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The purpose of this study was to determine the 
acceptance and clinical utility of a large scale picture 
archiving and communication system (PACS) for vascu- 
lar surgery. Questionnaires and one-on-one interviews 
were conducted with physicians and nurses in the 
department of vascular surgery at the Baltimore VA 
Medical Center where PACS has been in routine, 
hospital-wide use for more than 21/2 years. The percep- 
tions of the clinical staff were assessed to determine 
the efficacy of PACS in comparison to the conventional 
film based alternative for the practice of vascular 
surgery and suggestions for improvements were 
solicited. There was consensus among the vascular 
surgery staff members that the use of PACS enhanced 
their clinical practices, both in and out of the operating 
room (OR). Vascular surgeons heavily rely on image 
display in the OR as a "road map" to help determine 
their operative approach and to guide their surgery. 
PACS offers unique intraoperative imaging capabili- 
ties including rapid image retrieval and improved 
archival, cine review, the ability to modify image 
contrast, and the ability to obtain direct quantitative 
measurements of the degree of vascular stenosis. The 
increased accessibility a n d  availability of images 
throughout the hospital enables improvements in time 
management and in patient care. 
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O NE OF THE lessons learned in the ongo- 
ing analysis of the usage of a hospital- 

wide picture archival and communication sys- 
teta (PACS) at the Baltimore VA Medical 
Center (BVAMC) has been that the system is 
used in a variety of different ways by a wide 
assortment of clinicians. Very little has been 
written concerning the effectiveness of PACS 
for medical and surgical subspecialties.~-4 Among 
the surgical subspecialties, our experience has 
been that the two groups that seem to rely most 
on diagnostic images both in and outside the 
operating room (OR) are the orthopedic and 
vascular surgery staff. The requirements of the 
vascular surgery department are unique in a 
number ways. Lost angiograms are exception- 
ally difficult to replace. Additionally, intraopera- 
tive angiograms can be difficult to repeat and 

must be made available very rapidly. Measure- 
ments of severity and length of stenosis must be 
made quickly and accurately. These special 
requirements present ah interesting challenge 
to the capabilities of a general purpose PACS. 

We describe the results of a prospective study 
designed to determine the degree to which a 
hospital-wide PACS has met these special re- 
quirements for vascular surgery and to obtain 
suggestions by the members of the vascular 
surgery staff for improvements to the system. 

The BVAMC is a 300 bed teaching hospital 
that uses a large-scale, hospital-wide PACS 
(Loral Medical Imaging Systems, Chicago, IL). 
The system has been in continuous operation 
for approximately 21/2 years. Forty-two Macin- 
tosh II or Quadra 950 workstations (Apple 
Computer, Cupertino, CA) are located through- 
out the hospital which provide access to all 
imaging studies which have been performed at 
the facility to all authorized users at any worksta- 
tion. Modalities interfaced to the system in- 
clude angiography, computed tomography, mag- 
netic resonance imaging, ultrasound, nuclear 
medicine, fluoroscopy, general radiography us- 
ing computed radiography, and the cardiac 
catheterization laboratory. 2,3 

Workstations are distributed throughout the 
hospital in physician team rooms, outpatient 
clinics, intensive care units, the emergency room, 
the auditorium, the operating rooms and in the 
departments of radiology and nuclear medicine. 
Six of the eight operating rooms are equipped 
with a two monitor (1,152 x 1,078 pixel) work- 
station. 
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The vascular surgeons rotate between the 
Baltimore VA and the adjacent University of 
Maryland Medical System, which uses a conven- 
tional film based system. Thus they are able to 
evaluate the advantages and disadvantages of 
the digital system in comparison to the film 
based alternative at the University of Maryland 
Hospital. The nurses, however, work only at the 
Baltimore VA. 

M A T E R I A L S  A N D  M E T H O D S  

Fifteen members of the vascular surgery department  
consisting of seven physicians and eight nurses were chosen 
at random from the current vascular surgery/operating 
room staff at the BVAMC. A forty-three question survey 
was administered, followed by in-depth interviews. 

The survey questions asked the vascular surgery staff to 
evaluate multiple imaging and operational parameters em- 
phasizing the comparison between the use of PACS and 
film. A subset of questions required the physicians and staff 
members to indicate a preference of PACS, film, or no 
difference. When there was a preference, a score indicating 
the degree of preference ranging from 1 (low) to 5 (high) 
was solicite& These data were tabulated according to the 
occupation of the respondent  (see Tables 1 and 2). 

RESULTS 

Analysis of the interviews and questionnaires 
showed a preference for the PACS in compari- 
son to the use of conventional film both in and 
out of the operating room. PACS was preferred 
over film by the physician and vascular surgery 
staff nurses in each of the nine comparison 
parameters assessed (Tables 1 and 2). The 
physicians most strongly preferred PACS (mean 
score of 3.0 to 4.0 on a scale of 1 to 5) over film 
in amount of useful information, availability of 
images, image quality, and quality of patient 
care. Although 33% of physicians and 100% of 
nurses believed that the duration of operating 
room cases was shorter with PACS than film, 
this parameter had the lowest mean score (1.5/5 
for physicians and 3.9/5 for nurses). 

Only five of the nine comparison parameters 
were deemed to be relevant to the nursing staff 
including overall impression of image review in 
the OR, time spent retrieving images, image 
quality, availability of images, and duration of 
OR cases. The nurses consistently rated their 
level of preference for PACS in comparison to 
film higher (mean range 3.9 to 5 out of 5) than 
did the surgeons (mean range 1.5 to 4.0 out of 
5). However, because of the relatively small 
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Table 1. Response According to Occupation: Physicians 

% With % With no 
Preferenee Preference Median Mean 

Survey Parameter for PACS PACS vs Film* Score Seore 

Amount of useful 
information 100 0 4 4.0 

Availability of 
images 86 0 5 3.7 

Image quality 71 29 4 3.0 
Quality of patient 

care 71 29 4 3.0 
Time spent 

retrieving 
images 86 0 3.5 2.9 

Overa~l impres- 
sion of image 
review in the 
OR 67 33 4 2.8 

Time required to 
interpret 71 29 3 2.7 

Confidence in 
making diag- 
nosis 57 43 4,5 2.6 

Duration of OR 
cases 33 67 0 1.5 

*AII physicians preferred PACS to film or believed there was 
no difference except for one of the seven vascular surgeons 
who rated image availability and time to retrieve studies as 
mildly (2/5) better with film. 

numbers of persons surveyed, the differences 
were not statistically significant. The physician 
data was somewhat skewed by a single surgeon 
who rated image availability and time to re- 
trieve studies as mildly (2/5) better with film, 
"amount  of useful information" as mildly (2/5) 
better with PACS, and the other six parameters 
as "no preference." With the exception of this 
individual, the differences between the physi- 
cŸ and nurse staff members would have been 
very minor. There was no significant difference 
in preference for PACS or film when comparing 
more experienced users with those less experi- 
enced with the PACS. 

As was evident from the surveys, the most 

Table 2. Response According to Occupation: Nurses 

% With Positive Median Mean 
Survey Parameter Response Score Score 

Overall impression of 
image review in OR 100 5 5.0 

Time spent retrieving 
images 100 4.5 4.5 

tmage qualib/ 100 4.5 4.2 
Availability of images 100 4 4.1 
Duration of OR cases 100 4 3.9 
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commonly cited advantages of PACS in compari- 
son to film were perceived improvements in 
image quality and availability because of the 
ability to "enhance" the images using the win- 
dow/level, and magnifications and zoom capa- 
bilities of the workstations. Because of the 
combination of improvements in image quality 
and availability, the vascular surgery staff indi- 
cated that the amount of clinically useful infor- 
mation available with the PACS was greater 
than with film. 

The other major advantage that was often 
mentioned in the interviews was the perception 
that the PACS provided improvements in time 
management and efficiency, which the surgeons 
considered to be particularly important to their 
practices. When using PACS outside of the 
operating room, all physicians reported substan- 
tial improvements in overall work efficiency and 
time management largely because of improved 
image accessibility throughout all locations of 
the hospital. The presence of PACS worksta- 
tions in clinics, hospital floors, intensive care 
units, and workrooms resulted in rapid image 
retrieval and comparison during patient evalua- 
tion and work rounds. Three of seven surgeons 
indicated that they routinely use the PACS 
during a remote telephone consultation with 
the angiographer and discuss cases while both 
are simultaneously viewing the study on their 
workstations. 

Most of the surgeons believed that the use of 
the PACS resulted in earlier diagnosis and 
treatment planning resulting in increased pa- 
tient throughput and overall reduction in hospi- 
tal stay. This resulted in a perceived improve- 
ment in overall patient quality of care among 
both physicians and nurses surveyed. 

The surgeons and nurses reported that they 
used the window/level adjustment tool in greater 
than 80% of the cases and that they also 
frequently used the zoom and magnification 
tools at the workstation. Only three out of seven 
surgeons indicated that they used the cine tool 
to display sequential images rapidly. These 
same three physicians were the only ones that 
reported using the distance measurement capa- 
bilities of the workstation. The majority of the 
nursing staff indicated that they infrequently 
used these workstation tools suggesting that this 
was because of a "lack of confidence and 

knowledge of computer skills." Despite the 1 
hour formal training course, two nurses re- 
ported an inability to operate the PACS other 
than "turning it on and off." These nurses 
expressed a strong interest in further education 
with additional formal training sessions. 

Of the many modalities available on the 
PACS (including magnetic resonance imaging, 
computed tomography, nuclear medicine, car- 
diac catheterization, uttrasound, mammogra- 
phy, fluoroscopy, angiography, computed radiog- 
raphy [CR]), the surgeons believed that CR and 
angiograms were the studies that were most 
positively affected by the PACS. 

Two additional advantages of PACS identi- 
fied in the surveys and interviews were a de- 
crease in film retake rates and decreased image 
turnaround time for intraoperative angiograms. 
The average length of a vascular surgery case 
was reported to be approximately 4 hours, often 
including intraoperative angiography. Based on 
subjective estimates, approximately 20 minutes 
in time reduction for intraoperative angiogra- 
phy was achieved with the implementation of 
PACS. This reduction in the duration of surgi- 
cal procedures along with improved image acces- 
sibility has led to a perceived reduction in stress 
levels during surgery by nurses and surgeons. 
The surgeons emphasized the critical impor- 
tance of imaging studies, particularly angio- 
grams, as "road maps" to help determine an 
optimal operative approach and to guide their 
surgery. 

Although the surgeons were pleased in gen- 
eral with the ability to retrieve most images 
rapidly both in and outside the operating room, 
they did report occasional delays in image 
retrieval, particularly during the early phases of 
PACS implementation. These delays were usu- 
ally due to attempts to retrieve those imaging 
studies that were more than 2 weeks old, had 
not been retrieved within the past several days, 
and had not been followed by a more recent 
study. These examinations were not stored on 
the central server but had to be fetched by the 
workstation from the optical jukebox, a process 
that often required from 1 to 10 minutes or 
more ir there was already a queue of other 
studies for retrieval. 

Both nurse and physician members of the 
vascular surgery staff indicated that they were 
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dissatisfied with the fact that monitors were 
located too lar from the OR tables and the lack 
of ability to easily move the workstation moni- 
tors that were situated on a table that was itself 
difficult to move. The nurses reported that the 
fixed location of the workstations and monitors 
made them "poorly accessible" to the surgical 
team often requiring them to leave the "opera- 
tive field" and even to "break scrub" for image 
review. The lack of a remote control or voice 
activated controls were also cited as disadvan- 
tages of the current system. 

The surgeons reported an overall reduction 
in the frequency of radiologist consultations for 
conventional radiographs (CR studies) because 
of increased image accessibility in the clinics 
and wards and improved report turnaround 
time. They did not believe that there was a 
corresponding reduction in the rate of consulta- 
tions with the angiographers about  angio- 
graphic studies with the PACS in comparison to 
film. The ability to consult by telephone while 
angiographer and surgeon are vŸ the same 
images was seen a s a  major advantage of the 
PACS. 

DISCUSSION 

The PACS at the BVAMC has been well 
received by the members of the department  of 
vascular surgery as has been reported for the 
medical housestafP and the surgeons in gen- 
eral.t Additionally, vascular surgeons and their 
staff members also indicated a high degree of 
satisfaction with the image quality and availabil- 
ity, 

The fact that there was a moderately greater 
(but not statistically significant) difference in 
preference for the PACS in comparison to film 
for the nurses than for the physicians is likely 
due to several factors. All of the nurses had 
been formally training, whereas none of the 
surgeons had taken the training course. Thus 
the nurses had been given a more comprehen- 
sive overview of the capabilities of the system. 
Alternatively, the nurses were less likely to be 
called on to retrieve current and previous exami- 
nations and to use the image enhancement  
tools. They were thus less likely to experience 
some of the limitations of the current worksta- 
tion software. Additionally, the nurses arguably 
had fewer responsibilities during the case than 

the surgeons and were more able to temporarily 
"break scrub." 

The perceived improvements in image avail- 
ability and efficiency suggest economic benefits 
of PACS in addition to savings in film costs and 
technical and clerical personnel that have been 
described by several authors. 6-s Additionally, 
other more difficult to measure effects such as 
improved diagnostic accuracy, more timely diag- 
nosis, and improved image in the marketplace 9 
may also result in substantial savings with a 
hospital-wide PACS. For  example, the PACS 
can be used enable a vascular surgeon to consult 
with an angiographer to decide whether a pa- 
tient who is having a diagnostic angiogram 
should also undergo an angioplasty. This would 
prevent the patient from undergoing two sepa- 
rate procedures and could save a substantial 
amount of time for both physicians. Although 
some of the surgeons suggested that the use of 
the PACS might decrease the length of stay as 
has been suggested by some authors, 2 it has 
been difficult to show the contribution, if any, of 
the PACS to the length of stay at our institution. 

The fact that the majority of the surgeons did 
not routinely use the measurement or cine 
workstation tools suggests that either formal 
training o r a  "refresher course" in the operating 
room or vascular surgery clinic might be of 
value. After this additional training, a reassess- 
ment of the use of the workstation tools should 
be performed. 

It is not surprising that the vascular surgeons 
and their staff believed that angiography and 
CR were the modalities that were most posi- 
tively affected by the PACS because those are 
the studies most often ofdered and reviewed by 
members of this subspecialty. The surgeons 
reported difficulty with manipulation of window/ 
level settings and image navigation for cross- 
sectional modalities. This probably represents a 
combination of lack of training and the lack of 
window/level presets for the workstation in the 
operating rooms. Both of these issues will be 
addressed with additional training and new 
software that permits users to define window/ 
level settings specific to the user rather than a 
specific workstation. 

The decrease in retakes and faster turn- 
around time for intraoperative angiograms and 
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the decreased image loss rate were all major 
advantages of the PACS for vascular surgeons 
in the operating room. 

There are several possible design modifica- 
tions that could address the dissatisfaction with 
the fixed location of the two monitor worksta- 
tion in the operating rooms, m Placement of 
monitors on articulated arms suspended from 
the ceiling would permit added flexibility with 
respect to height and distance from the surgical 
field. Additionally, implementation of remote 
control capabilities, with sterile coverings, would 
permit surgeons to have direct access to the 
workstations without having to "break scrub" or 
leave the surgical field. Voice activated controls 
might be a viable alternative although the sur- 
geons indicated that background noise is often 
relatively high in the OR, which might make a 
voice activated system less reliable. 

The decreased frequency of consultations for 
general radiographic studies reported by the 
vascular surgeons (but not angiograms) has 

been documented in other areas of the medical 
center. 5,11 Additional conferences and frequent 
rounds with the vascular surgeons have been 
proposed to increase the interaction between 
radiologists and surgeons for these imaging 
studies. A telephone access, digital dictation 
system would be helpful to give vascular surgery 
staff immediate access to dictated reports. 

In conclusion, the experience of the vascular 
surgeons and their nursing staffwith the use of a 
large scale PACS has been very encouraging. As 
the vascular surgery department  has adapted to 
the use of this particular PACS, so must the 
designers and implementers of the PACS be- 
come aware of the unique expectations and 
requirements of the vascular surgeons and 
nurses. This learning process will continue at 
our institution with further studies, which will 
supplement these subjective questionnaires and 
surveys with direct observations and objective 
measurements in addition to continued refine- 
ments of the PACS. 
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