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Abstract

Background: In the era of pay for performance and outcome comparisons among institutions, it is imperative
to have reliable and accurate surveillance methodology for monitoring infectious complications. The current
monitoring standard often involves a combination of prospective and retrospective analysis by trained infec-
tion control (IC) teams. We have developed a medical informatics application, the Surgical Intensive Care-In-
fection Registry (SIC-IR), to assist with infection surveillance. The objectives of this study were to: (1) Evaluate
for differences in data gathered between the current IC practices and SIC-IR; and (2) determine which method
has the best sensitivity and specificity for identifying ventilator-associated pneumonia (VAP).
Methods: A prospective analysis was conducted in two surgical and trauma intensive care units (STICU) at a
level I trauma center (Unit 1: 8 months, Unit 2: 4 months). Data were collected simultaneously by the SIC-IR
system at the point of patient care and by IC utilizing multiple administrative and clinical modalities. Data col-
lected by both systems included patient days, ventilator days, central line days, number of VAPs, and number
of catheter-related blood steam infections (CR-BSIs). Both VAPs and CR-BSIs were classified using the defini-
tions of the U.S. Centers for Disease Control and Prevention. The VAPs were analyzed individually, and true
infections were defined by a physician panel blinded to methodology of surveillance. Using these true infec-
tions as a reference standard, sensitivity and specificity for both SIC-IR and IC were determined.
Results: A total of 769 patients were evaluated by both surveillance systems. There were statistical differences
between the median number of patient days/month and ventilator-days/month when IC was compared with
SIC-IR. There was no difference in the rates of CR-BSI/1,000 central line days per month. However, VAP rates
were significantly different for the two surveillance methodologies (SIC-IR: 14.8/1,000 ventilator days, IC:
8.4/1,000 ventilator days; p � 0.008). The physician panel identified 40 patients (5%) who had 43 VAPs. The SIC-
IR identified 39 and IC documented 22 of the 40 patients with VAP. The SIC-IR had a sensitivity and specificity
of 97% and 100%, respectively, for identifying VAP and for IC, a sensitivity of 56% and a specificity of 99%.
Conclusions: Utilizing SIC-IR at the point of patient care by a multidisciplinary STICU team offers more accu-
rate infection surveillance with high sensitivity and specificity. This monitoring can be accomplished without
additional resources and engages the physicians treating the patient. 
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SURVEILLANCE OF NOSOCOMIAL INFECTIONS traditionally has
been carried out by trained infection control (IC) profes-

sionals in order to supply timely and accurate data about in-
fectious complications, as well as to provide feedback about
the efficacy of infection-related patient care practices [1]. The
rationale for tracking hospital-acquired infections (HAI) as
a means to reduce overall infection rates can be traced to the
U.S. Centers for Disease Control and Prevention (CDC) land-
mark trial, the Study on the Efficacy of Nosocomial Infection
Control (SENIC). The SENIC study concluded that nearly
one-third of nosocomial infections could be prevented by in-

fection surveillance and control programs [2, 3]. In the cur-
rent environment of patient outcome comparisons among in-
stitutions, pay for performance calculations, and national ef-
forts to establish quality improvement practices, surveillance
of HAI remains particularly relevant.

Currently, IC teams use various combinations of prospec-
tive and retrospective methods to monitor HAI. The method-
ology chosen determines efficacy, cost, and resource expen-
diture. The accuracy of IC reporting depends on both the
timing and the frequency of monitoring [4]. Prospective daily
review of all patient records, although considered to be the
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gold standard, is time-consuming and costly [2]. Other doc-
umented methods of surveillance include retrospective or
prospective review of targeted patients’ records, such as
those with positive cultures or those with an intensive care
unit stay greater than five days [2]. The success of all of these
surveillance methods relies on thorough health care docu-
mentation [3, 5, 6].

We have designed and implemented the Surgical Inten-
sive Care-Infection Registry (SIC-IR), which has been vali-
dated as an accurate and reliable medical informatics pro-
gram [7, 8]. The technique is a real-time data acquisition
research and clinical tool utilized at the point of care to as-
sist in caring for critically ill patients. In addition to its re-
search registry qualities, SIC-IR creates an electronic medical
record for all STICU patients.

The purpose of this study was to identify differences in
infection-related data collected by SIC-IR and IC, as well as
to determine which of these methods has the best sensitiv-
ity and specificity for identifying ventilator-associated pneu-
monia (VAP). We hypothesized that the SIC-IR system
would be more accurate in data collection and infection iden-
tification than IC.

Patients and Methods

A 12-month prospective analysis was conducted in two
surgical and trauma intensive care units (STICUs) at a level
I trauma center (Unit 1: 8 months of data collection; Unit 2:
4 months of data collection). Data collected by both the SIC-
IR system and IC included patient days, ventilator days, cen-
tral line days, number of VAPs, and number of catheter-re-
lated blood stream infections (CR-BSI).

The SIC-IR is a research-specific prospective registry, de-
signed with input from a multidisciplinary team of surgical
intensivists, surgical residents, pharmacists, and computer sci-
entists, that facilitates the evaluation of infectious complica-
tions in the STICU. The SIC-IR collects more than 100 clinical

variables daily on each STICU patient, including components
implicated in infectious complications, such as demographics
(age, sex, race), vital statistics, laboratory values, current an-
tibiotic treatment, prior and current infectious complications,
co-morbidities, and impact of time and interventions (e.g.,
length of time in the STICU, time to tracheostomy, and sur-
gical interventions). The SIC-IR is integrated with the hospi-
tal’s laboratory information system as well as the medication
administration record for automatic data loading to ensure
registry consistency and accuracy. The program also accu-
mulates information regarding indwelling urinary catheters,
central venous access devices, ventilator requirements, use of
steroids, blood product transfusions, and all Joint Commis-
sion intensive care unit core measures (e.g., venous throm-
boembolism prophylaxis, gastrointestinal bleeding prophy-
laxis, and head of bed elevation to 30°) [9]. The SIC-IR system
provides functionality for creating patient admission histories
and physical findings, daily progress notes, procedure notes,
and transfer of patient care documentation.

The SIC-IR system utilized a graphical user interface to
obtain the infection information daily at the point of patient
care, with reporting completed by physicians treating the pa-
tient (see Figs. 1 and 2 for examples of data entry forms). In-
fection-related data were reviewed daily by a single desig-
nated STICU pharmacist, who was present during daily
rounds. On days when the pharmacist was absent, data were
reviewed by the rounding pharmacist and then re-reviewed
on return of the designated pharmacist. In this study, a 
SIC-IR patient day was recorded when either an admission
history and physical examination or a daily progress note
was completed for a particular patient. If the treating physi-
cian responded “yes” to daily mandatory questions regard-
ing the requirement for mechanical ventilation or the pres-
ence of a central venous catheter, an SIC-IR ventilator day
or central line day was recorded, respectively. In addition,
ventilator and central line data were updated throughout the
day as physicians completed mandatory SIC-IR procedure
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FIG. 1. Data entry page for Surgical Intensive Care-Infection Registry daily information and pharmacy data. Note manda-
tory prompts regarding presence of central line and mechanical ventilation.



notes when intubating patients or placing central venous
catheters.

The IC team employed multiple clinical and administra-
tive modalities to obtain data. Patient days were derived
from the hospital’s administrative midnight census. Ventila-
tor days were based on respiratory therapy billing records
defined as having a ventilator in the patient’s room. Central
line days were calculated from once a day rounds by a des-
ignated STICU nurse recording the presence or absence of a
central line. The IC surveillance practices involve one of two
IC trained nurses prospectively monitoring all patients’
charts with positive microbiology culture results, as well as
daily data interrogation for any patients staying in the STICU
for five or more days.

Both VAP and CR-BSI were defined using the CDC defi-
nitions [10]. Bronchoalveolar lavage (BAL) specimens were
considered positive with growth of 104 organisms/mL. For
this study, BAL was performed according to review of chest
radiographs, assessment of respiratory secretions, fever, and
leukocytosis. A semi-quantitative rolling technique was used
for central venous catheter tip cultures, which were consid-
ered positive with the growth of �15 colony-forming units
of a single type of bacteria. Central line and ventilator use,
as well as VAP and CR-BSI rates, were calculated using the
National Healthcare Safety Network (NHSN) surveillance
method [1]. Rate calculations were performed by normaliz-
ing the number of VAPs and CR-BSIs to 1000 ventilator and
central line days, respectively. Our data are compared with
the NHSN data using the surgical intensive care units as a
reference because our units contain fewer than 80% trauma
patients.

Data were analyzed using SPSS 15.0 (SPSS Inc., Chicago
IL). Numbers are expressed as percentiles (median � 50th

percentile) and compared for SIC-IR and IC using the
Wilcoxon signed rank test for two related samples. Discrep-
ancies in reported cases of VAP in IC and SIC-IR were ana-

lyzed individually, and true infections were identified by a
physician panel that was blinded to the surveillance method-
ology. The physician panel consisted of five practicing sur-
gical intensivists at our institution. Using these true infec-
tions as a reference standard, the sensitivity and specificity
of SIC-IR and IC were determined.

Results

This analysis evaluated 769 consecutive patients admitted
to the STICU over the 12-month period. Table 1 summarizes
SIC-IR and IC NHSN data. The SIC-IR documented signifi-
cantly more patient days per month than did the IC (p �
0.003). However, IC recorded significantly more ventilator
days per month (p � 0.009). There was no significant differ-
ence in the number of central line days for the two systems.

The SIC-IR data calculated significantly less ventilator and
central line utilization per month. At 56%, the SIC-IR report
of ventilator use was 11% less than that of IC, and placed
SIC-IR results between the 75th and 90th percentiles on the
NHSN scale for surgical ICUs. In contrast, the IC report of
67% ventilator use per month would be greater than the 90th

percentile nationally. The SIC-IR calculated 52% central line
utilization, whereas IC calculated 57%, placing both SIC-IR
and IC results between the 25th and 50th percentiles for sur-
gical ICUs [1].

The SIC-IR recorded significantly more episodes of VAP
per month than did IC (p � 0.009), and when converted to
a VAP rate per 1,000 ventilator days per month, SIC-IR had
nearly double the VAP rate of IC (p � 0.008). Compared with
surgical ICUs nationally, the SIC-IR reported a VAP rate
greater than the 90th percentile on the NHSN scale, whereas
IC reported a rate between the 75th and 90th percentiles [1].
There were no significant differences between SIC-IR and IC
with respect to the number of CR-BSIs per month, nor the
CR-BSI rate. The rate of CR-BSI calculated from both SIC-IR
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FIG. 2. Data entry page for Surgical Intensive Care-Infection Registry antibiotics and confirmed infections. Note that 
infection, date of confirmation, organism cultured, and antibiotic treatment are recorded daily. The button labeled “See 
defined infection criteria” will take the user to the U.S. Centers for Disease Control and Prevention definitions of specific
infections.



and IC data was between zero and the 10th percentile on the
NHSN scale [1]. Further comparisons of CR-BSI were not
made because of the low incidence.

A second analysis of central line utilization, ventilator uti-
lization, and VAP rates were performed to eliminate the dif-
ferences in the methodology of the way IC and SIC-IR de-
termine ventilator days and patient days. Central line use
and ventilator use in SIC-IR and IC normalized to the same
administrative data denominator (midnight census). In ad-
dition, VAP rates were normalized to administrative data
(ventilator billed days). These results are shown in Table 2.
This normalization analysis removed the statistical differ-
ence between central venous catheter utilization; however,

ventilator utilization and VAP rates remain statistically dif-
ferent for the two surveillance methodologies.

The two reporting systems agreed on the diagnosis of VAP
in 21 patients. The SIC-IR detected 18 patients with VAP that
IC failed to report. In contrast, IC discovered only one pa-
tient with VAP that SIC-IR overlooked. After investigating
all episodes of VAP identified by IC and SIC-IR, a physician
panel identified 40 patients who accounted for 43 episodes
of VAP. The SIC-IR had a sensitivity of 97% and a specificity
of 100% in identifying patients with VAP (Table 3). The IC
sensitivity and specificity were 56% and 99%, respectively
(Table 4). Of the 18 patients only SIC-IR reported as having
VAP, 14 had positive BAL cultures at a concentration
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TABLE 2. SUMMARY OF SURGICAL INTENSIVE CARE-INFECTION REGISTRY VS. INFECTION CONTROL REPORTING

OF NATIONAL HEALTHCARE SAFETY NETWORK DATA NORMALIZED TO ADMINISTRATIVE DATA

Normalized SIC-IR Normalized IC

25th–75th 25th–75th

Median percentile Median percentile P value

Central line utilization 58.0 51–60 57.0 52–59 0.308
(%) (NHSN percentile) (25th–50th) (25th–50th)

Ventilator utilization 63.0 61–65 67.0 61–71 0.008
(%) (NHSN percentile) (�90th) (�90th)

VAP rate 14.1 9.1–20.4 .8.4 .3.8–12.6 0.009
(NHSN percentile) (�90th) (�90th)

All values are reported per month.
Utilization and rates are calculated utilizing the NHSN equations normalized to administrative data:

Utilization � (number of device days/midnight census patient days) � 100
Rate � (number of VAPs/number of ventilator days per administrative data) � 100

SIC-IR � Surgical Intensive Care-Infection Registry; IC � infection control; NHSN � National Healthcare Safety Network.

TABLE 1. SUMMARY OF SURGICAL INTENSIVE CARE-INFECTION REGISTRY VS. INFECTION CONTROL REPORTING

OF NATIONAL HEALTHCARE SAFETY NETWORK DATA

SIC-IR IC

25th–75th 25th–75th

Median percentiles Median percentiles P value

Patient days 403.0 361–425 372.0 319–381 0.003
Central line days 208.0 177–225 197.0 177–221 0.289
Ventilator days 236.0 189–250 239.0 199–262 0.009
Central line utilization 052.0 45–53 057.0 52–59 0.005

(%) (NHSN percentile) (25th–50th) (25th–50th)
Ventilator utilization 056.0 54–59 067.0 61–71 0.002

(%) (NHSN percentile) (75th–90th) (�90th)
Number of VAPs 003.0 2–5 002.0 1–3 0.009
Number of CR-BSIs 000.0 0–0 000.0 0.0–0.8 0.317
VAP rate 014.8 09.1–22.3 008.4 3.8–2.6 0.008

(NHSN percentile) (�90th) (75th–90th)
CR-BSI rate 0 0–0 000.0 0.0–3.7 0.144

(NHSN percentile) (0–10th) (0–10th)

All values are reported per month.
Utilization and rates are calculated utilizing the NHSN equations:

Utilization � (number of device days/total patient days) � 100
Rate � (number of infections/number of device days) � 100

SIC-IR � Surgical Intensive Care-Infection Registry; IC � infection control; NHSN � National Healthcare Safety Network; VAP � venti-
lator-associated pneumonia; CR-BSI � catheter-related blood stream infection.



of �104/mL organisms. The remaining four patients that IC
did not record were those who had had positive respiratory
secretion cultures and had been treated with an antibiotic
regimen for VAP with a documented response.

Discussion

The results of this study demonstrate that our current
practice of monitoring HAI can be improved by utilizing a
computerized registry in real time to track all patients in the
STICU prospectively. The SIC-IR system documented sig-
nificantly more patient days per month, but at the same time
reported fewer ventilator days and less ventilator and cen-
tral line utilization when matched against IC. Of 40 patients
with confirmed VAP, SIC-IR detected 39, whereas IC recog-
nized only 22, giving SIC-IR a higher sensitivity and speci-
ficity. When converted to a VAP rate to allow for both intra-
facility and inter-facility comparisons, the VAP rate obtained
from SIC-IR was nearly double that of IC (14.8/1000 venti-
lator days vs. 8.4/1000 ventilator days).

Previous investigations of infection surveillance have
highlighted key issues underscored by the results of our
analysis. Retrospective examination of all patient records
tends to be of low yield, with prior studies reporting sensi-
tivities of 74 and 88%, and requires significant time expen-
diture [5, 11, 12]. However, concentrating efforts by exam-
ining only discharge summaries or singling out records
containing positive microbiology cultures does not improve
the accuracy of retrospective review [5, 13]. Prospective ex-
amination of patients with positive cultures is generally ac-
cepted as a better case-identification method, with investi-
gators reporting sensitivities ranging from 75 to 91% [4, 14,
15]. Emori et al. specifically reviewed the accuracy of Na-
tional Nosocomial Infection Surveillance (NNIS) personnel
in finding infections according to site, and found the sensi-
tivities to differ widely, from 68% for pneumonia to 85% for
blood stream infections [6]. Reviewing patient data more fre-
quently was associated with greater sensitivities in prior re-
views [4], but evaluating only those patients with positive
cultures did not improve results [16].

Consistently, models with the greatest sensitivity and
specificity for identifying HAI have incorporated computer
assistance in the surveillance system. Evans et al. reported a
computer monitoring method was able to identify 90% of
HAI, whereas IC teams found only 76% [16]. Similarly,
Bouam et al. reported the use of an automated system that

missed only 9% of infections, compared with the 41% missed
by IC [13].

This study confirmed that monitoring practices by IC per-
sonnel reliably have high specificity, but lower sensitivity for
detecting HAI. That is, it is rare for IC teams to identify a
patient falsely as having disease; however, it is common for
teams to fail to detect patients who are truly infected [6]. Na-
tionally, only 90% of HAI actually yield an organism [16].
The diagnosis of the 10% not defined by positive cultures is
based solely on clinical judgment, and may be one impor-
tant group of patients ultimately missed by IC surveys [16].

Several factors may account for discrepancies noted be-
tween SIC-IR and IC reporting of VAP. Regardless of
whether a detection cutoff of 104 or 105 organisms/mL is
used to define a positive BAL culture, IC missed 14 VAPs
with positive BAL results. Even at the more stringent cutoff
of 105/mL, SIC-IR would have documented VAP in eight pa-
tients that IC failed to identify. Furthermore, there may have
been some misinterpretation on the part of IC personnel re-
garding BAL results that reported “normal oral flora,” as oral
flora are not normal organisms to culture from the lungs.
Identification of patients with infectious complications re-
quires more than simply looking for positive cultures; in-
deed, four patients in this analysis were treated for VAP
solely on the basis of physician judgment and respiratory se-
cretion cultures. Thus, it seems a system that requires input
from physicians, who ultimately are responsible for inte-
grating information and formulating clinical judgments, is a
better surveillance model for identifying patients with in-
fection. A study by Crabtree et al. [17] added further sup-
port for surgeon involvement in monitoring infections. That
study demonstrated that the rate of nosocomial infections
detected was significantly higher when determined by sur-
geons dedicated to IC than for CDC-trained IC practitioners.
Infection control reports rely on passive surveillance, for ex-
ample, by respiratory therapists and nursing staff, whose pri-
mary role is not infection surveillance [2, 18]. Heavily labo-
ratory-based and record-based IC practices may not utilize
ward rounds and routine discussion with caregivers to mon-
itor HAI [2].

A limitation of this study is our assumption that all pa-
tients in the population not identified by SIC-IR or IC as hav-
ing an infection actually were disease-free. Five percent of
patients in this analysis were found to have VAP by SIC-IR
or IC or both. We believe that the combined efforts of IC and
SIC-IR captured virtually every case of VAP diagnosed. An-
other limitation of this study is that resource utilization was
not analyzed specifically. This information could be evalu-
ated by looking at the number of full-time employees uti-
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TABLE 3. TWO-BY-TWO TABLE FOR SURGICAL INTENSIVE

CARE-INFECTION REGISTRY-REPORTED CASES

OF VENTILATOR-ASSOCIATED PNEUMONIA USED

TO CALCULATE SENSITIVITY AND SPECIFICITY

SIC-IR-reported
Confirmed VAP cases

VAP cases VAP No VAP Total

VAP reported 39 0 39
No VAP reported 1 729 730
Total 40 729 769

SIC-IR � Surgical Intensive Care-Infection Registry; VAP � venti-
lator-associated pneumonia.

TABLE 4. TWO-BY-TWO TABLE FOR INFECTION CONTROL-
REPORTED CASES OF VENTILATOR-ASSOCIATED PNEUMONIA

USED TO CALCULATE SENSITIVITY AND SPECIFICITY

IC-reported
Confirmed VAP cases

VAP cases VAP No VAP Total

VAP reported 22 1 39
No VAP reported 18 728 730
Total 40 729 769

IC � infection control; VAP � ventilator-associated pneumonia.



lized and the time spent collecting data and then evaluating
it. Although we have no quantitative data, we are confident
that SIC-IR utilizes fewer additional resources. Several peo-
ple are utilized to capture IC data, and retrospective review
requires time. The IC data were available only two to three
months after the fact. In contrast, SIC-IR captures data in real
time as part of the routine work flow to assist with the de-
livery of patient care. Furthermore, a factor that makes sur-
veillance difficult is that there is no true gold standard for
diagnosing pneumonia. However, the definition of VAP was
similar for the surgical group and the IC group.

In summary, the results of this analysis highlight the po-
tential for better infection surveillance in the STICU through
the use of a prospective registry to track all patients at the
point of care. The SIC-IR proved to have high sensitivity for
detecting HAI, while at the same time being readily inte-
grated into physician practice. As the CDC has stated, data
collection should never be an end in itself; rather, it should
be used to achieve the goal of decreasing HAI [18]. How-
ever, to decrease HAI and make comparisons among hospi-
tals, the true infection rate must be documented. The uti-
lization of SIC-IR allows standardization of surveillance
methodology using real-time data evaluation 24 hours a day,
seven days a week. The SIC-IR uses fewer resources and pro-
vides more accurate infection surveillance than standard IC
practices.
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