisk of fal is probably
close to zero in this group which represented almost one-
third of patients under 45 years. Only one fall was reported
in infants; no falls were reported in the obstetrical unit.

The incidence rate of the first fall was higher for males
(P = 0.08) and in the presence of morbidity predisposition
(P < 0.001). Theincidencerate was relatively constant until
age 45 years. Subsequently it increased with age in linear
fashion. The rate also rose with length of stay (P < 0.001),
but the incidence rate ratio was relatively stable when the
length of stay exceeded 20 days (Table 2). The incidence
rate was lower in surgical patients than medical ones.

3.3. Multivariate analysis

All explanatory variables identified in the univariate
analysis (gender, age, length of stay, morbidity predisposi-
tion, admission with or without a procedure in an operating
room) were included in the model as nominal (binary) inde-
pendent variables, and their interactions were tested.

Based on the results of the univariate analysis, only two
categories were retained for length of stay (more or less
than 20 days) and six age categories, with al classes below
45 years aggregated. Ultimately, these six categories were
reduced to four (<55, 56-75, 76-85, >85). For the compu-
tation of IRRs, reference categories were always those with
smaller rates (female, younger patients, short stay, no mor-
bidity predisposition, surgical procedure).

No. of first falls No. of person-days Incidence per 1000 days IRR (95% Confidence Intervals)

All hospitalizations 4852 197,716 245
Gender

Female 218 96,682 225 1

Male 267 101,034 2.64 1.17 (0.98; 1.41)
Age (mean) in years

1.5-15(7.25) 8 8218 0.97 1

15-25 (20.6) 4 7519 0.53 0.55(0.16; 1.81)

25-35(30.3) 12 12,285 0.98 1.00 (0.41; 2.45)

35-45 (40.1) 10 15,062 0.66 0.68(0.27; 1.73)

46-55 (50.5) 30 23,247 1.29 1.33(0.61; 2.89)

56-65 (60.1) 54 31,327 172 1.77 (0.84; 3.72)

66-75 (70.1) 92 40,253 2.29 2.34(1.14, 4.84)

76-85 (79.6) 172 41,458 4.15 4.26 (2.10; 8.66)

>85 (89.0) 103 18,346 5.61 5.77 (2.81; 11.84)
Length of stay (mean) in days

<10(3.9) 69 58,015 1.19 1

Between 10 and 20 (13.7) 110 48,444 2.27 1.90 (1.41; 2.58)

Between 20 and 30 (24.2) 83 26,905 3.08 2.59(1.88; 3.57)

Between 30 and 40 (34.6) 54 16,822 321 2.70(1.89; 3.85)

>40 (76.3) 169 47,530 3.56 2.99 (2.26; 3.96)
Medical condition

No morbidity predisposition 229 119,441 1.92 1

Morbidity predisposition 211 63,324 3.33 1.74 (1.43; 2.10)

Missing or invalid diagnoses 45 14,950 3.01 157 (1.14; 2.16)
Procedure in an operating room

Yes 137 84,894 161 1

No 303 97,871 3.10 1.74 (1.43; 2.10)

Missing variable 45 14,950 3.01

aOne fall of an infant, and two falls with missing data were excluded.
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Table3
Multivariate analysis of the risk of first falls?

Variables retained in the model

Adjusted estimated coefficients (B)

Standard error of 3 (se) P Adjusted IRR (95% ClI)

Reference category®

Age (55-75) years 0.464
Age >(75-85) years 1.660
Age >85 years 1.923
Length of stay >20 days 0.901
Length of stay >20 days X age >75 years —0.488
No procedure in operating room 0.563
Morbidity predisposition 0.469
Morbidity predisposition X age >75 years —0.402
Male 0.481
Constant —8.040

1

0.155 0003  159(1.17,2.15)
0.203 <0001  5.39(3.66,7.93)
0.218 <0001  7.02(4.63,10.63)
0.153 <0001  2.46(183,3.32)
0.201 0016  0.61(0.41,0.91)
0.106 <0001  1.76(142,2.16)
0.148 0002  1.60(1.20,2.13)
0.195 0040  0.67(0.46,0.98)
0.100 <0001  1.62(133,1.97)
0.186

aThe analysis was performed on 440 events and 182,766 person-days.

bThe reference category comprises female inpatients under 55, with length of stay <20 days, with an operating room procedure and no morbidity predis-

position.

Coefficients and the IRRs of the multivariate model are
listed in Table 3. Only two significant interactions were
found: length of stay with age, morbidity predisposition
with age. The effect of these interactions was to consider-
ably reduce the effects of length of stay and morbidity pre-
disposition in the elderly. In other words, the age effect was
so strong in the elderly that length of stay (partially) and
morbidity predisposition (totally) lost their impact as wit-
nessed by the estimated coefficient. The interaction termsin
patients over 75 were not significantly different for age 75—
85 versus age over 85. In a model including only age and
length of stay, the IRR of patients over 75 equal 1.37 versus
2.46 for younger. A similar observation was made for mor-
bidity predisposition: IRRs were relatively constant for all
age categories, but weaker for the elderly, dropping from
2.1t0 1.22 in amode including only the two variables. Age
over 75 years (IRR = 5.39) was the most contributory vari-
able followed by length of stay in patients under 75 years
(IRR = 2.46), no surgical procedure (IRR = 1.77), gender
(IRR = 1.60) and morbidity predisposition in patients under
75 years (IRR = 1.60).

Table 4 (for medical patients) and Table 5 (for surgical
patients) show the observed and predicted number of falsin
each risk stratum. Asindicated above, the effect of morbid-
ity predisposition was taken into account only for patients
under 75. They show an acceptable correspondence be-
tween observed and predicted values (x? = 36.3, 39 df, P =
0.41). The estimated incidence rates per each stratum may
serve asreferencesin the comparison of different care centers.

4. Comments

The multivariate model offers good predictive perfor-
mance. Poisson modeling is adequate and data do not
present over-dispersion. The range of predicted rates is
large, varying from a low of 0.32 per 1000 days to 9.87 in
the high- risk group. The age variable is the most significant
factor, which comes as no surprise from a medical point of
view. The fact that morbidity predisposition and length of

stay show similar contributions suggests that AP-DRGs do
not sufficiently account for the severity of illnesses. We
tried to use additional morbidity categories based on AP-
DRGs, but were not successful in this attempt. Further re-
search should use more refined groups, as APR-DRGs [44],
to obtain a better description of the contribution of the pa-
tient’s clinical status. It is important to keep in mind that
length of stay was used as a severity index, independently of
the length of exposure. This approach is meaningful be-
cause the incidence rate was not associated with rank of the
day of first fall. Weaker fall risk in operated patients can be
explained by the decubitus due to the intervention. Other
authors have documented the weak contribution of gender
in predicting fall risk [1,12]. Risk ratio heterogeneity has
only been detected for patients over 75 years of age.

Not surprisingly, the effect of morbidity (severity or fall
prone condition) was less important in the elderly, who of-
ten present disabilities predisposing to falls without a defi-
nite disease. For the oldest female category, the observed
incidence rate was similar in short and long stays. We ob-
served that a greater proportion of elderly females with a
short stay were discharged to nursing homes; so the patients
with the most severe incapacities may have been discharged
sooner. This observation does not apply to males who are
less frequently discharged to a nursing home (probably be-
cause males generally do not live alone).

A few cellsin Table 4 revea a considerable lack of fit
which is attributable to the triple interaction between sex,
length of stay and age in non-surgical patients. The impact
of sex is higher in the oldest patients with a long stay but
negligible in the youngest ones. Owing to physiological de-
cling, it is not surprising that the oldest men have more inca-
pacities than their female counterparts. This is also ex-
pressed in the fact that the intra-hospital mortality rate was
particularly high in men over 85 years with along stay.

The incidence rate of first fals in the CHUV is rather
low in comparison to other hospitals, but the global rate (2.7
per 1000 days), as well as specific rates per risk strata (see
Tables 4 and 5), are compatible with published values in
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Observed and predicted values of first fall in medical patients
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Females

Males

No morbidity predisposition Morbidity predisposition No morbidity predisposition Morbidity predisposition

Age =55
LOS <20 days®
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% ClI)
LOS >20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
Age (55-75)
LOS <20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
LOS >20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
Age (75-85)
LOS <20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
LOS >20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
Age >85
LOS <20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
LOS >20 days
Observed (expected) first falls
Observed IR per 1000 days

7(4.2)
0.95
0.57 (0.41-0.80)

4(2.7)
2.06
1.39 (0.98-2.01)

4(5.3)
0.69
0.91 (0.65-1.25)

7(65)
2.41
2.24 (1.62-3.03)

5(2.0)
2.32
0.93 (0.6-1.35)

5(3.5)
3.15
2.21 (1.70-3.15)

4(4.0)
1.46
1.46 (1.02-2.04)

9(11.2)
2.86
3.56 (2.70-4.67)

3(7.7)
0.36
0.93 (0.66-1.29)

5 (4.5)
250
2.25 (1.60-3.20)

13 (11.7)
1.63
1.47 (1.08-1.99)

8(8.8)
3.30
3.63(2.68-4.87)

3(4.3)
1.02
1.46 (1.02-2.04)

5(7.2)
251
3.61 (2.61-5.01)

9 (11.0)
1.91
2.34(1.70-3.21)

23(25.9)
5.12
5.76 (4.52-7.36)

16 (19.6)
250
3.06 (2.37-3.95)

36 (34.9)
481
4,66 (3.74-5.80)

18 (15.8)
455
3.99 (3.01-5.26)

20 (27.6)
440
6.08 (4.73-7.77)

Expected IR per 1000 days (95% Cl)

27 (26.9)
498
4.97(3.91-6.31)

39 (32.1)
9.17
755 (6.09-9.43)

13 (13.0)
6.46
6.46 (4.82-8.65)

20 (12.7)
155
9.87 (7.46-12.9)

3OS = length of stay.

non-selected populations of acute-care hospitals [1,13]. We
did not find any indication that falls were under-reported.
Reporting fallsisan old custom in this hospital, with the en-
tire staff aware of the fact that hospital management wants
to document these incidents, especially for liability-related
reasons; only departments with very low expected rates had
no falls. The relatively constant number of falls per month
suggests that our data were rather reliable.

When al data required to categorize risk strata are rou-
tinely available in a hospital (and they usually are in devel-
oped countries), expected rates for a given setting are easily
computed, using the stratum specific expected incidence
rates provided in Tables 4 and 5 as the set of weights. Stan-
dardized rate ratio (observed rates divided by expected
rates) may be used to compare health care providers. The
selection of the independent variables for modeling fall
rates is of course a magjor concern. Using easily available
data does not account for sufficient information on disabili-
ties or comorbidity that might strongly influence the out-
come. Variables scoring cognition or mobility impairment,

might improve the model’s performances [19,26], but it
would be costly to systematically gather this information on
al acute-care inpatients. The use of standardized rate ratio
should be restricted to surveillance purposes. It might revea
that a particular setting has unusually high rates. The evalu-
ation of care must be assessed in greater detail at the local
level to confirm that a quality problem exists and to deter-
mine its cause. As most studies about inpatient falls were
confined to geriatrics or rehabilitation care, the present
study shows that falls occurred in most units including the
pediatric one, stressing the importance of monitoring fallsin
al units. Environmental causes for a fall, which are indeed
beyond the control of the hospital services, are certainly
more frequent in younger people.

The present study shows that the performance of the pro-
posed model was satisfactory for its purpose, measuring an
outcome indicator making allowance for case mix in a cost-
effective manner. It seems sufficiently precise and medi-
cally plausible to compare first fall rates between hospitals.
Even if studiesin other institutions were to modify the coef-
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Table5

Observed and predicted values of first fall in surgical patients
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Females

Males

No morbidity predisposition Morbidity predisposition No morbidity predisposition Morbidity predisposition

Age <55
LOS <20 days®
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% CI)
LOS >20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
Age (55-75)
LOS <20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% CI)
LOS >20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
Age (75-85)
LOS <20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% Cl)
LOS >20 days
Observed (expected) first falls
Observed IR per 1000 days
Expected IR per 1000 days (95% CI)

3(23)
0.41
0.32 (0.22-0.47)

1(25)
031
0.79 (0.57-1.13)

3(2.6)
0.60
0,52 (0.36-0.72)

4(6.2)
0.82
1.26 (0.93-1.73)

0(0.6)
0.00
0.54 (0.36-0.81)

2(2.3)
1.10
1.27 (0.88-1.82)

2(1)
1.66
0.83 (0.58-1.16)

11 (5.1)
432
2.00 (1.49-2.71)

3(4.3)
0.60
0.52 (0.36-0.72)

7(6.8)
1.32
1.28 (0.92-1.79)

6(6.3)
0.79
0.83 (0.61-1.15)

17 (12.7)
273
2.04(153-2.73)

1(15)
057
0.86 (0.57-1.26)

8(5.5)
3.00
2.06 (1.46-2.88)

6 (3.4)
233
1.32 (0.93-1.90)

8(12.6)
2.08
3.27 (2.49-4.26)

5(4.9)
177
1.74 (1.28-2.34)

10 (11.4)
2.32
2.65 (2.04-3.42)

9(8.7)
2.92
2.83(2.11-3.74)

15 (18.5)

3.47
4.28 (3.33-5.49)

Age >85

LOS <20 days
Observed (expected) first falls 4(2.3)
Observed IR per 1000 days 3.90
Expected IR per 1000 days (95% CI)

LOS >20 days
Observed (expected) first falls 8(9.8)
Observed IR per 1000 days 281
Expected IR per 1000 days (95% Cl)

2.24 (1.56-3.21)

3.4 (2.57-4.60)

1(1.8)
2.04
3.67 (2.65-5.00)

3(4.1)
413
5.65 (4.00-7.58)

8 0OS = length of stay.

ficients of the model, it is unlikely that the ranking of com-
pared hospitals would show important change because age,
morbidity predisposition, length of stay and gender will
have similar impact on therisk of falls. Its validity needs to
be established on other data sets than those from which it
was derived, however. Evaluating its performance on subse-
quent patients within the same center would not guarantee
that the model is transportable to other hospitals; etiology of
falls may differ from one country or one hospital to the next.
Although we believe that such differencesin context cannot
completely modify risk ratios between risks groups, scien-
tific validity of the model can only be ascertained by subse-
guent studies.

More than one-third of falls were judged avoidable by
the nurses who completed the incident report. The analysis
of causes suggests intervention in the following safety do-
mains—a better assessment of patient risk by the caregivers,
instructing patients in safer way to move about, safety rec-
ommendations for wheelchair use. Nurses in this hospital

continued to advocate bedrails as a preventive device,
mostly in confused or sedated patients, although current ev-
idence-based recommendations have restricted their use to
rare and well-documented situations [45,46]. Thisis not re-
aly surprising since studies have suggested that the use of
restraints is more common than desirable especially in such
patients [47,48].

About one-fifth of first fals were followed by at least
one more fall. The rate of recurrent events is important, be-
cause a high rate of recurrent fall may especially increase
the risk of injury [6]. Consequently, some have argued for
the use of al observed falls rates, defined as the number of
falls possibly including multiple falls per person divided by
the total person-days of exposure, rather than first fall rates
[17]. Biostatistics literature offers strategies to deal with the
dependence of recurrent events when assessing their risk
factors [49,50]. The analysis of overall rates assumes, how-
ever, that risk factors are the same for all recurrences. Be-
cause nursing staff and patients are both likely to change
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their habits whenever a fall occurs, the validity of this as-
sumption is not guaranteed. Separate models for first and
subsequent events seem therefore more appropriate.

The present study givesrise to several recommendations.
Falls should be clearly defined, notably by separately identi-
fying first falls, and including al sources of information, re-
gardless of whether falls were witnessed by staff or not.
Distinguishing afirst fall from subsequent falls warrantsin-
dependence of observations and averts bias due to under-
reporting of multiple falls. It is not enough to report falls.
Fall-related data should be systematically computerized in
order to periodically monitor occurrence rates of first fall by
using an appropriate unit of measurement (e.g., inpatient
first falls per 1000 inpatient days). Hospitals could send
their number of first fallsto a national agency, which on the
basis of known case mix would provide them with feedback
on the lower and upper limit of their expected number of
first falls. To avoid under-reporting, results should be pub-
lished without naming the hospital.

Except for fallsresulting from an overwhelming intrinsic
or environmental cause it is difficult to classify the causes
of falls into discrete reproducible categories such as avoid-
able and not avoidable. Quality evaluation based uniquely
on a case-by-case review is not only time consuming but
probably of not much use to target preventive actions.
Benchmarking creates opportunities to learn about the qual-
ity of care and to improve it. When observed incidence rates
for first falls exceed the upper limit of expected rates, a
causal analysis based on an investigation of circumstances
surrounding falls should be performed. The prevention of
falsrelated to extrinsic environmental hazards entails activ-
itiesthat differ substantially from activitiesinvolving intrin-
sic factors. If a hospital or department appears to show re-
sults that are high but lie within the boundaries of expected
falls, it may be appropriate to extend the period of analysis
in order to increase the precision of observed rates. The in-
cidence rate of subsequent falls may be viewed as a proxy
of the efficacy of secondary prevention.

In conclusion, the proposed model provides asimple and
clinically credible tool. It can be used by national health
agencies and hospitals alike to compare fal occurrence
rates between hospitals, to identify the need of prevention
activities, and to follow prevention programs. Its reliability
should nonetheless be evaluated by other researchers on
new series of patientsin different settings.

Appendix A

AP-DRG classification system assigns patientsinto clini-
cally coherent groups that demonstrate similar consumption
of hospital resources and length of stay patterns. They are
based on routinely available data and widely used in most
developed countries [51]. For more details see the docu-
mentation; All Patients Diagnosis Related Groups (AP-
DRGs) version 12.0; 3M Hedth Information Systems,
Wallingford, CT.

AP-DRGs predisposing to fall:

Craniotomy and spinal surgery: 1-2, 4, 737-739, 792

Neoplasm, infections, degenerative and cerebrovascular
disorders of the central nervous system: 9-17, 2022

Alteration of consciousness: 23, 761-767

Heart disease with cardiovascular complications: 110, 115,
121, 123, 127, 129-130, 135, 138, 141, 144, 478, 796, 808

Systemic infections; 415-423, 702

Mental disorders: 424-432

Alcohoal or psychoactive drug abuse: 743-751

Rehabilitation: 462

Hospitalization with major complications: 530-587, 633,
703, 708-710, 714, 793-794

AP-DRGs with an operating room procedure;

1, 2, 4-8, 36-42, 4963, 75-77, 103-108, 110-120, 146-
171, 191201, 209-213, 216-234, 257-261, 263-270, 285
293, 302-315, 334-345, 353-365, 377, 381, 392—-394, 400—
402, 406408, 415, 424, 439, 440-443, 461, 468, 471472,
476-480, 482483, 491, 493-494, 530-531, 534, 536, 538—
539, 545-550, 556-559, 564-565, 567, 571, 573, 575, 579,
581, 583, 585, 700-704, 730-732, 737739, 755-759, 786—
787, 789-793, 795-798, 805-807, 809.

References

[1] Morgan VR, Mathison JH, Rice JC, Clemmer DI. Hospitd falls: a
persistent problem. Am J Public Health 1985;75:775-7.

[2] Sutton JC, Standen PJ, Wallace WA. Patient accidentsin hospital: in-
cidence, documentation and significance. Br J Clin Pract 1994;48:
63-6.

[3] Avillion A, Mirgon B, editors. Developing a nursing quality assur-
ance program: assessment and planning. In: Quality assurance in re-
habilitation nursing, a practical guide. Rockville, MD: Aspen Pub-
lishersInc., 1989. p. 31-53.

[4] Ruckstuhl MC, Marchionda EE, Salmons J, Larrabee JH. Patients
falls: an outcome indicator. J Nurs Care Qual 1991;6:25-9.

[5] American Nurses Association. Nursing quality indicators: definitions
and indications. Washington DC: American Nurses Association,
1996.

[6] Rubenstein LZ, Josephson KR, Robbins AS. Falls in the nursing
home. Ann Intern Med 1994;121:442-51.

[7] Huda A, Wise LC. Evolution of compliance within a fall prevention
program. J Nurs Care Qual 1998;12:55-63.

[8] Favaretti C, Mariotto A. The quality improvement system in the hos-
pitals of Padua (Italy). Qual Assurance Health Care 1992;4:97-104.

[9] Poster EC, Pelletier LR, Kay K. A retrospective cohort study of falls
in a psychiatric inpatient setting. Hosp Community Psychiatry 1991;
42:714-20.

[10] TutuarimaJA, van der Meulen JHP, de Haan RJ, van Straten A, Lim-
burg M. Risk factors for falls of hospitalized stroke patients. Stroke
1997,28:297-301.

[11] Nyberg L, Gustafson Y, Janson A, Sandman PO, Eriksson S. Inci-
dence of fallsin three different types of geriatric care: a Swedish pro-
spective study. Scand J Soc Med 1997;25:8-13.

[12] Morse M, Prowse MD, Morrow N, Federspiel G. A retrospective
analysis of patient falls. Can J Public Health 1995;76:116-8.

[13] Morse JM, Black C, Oberle K, Donahue P. A prospective study to
identify the fall prone patient. Soc Sci Med 1989;28:81-6.

[14] Aisen ML, lverson D, Schwalbe C, Weaver B, Aisen S. Fallson a
neurorehabilitation unit: reassessment of a prevention program. JAm
Paraplegia Soc 1994;17:179-82.



1266 P. Halfon et al. / Journal of Clinical Epidemiology 54 (2001) 12581266

[15] Sehested P, Severin-Nielsen T. Falls by hospitalized elderly patients:
causes, prevention. Geriatrics 1977;32:101-8.

[16] Morse IM, Morse RM. Calculating fall rates: methodological con-
cerns. Qual Rev Bull 1988;14:369-71.

[17] Cumming RG, Kelsey JL, Nevitt MC. Methodologic issues in the
study of frequent and recurrent health problems: falls in the elderly.
Ann Epidemiol 1990;1:49-56.

[18] O'BrienBL, O'Such DJ, Palette SV. Setting realistic goals for quality
assurance monitoring: patient falls versus patients days. Qual Rev
Bull 1987;13:339-42.

[19] Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among eld-
erly personsliving in the community. N Engl JMed 1988;319:1701—7.

[20] Wolfson LI, Whipple R, Amerman P, Kaplan J, Kleinberg A. Gait
and balance in the elderly: two functional capacities that link sensory
and motor ability to falls. Clin Geriatr Med 1985;1:649-59.

[21] Hendrich A, Nyhuis A, Kippenbrock T, Soja ME. Hospital falls: de-
velopment of a predictive model for clinical practice. Appl Nurs Res
1995;8:129-39.

[22] Janken JK, Reynolds BA, Swiech K. Patient falls in the acute care
setting: identifying risk factors. Nurs Res 1986;35:215-9.

[23] Ivers RQ, Cumming RG, Mitchell P, Attebo K. Visua impairment
and fallsin older adults: the Blue Mountains Eye Study. JAm Geriat
Soc 1998;46:58-64.

[24] Cliver D, Britton M, Seed P, Martin FC, Hopper AH. Development
and evaluation of evidence based risk assessment tool (STRATIFY)
to predict which elderly inpatients will fall: case control and cohort
studies. Br Med J 1997;315:1049-53.

[25] Bates DW, Pruess K, Souney P, Platt R. Serious falls in hospitalized
patients: correlates and resource utilization. Am J Med 1995;99:
137-43.

[26] Tinetti ME, Williams F, Mayewski R. Fall risk index for elderly pa-
tients based on number of chronic disabilities. Am J Med 1986;80:
429-34.

[27] Morris JC, Rubin EH, Morris EJ, Mandel SA. Senile dementia of the
Alzeimer’s type, an important risk factor for serious falls. J Gerontol
1987;42:412—7.

[28] Nevitt MC, Cummings SR, Kidd S, Black D. Risk factors for recur-
rent nonsyncopal falls: a prospective study. JAMA 1989;261:2663-8.

[29] Thomas EJ, Studdert DM, Burstin HR, Orav EJ, Zeena T, Williams
EJ, Howard KM, Weiler PC, Brennan TA. Incidence and types of ad-
verse events and negligent care in Utah and Colorado. Med Care
2000;38:261-71.

[30] Cushing M. Finding fault when patients fall. Am J Nurs 1989;89:
808-9.

[31] Ray WA, Taylor JA, Meador KG, et a. A randomized trial of a con-
sultation service to reduce falls in nursing homes. JAMA 1997;278:
557-62.

[32] Gillespie LD, Gillespie WJ, Cumming R, Lamb SE, Rowe BH. In-
terventions for preventing fals in the elderly. Cochrane Database

Syst Rev. In: The Cochrane Library, Issue 4, Oxford: Update Soft-
ware, 2000.

[33] King MB, Tinetti ME. A multifactorial approach to reducing injuri-
ousfalls. Clin Geriatr Med 1996;12:745-59.

[34] Eggli VY, Yadcin T, Basterrechea L. Le systeme d’information di-
rigeant des Hospices: conception générale. Raisons de santé, No. 5.
[Hospices Cantonaux Executive Information System] Lausanne,
Switzerland: Hospices cantonaux, 1997.

[35] 3M Hedth Information Systems. All Peatients Diagnosis Related
Groups (AP-DRGs), Version 12.0. Definitions Manual. Wallingford,
CT: 3M, 1994.

[36] Morse IM. Computerized evaluation of a scale to identify the fall-
prone patient. Can J Public Health 1986;77(Suppl):21-6.

[37] Salgado R, Lord SR, Packer J, Ehrlich F. Factors associated with fall-
ing in elderly hospital patients. Gerontology 1994;40:325-31.

[38] Gluck T, Wientjes HJ, Rai GS. An evauation of risk factors for in-
patient falls in acute and rehabilitation elderly care wards. Gerontol-
ogy 1996;42:104—7.

[39] Thapa PB, Gideon P, Fought RL, Ray WA. Psychotropic drugs and
risk of recurrent falls in ambulatory nursing home residents. Am J
Epidemiol 1995;142:202-11.

[40] Granek E, Baker SP, Abbey H, et al. Medications and diagnosesin re-
lation to fallsin along term care facility. J Am Geriatr Soc 1987;35:
503-11.

[41] Tsai YF, Witte N, Radunzel M, Keller ML. Fallsin apsychiatric unit.
Appl Nurs Res 1998;11:115-21.

[42] Sobel KG, McCart GM. Drug use and accidental fallsin an interme-
diate care facility. Drug Intell Clin Pharm 1983;17:539-42.

[43] Stata Corporation. Stata reference manua release 6. Vol 2. College
Station, TX: Stata Press, 1999. p. 423-431.

[44] Averill R, Goldfield N, Steinbeck B, Grant T. All patient refined di-
agnosisrelated groups. Wallingford, CT: 3M Health Information Sys-
tems, 1995.

[45] Hanger HC, Ball MC, Wood LA. An analysis of fallsin the hospital:
can we do without bedrails. Am J Geriatr Soc 1999;47:529-31.

[46] Tinetti ME, Liu WL, Ginter SF. Mechanical restraint use and fall re-
lated injuries among residents of skilled nursing facilities. Ann Intern
Med 1992;116:369-74.

[47] DeSantisJ, Engberg S, Rogers J. Geropsychiatric restraint use. JAm
Geriatr Soc 1997;45:1515-8.

[48] Tinetti ME, Liu WL, Marottoli RA, Ginter SF. Mechanical restraint
use among residents of skilled nursing facilities: prevalence, patterns,
and predictors. JAMA 1991;265:468-71.

[49] Zeger SL, Liang KY. Longitudinal data analysis for discrete and con-
tinuous outcomes. Biometrics 1986;42:121-30.

[50] GlynnRJ, Buring JE. Ways of measuring rates of recurrent events. Br
Med J 1996;312:364—7.

[51] Casas M. Issues for comparability of DRG statistics in Europe: re-
sults from EURODRG. Health Policy 1991;17:121-32.



