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Objective: To quantify the type, prevalence, and cost of imaging following inpatient falls, 

identify factors associated with post-fall imaging, and determine correlates of positive versus 

negative imaging.

Design: Single-center retrospective cohort study of inpatient falls. Data were collected from the 

hospital’s adverse event reporting system, DrQuality. Age, sex, date, time, and location of fall, 

clinical service, Morse Fall Scale/fall protocol, admitting diagnosis, and fall-related imaging 

studies were reviewed. Cost included professional and facilities fees for each study.

Setting: Four hundred and fifteen bed urban academic hospital over 3 years (2008–2010).

Patients: All adult inpatient falls during the study period were included. Falls experienced by 

patients aged ,18 years, outpatient and emergency patients, visitors to the hospital, and staff 

were excluded.

Measurements and main results: Five hundred and thirty inpatient falls occurred during 

the study period, average patient age 60.7 years (range 20–98). More than half of falls were 

men (55%) and patients considered at risk of falls (56%). Falls were evenly distributed across 

morning (33%), evening (34%), and night (33%) shifts. Of 530 falls, 178 (34%) patients were 

imaged with 262 studies. Twenty percent of patients imaged had at least one positive imaging 

study attributed to the fall and 82% of studies were negative. Total cost of imaging was $160,897, 

63% ($100,700) from head computed tomography (CT).

Conclusion: Inpatient falls affect patients of both sexes, all ages, occur at any time of day and 

lead to expensive imaging, mainly from head CTs. Further study should be targeted toward 

clarifying the indications for head CT after inpatient falls and validating risk models for positive 

and negative imaging, in order to decrease unnecessary imaging and thereby limit unnecessary 

cost and radiation exposure.
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Introduction
Inpatient falls have been a quality of care issue for decades and add to the significant 

financial burden of health care costs. The Centers for Medicare and Medicaid Services 

has stopped paying for inpatient care related to iatrogenic events,1 encouraging wide-

spread quality initiatives designed to reduce nosocomial complications including falls 

from patient beds. Inpatient falls alone are quite common, ranging from 2.3 to 17.1 

falls per 1,000 patient-days.2,3 Approximately 30% of these falls result in morbidity 

and up to 6% of these injuries are serious, including fractures, subdural hematomas, 

significant bleeding, and even death.2,4,5 Patients who sustain fall-related injuries are 

reported to have higher overall hospital charges than similar matched patients who did 

not fall during their hospitalization. Falls that occur in hospital and result in injury are 
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costly to both patients and health care institutions;6 in 1995 

these charges, including surgical interventions, imaging, 

and additional hospital days, were more than $4,200 higher 

for patients experiencing an injurious inpatient fall than for 

those who did not.7

Bohl et al considered imaging among the components of 

cost after “medical fall” (any fall, regardless of setting, that 

results in medical attention),8 Wong et al analyzed all costs 

related to serious inpatient fall-related injuries,9 and Haines 

et al considered cost of overall imaging studies when analyz-

ing potential cost savings from a patient education program 

to prevent inpatient falls,10 but to our knowledge, there are no 

studies designed specifically to evaluate the type, prevalence, 

and cost of imaging studies related to all falls that occur 

in patients already hospitalized. To address this gap, this 

study’s objectives were to 1) quantify the type, prevalence, 

and financial cost of imaging hospitalized patients follow-

ing a fall; 2) identify risk factors associated with imaging 

patients after a fall; and 3) identify correlates for patients 

both with positive and negative imaging studies.

Methods
This study was conducted at Tufts Medical Center, a 415-bed 

urban academic teaching hospital affiliated with Tufts Uni-

versity School of Medicine in Boston, MA, USA. The study 

design was a retrospective cohort study, which included all 

adult inpatients who experienced a fall between January 1, 

2008 and December 31, 2010. All 530 inpatient falls reported 

on medical, surgical, neurological, psychological, and gyne-

cological services were included. Medical services included 

all general medicine, medical subspecialty, and medical 

intensive care patients. Surgical services included all general 

surgical, surgical subspecialty, and surgical intensive care 

patients. Neurological services included neurology and neu-

rosurgery. Pediatric inpatients (age ,18 years), emergency 

department patients, outpatients, visitors to the hospital, and 

staff members were excluded as the aim was to study imag-

ing related to falls that occurred in hospitalized adults. The 

study was approved by the Institutional Review Board of Tufts 

Medical Center/Tufts University School of Medicine.

Patient falls were identified using the hospital’s online 

adverse event reporting system, DrQuality (Quantros, Inc., 

Milpitas, CA, USA). DrQuality, an online reporting system 

implemented at Tufts Medical Center in 2002, is available 

to all employees of Tufts Medical Center, including physi-

cians, nurses, pharmacists, technicians, and other ancillary 

staff, to document medical errors and near misses. All falls 

occurring in the hospital are documented exclusively in the 

DrQuality reporting system, most often by nurses. A fall 

is defined within the adverse event reporting system as an 

involuntary descent to the floor. At Tufts Medical Center 

in 2008, the rate of reported falls was 2.2 falls per 1,000 

patient-days and in 2009 and 2010 the rate was 2.3 falls per 

1,000 patient-days.

DrQuality error reports categorized as “falls” occurring 

between January 1, 2008 and December 31, 2010 were col-

lected and reviewed. Age, sex, medical record number, date of 

fall, time of fall, location of the fall, clinical service, admit-

ting diagnosis, Morse Fall Scale assessment, fall protocol use, 

and whether the fall was witnessed were extracted from these 

DrQuality reports. We controlled for variability by having a 

single radiology resident perform subsequent chart reviews 

using only medical record number and date of fall to iden-

tify fall-related imaging studies. The criteria used to define 

“fall-related” were 1) the study was performed immediately 

following the fall through the time of discharge and 2) it was 

ordered to evaluate a fall-related condition according to the 

order given to the radiology department and/or the patient’s 

medical record. Imaging studies included all radiographic 

studies, including X-ray, computed tomography (CT), and 

magnetic resonance imaging (MRI) related to the fall during 

the inpatient stay (initial images and those ordered to reas-

sess fall-related pathology). A positive finding on an imaging 

study was defined as any new finding that could potentially be 

explained by the trauma of the fall based on medical record 

review. For example, a head CT that shows a new bleed after 

fall would be considered positive, as would a new fracture 

consistent with the mechanism of the fall, while a head CT 

with a new malignant lesion would not.

Cost was calculated based on total charges billed by Tufts 

Medical Center at the time of the study, both professional and 

facilities fees, for each radiographic study ordered per fall. 

Patients who fell more than once during the study period were 

included repeatedly with each distinct fall episode for cost 

calculations, but were excluded when performing statistical 

analysis of characteristics of falling patients.

Characteristics of patients who were imaged were com-

pared to those who were not imaged using the chi-square 

test and Student’s t-test as appropriate. Patients with positive 

imaging were compared to those with negative imaging in 

the same manner.

Results
Characteristics of inpatients who fell
During the study period from 2008 to 2010, 530 inpa-

tient falls were reported at Tufts Medical Center. There 
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Table 1 Characteristics of 530 inpatients who fell from  
2008 to 2010 during stay at Tufts Medical Center

Characteristics N=530 (%)

Age (mean age =60.7)
  18–44 87 (16)
  45–64 220 (42)
  .65 223 (42)
Sex
  Male 294 (55)
  Female 236 (45)
Admitting service
  Medicine 307 (58)
 S urgery 80 (15)
  Obstetrics/gynecology 14 (3)
  Psychiatry 63 (12)
 N eurological 66 (12)
Time/shift of fall
  Morning (7 am–3 pm) 176 (33)
  Evening (3 pm–11 pm) 179 (34)
 N ight (11 pm–7 am) 175 (33)
Fall risk assessment (Morse Fall Scale)
  Positive 298 (56)
 N egative 153 (29)
  Missing 79 (15)

Table 2 Characteristics of 178 patients who were imaged and 
352 patients not imaged after a fall from 2008 to 2010 during 
hospital stay

Characteristics Imaged 
n=178  
(34%)

Not  
imaged 
n=352  
(66%)

P-value  
(Pearson’s  
chi-squared  
test)

Age
  18–44 26 (30) 61 (70) 0.23
  45–64 68 (30) 152 (70)
  .65 84 (37) 139 (63)
  Mean 62.6 years 59.7 years 0.07
Sex
  Male 99 (34) 195 (66) 0.96
  Female 79 (33) 157 (67)
Admitting service
  Medicine 119 (39) 188 (61) 0.02
 S urgery 15 (19) 65 (81)
 � Obstetrics/gynecology 4 (28) 10 (72)
  Psychiatry 19 (30) 44 (70)
 N eurological 21 (32) 45 (68)
Time/shift of fall
 � Morning (7 am–3 pm) 48 (27) 128 (73) 0.09
 � Evening (3 pm–11 pm) 67 (37) 112 (63)
 �N ight (11 pm–7 am) 63 (36) 112 (64)
Fall risk assessment (Morse Fall Scale)
 H igh fall risk 103 (35) 195 (65) 0.41
 L ow fall risk 47 (30) 106 (70)
  Missing 28 (35) 51 (65)

were 46,192 admissions to the hospital with 229,601 total 

patient-days during this time. Therefore, the fall incidence 

rate was 2.3 falls per 1,000 patient-days. The characteristics 

of inpatients who fell are listed in Table 1. There were 530 

falls with 507 unique patients who fell once. The mean age 

of patients who fell was 60.7 years (range 20–98), while the 

average age of an adult inpatient during the study period was 

54 years. The Tufts Medical Center adult inpatient popula-

tion was 47% male; however men fell more frequently than 

woman (55% versus [vs] 45%), although this difference was 

not statistically significant (P=0.96).

Falls occurred on all adult inpatient services without 

association with identified fall risk. The medical services at 

Tufts Medical Center are the largest group of services, and 

most of the inpatient falls did occur on the medical services 

(58%). Falls were evenly divided throughout the day among 

shifts, morning (33%), evening (34%), and night (33%). 

Morse Fall Scale assessment was documented in 85% of the 

DrQuality reports; 56% of those who fell were deemed to be 

at risk of falls, whereas 29% were not.

Characteristics of inpatients  
imaged after fall
Of the 530 falls during the study period, 178 (34%) 

patients were imaged after the fall and their characteristics 

are listed in Table 2. Imaged patients were approximately 

3 years older on average than non-imaged (62.6 years vs 

59.7 years, P=0.07). More patients were imaged after 

falling on the medicine service than on the other services 

(medicine 39%, surgery 19%, obstetrics/gynecology 28%, 

psychiatry 30%, neurology 32%; P=0.02). Sex, Morse Fall 

Scale, and shift during which the fall occurred were not 

significantly associated with obtaining post-fall imaging 

(Table 2).

Characteristics of inpatients with  
positive and negative imaging studies
Of the 178 inpatients who were imaged following their fall, 

35 (20%) patients had a positive study (Table 3). However, 

positive imaging after fall was not statistically associated 

with age, sex, time of day, admitting service, or Morse Fall 

Scale risk.

Relative frequency and cost of imaging
Of the 530 inpatient falls, 178 patients (34%) were imaged 

with a total of 262 fall-related studies ordered. There was an 

average of 1.5 studies ordered per patient (range 1–5 studies). 

Of all the studies ordered following a fall (Table 4), the pre-
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Table 3 Characteristics of 178 patients imaged after an inpatient 
fall from 2008 to 2010 comparing those with positive (35) to 
those with negative studies (143)

Characteristics Negative  
study  
n=143 (80%)

Positive  
study  
n=35 (20%)

P-value

Age (mean 61)
  18–44 24 (92) 2 (8) 0.13
  45–64 51 (75) 17 (25)
  .65 68 (80) 16 (20)
  Mean 62.6 62.5
Sex
  Male 79 (79) 20 (21) 0.84
  Female 64 (81) 15 (19)
Admitting service
  Medicine 98 (82) 21 (18) 0.84
 S urgery 11 (73) 4 (27)
  Obstetrics/gynecology 3 (75) 1 (25)
  Psychiatry 14 (74) 5 (26)
 N eurological 17 (81) 4 (19)
Time/shift of fall
  Morning (7 am–3 pm) 36 (75) 12 (25) 0.40
  Evening (3 pm–11 pm) 57 (85) 10 (15)
 N ight (11 pm–7 am) 50 (79) 13 (21)

Fall risk assessment (Morse Fall Scale)
  Positive 85 (82) 18 (18) 0.69
 N egative 40 (85) 7 (15)
  Missing 18 (64) 10 (36)

Table 4 Cost of imaging by type, cost per positive imaging study

Studies ordered 
2008–2010

Cost per study 
(average)

Total done  
N (%)

Negative 
N (%)

Positive 
N (%)

Total  
cost (%)

Cost per positive 
($)

Head CT $662.50 152 (58) 129 (85) 23 (15) $100,700 (63) $4,378.26
Other CT $1,013.03 37 (14) 26 (70) 11 (30) $37,482 (23) $3,407.45
X-ray $193.89 65 (25) 54 (83) 11 (17) $12,603 (8) $1,145.73
MRI $1,264 8 (3) 5 (63) 3 (37) $10,112 (6) $3,370.67
Totals 262 214 (82) 48 (18) $160,897 $3,352.02

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.

ponderance were head CTs (152 studies, 58%). Of the head 

CTs, 85% were negative, whereas 70% of the other CTs 

were negative, 83% of X-rays and 63% of MRIs. The total 

cost of head CTs was $100,700 (63%), other CTs $37,482 

(23%), X-rays $12,603 (8%), and MRIs $10,112 (6%); the 

overall cost of imaging during the 3-year study period was 

$160,897.

Discussion
The intent of this study was to look specifically at imaging 

performed due to inpatient falls and assess their type, preva-

lence, and contribution to health care costs. As the US Centers 

for Medicare and Medicaid Services withdraws payment 

for iatrogenic conditions, cost of imaging for inpatient falls 

may come under increased scrutiny, and this study provides 

a starting point for understanding these costs.

In order to understand imaging patterns and costs, we 

first needed to analyze the characteristics of the inpatient 

falls that occurred during the study period (Table 1). Fallers 

were slightly older than the average adult inpatient during 

the study period (60.7 vs 54 years). Forty-two percent of the 

patients in our study who fell were .65 years, the age one 

qualifies for Medicare. Sex was not statistically associated 

with inpatient falls, and while patients fell on all inpatient 

services included in our study and equally at all times of day, 

the largest share of falls took place on our largest service, 

adult medicine. Unfortunately we did not have access to the 

hospital level data needed to determine whether this rate was 

disproportionately high relative to the other services.

We theorized that assessed fall risk could be related to 

likelihood of falls and imaging, however while the Morse 

Fall Scale assessment was performed by protocol on all new 

admissions, 15% of the time it was not documented in the 

adverse event reporting system (DrQuality). Fifty-six percent 

of those who fell had a positive assessment documented, and 

therefore had fall precautions in place (non-skid socks, yellow 

wrist band, and yellow precaution signs as well as escort for 

toileting), yet they fell anyway. Nearly 30% of those who fell 

were assessed as not at risk for fall, and therefore had received 

no precautions prior to the fall. It is possible that patients 

with precautions in place may have suffered less injury due 

to these precautions, but this study was designed to look at 

imaging, and could not quantify subsequent injury.

With respect to whether or not imaging was performed 

after a fall, our study suggested that patients may be less likely 

to be imaged if they are younger (less than 65 years of age), 

if they fell on the morning shift, or if they fell on a surgical 

service (Table 2). Explanations for these findings include 

clinical comorbidities not collected in DrQuality reports and 

other patient factors such as ability to give a good history 

for unwitnessed falls, level of staffing on different shifts, and 

differences in the training of the physicians caring for these 

patients (surgeons, medical doctors, and psychiatrists).
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In terms of the imaging studies themselves, our study 

found that the majority of the imaging studies ordered fol-

lowing an in hospital fall are head CTs, and that these are 

relatively expensive ($662 per head CT vs $194 per X-ray). 

Head CTs made up 63% of the total cost ($100,700 of the 

$160,897 spent on post-fall imaging over 3 years), and a 

large portion of the head CTs were negative (85%). This 

rate is greater than that of the other types of imaging stud-

ies with the exception of X-rays, which were negative 83% 

of the time but accounted for only 8% of the total cost of 

post-fall imaging.

The clinical rationale behind the substantial use of head 

CTs after inpatient falls is likely multifactorial. A common 

and significant risk a physician faces when assessing a patient 

after a fall is missing an acute intracranial hemorrhage (ie, 

subdural hematoma);11 these can be difficult to diagnose on 

physical exam, especially early on, and devastating to the 

patient and physician if missed. For unwitnessed falls in 

which the patient cannot provide a clear history, the definitive 

method to rule out intracranial hemorrhage at present is head 

CT. Non-contrast head CTs are quick and pose little risk to 

the patient other than radiation exposure and expense, making 

it relatively easy to justify ordering one if even a small risk 

of hemorrhage exists. At present, physicians have only their 

clinical assessment to guide them in their decision to order 

a head CT, and as there is no evidence-based algorithm to 

help them estimate the risk of intracranial hemorrhage after 

inpatient fall for any given patient, many will err on the side 

of caution. Regardless of the clinical rationale, the fact that 

such a high percentage of these head CTs are negative raises 

the question of whether they are all medically necessary.

Using the hospital incident reporting system to collect 

our data had the advantage of ensuring that all falls were 

included in the study, but it also created limitations, as 

the system was designed for quality and safety reporting 

purposes, not for research. Each report had standardized 

fields with and without dropdown boxes to record pertinent 

information about the fall, however, not all of these fields 

were mandatory, and consequently, there was missing data. 

The reporting template did provide space for free text, 

but did not specify or suggest what information should be 

included, thus free text inputs were subjective, variable, and 

often not present, making it very difficult to include them 

in the analysis. There was also very little clinical data in the 

reports (ie, mental status, anticoagulation, or sedating medi-

cations), which also limited our ability to analyze the factors 

contributing to imaging for falls and the clinical outcomes 

associated with these falls. Other limitations of this study 

were that it was a single center retrospective study with no 

available control group. In addition, while our study is not 

sufficiently powered to help us identify the patients who can 

safely avoid imaging after an in hospital fall, it does give us 

a better understanding of current imaging practices and the 

costs associated with them.

As the cost of health care in the US continues to sky-

rocket, understanding the role and subsequent financial 

implications of imaging in inpatient falls is an important 

piece of the bigger picture.12 The concern about costs 

associated with inpatient falls is not limited to the US;13 

Nadkarni et  al looked specifically at orthopedic injuries 

caused by inpatient falls in the UK and found that the addi-

tional hospital costs incurred by such injuries contributed 

a significant expenditure to the national health system5 

and the cost of falls worldwide has also been studied.14–16 

Our study found that the bulk of costs related to post-fall 

imaging stem from head CTs, the lion’s share of which are 

negative. The difficulty for clinicians is that no evidence-

based algorithm exists to help predict which patients should 

be imaged following their inpatient fall and which can 

safely be watched. 

Further studies are needed in order to better identify the 

clinical indications for imaging after inpatient falls, and 

would allow for modeling to help support decision making in 

determining when it is safe to monitor the patient clinically 

rather than order a head CT. Of course, elimination of imaging 

from inpatient falls and optimal patient safety comes ulti-

mately with the prevention of falls themselves, and remains 

both the best practice and the ultimate goal.
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