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Abstract

In this study we looked at the wound infection rate in surgeries at 

Hospital A for the months of August, September, October, and November, 1989. 

For these four months the hospital acquired an overall infection rate of 7.34 

% for the 463 surgeries performed during this time period. A databank was 

established to acquire as much information as possible concerning the 

patients, the surgeons, and the surgery that was to be performed. Checks 

for postoperative infections in surgical wounds were made at three, seven and 

twenty eight days. Wounds were judged as infected if purulent drainage 

collected from the wound was found to have microorganisms in it. Many other 

aspects of wound infection rates were looked at, including whether or not the 

patients were diabetics or nondiabetics, whether or not patients were given 

antibiotics or steroids before surgery, and infections by wound class. 

Anesthesia risk category was also considered. It was found that the higher 

the patient's anesthesia risk category, the more vulnerable the patient was to 

infection in a surgical wound. By stratification of different aspects of 

patients and their specific surgeries, more and more information can be gained 

with the result that wound infection rates from surgical procedures can be

minimized.
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Introduction

This project was an attempt to look into many of the various aspects 

♦ behind surgical wound infection rates in Hospital A. Along with Dr. John

Pullman, Mary Ann Lynch, and K.C. Irish, I worked on this project in an effort 

to lower the overall infection rate and to find some aspect in surgical 

procedures that will help Hospital A minimize their infection rate. Reducing 

the infection rate or attempting to reduce this rate can only serve to help 

all people involved (including doctors and patients) as these infections cause 

pain, discomfort, high costs, and even death.

In looking at the history of surgical wound infections, we come to see 

that medicine has advanced incredibly in the past 100-200 years. Igmal 

Semmelweis, in March 1847, discovered the importance of prophylactic surgical 

antisepsis (washing and scrubbing the hands before surgery) when investigating 

the death of a friend who had died from puerperal fever. By surgeons 

"scrubbing the hands in warm soap and water with a nail brush, followed by a 

similar scrub in chlorine" puerperal sepsis is now almost non-existent[9].

Placing antiseptics into open wounds has been practiced for centuries, 

as cited in the parable of the Good Samaritan (Luke 10:34). In 1867 Joseph 

Lister led the way to great surgical advances by instilling various 

concentrations of carbolic acid into the open wounds of compound fractures, a 

practice that extended later to other wounds and eventually to elective 

surgery[9].

Despite these advances surgery and surgeons continued to have problems. 

Misery and mortality from "hospital gangrene" continued well into the 

1890's[9]. Von Xussbaum, in 1874, said that wound infections "growing like a 

wild beast, slew or permanently crippled 80 out of every hundred" of his
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surgical patients. During the Franco Russian War of 1870, Von Nussbaum had a 

100% mortality rate in 34 consecutive knee amputations[8]. During this war, 

on the French side 13,173 amputations of all kinds, including digits, were 

performed, resulting in 10,006 deaths[8].

By 1900, many changes had occurred in surgical techniques. Kocher of 

Bern, Switzerland, introduced precise bloodless surgical techniques, and in 

effect he reduced infection rate in clean cases to 2.3 percent[9]. At this 

time in the United States a man name Halsted became a champion of asepsis, and 

thus minimized his infection rate in surgery, although no percentage was 

published concerning his infection rate[9], However, even with the advanced 

aseptic techniques and the knowledge of microorganisms and antimicrobial 

agents, surgical wound infections still have a high rate of incidence. In 

1963 approximately 25,000,000 people were admitted to hospitals in the U.S., 

and more than 1,000,000 developed post operative or hospital-acquired 

infections[9]. In 1976, more than 2,100,000 people developed hospital 

acquired infections, with 150,000 deaths resulting[9]. Based on the incidence 

in five American university centers, the overall wound infection rate was 7.4 

percent[l]. In a study by the National Nosocomial Infection Committee in 

1979, surgical wounds were reported as accounting for 52-98 infections per 

10,000 hospital discharges[21]. These infections account for 18-27% of all 

nosocomial infections, with the most common pathogens being Staphylococcus

aureus and Escherichia coli f 211.

t
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Obviously, surgical wound infections are still common today.

Disability, delayed healing, deformity, or even death can result from these

0 infections. Also the quality of life, both physical and psychological, has 

often been affected or permanently altered by surgical wound infections.

When discussing wounds subject to infection, we must include surgical, 

traumatic, or physiologic wounds. Surgical wounds include, of course, all 

wounds incurred during the course of surgery. Traumatic wounds include deep 

cuts, compound fractures, frostbite necrosis, and thermal burns. Physiologic 

wounds include, for example, the endometrial surface after the separation of

the placenta and the umbilical stump[24].

What are the sources of infection in these types of wounds?

Contributing factors to infection include:

1) the patient's own normal flora

2) infectious material from carriers or other infected individuals that 

may reach the wounds (i.e., through the air or on the hands of

attendants)

3) pathogenic organisms from the inanimate environment that can 

contaminate the wound through soil, clothing, and other foreign 

material[24].

With the large numbers of microorganisms that can cause infection, along 

with the numerous sources of infection, prevention of infection is certainly a

continuing challenge for modern surgery.

In surgical and traumatic wounds, there are four categories used in

classifying wounds: (1) clean, (2) clean-contaminated, (3) contaminated, or 

(4) dirty[3]. Clean wounds include those in which neither the 

gastrointestinal nor the respiratory tract is entered, no apparent
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inflammation is encountered, and no break in aseptic technique occurs. If no 

acute inflammation is present, procedures such as cholecystectomy, incidental

# appendectomy, hysterectomy are included in this category[9], These wounds 

also do not traverse infected tissues or extend into sites with normal

flora[24].

Clean-contaminated wounds include clean operations that enter the 

gastrointestinal tract or respiratory tract, but no significant spillage 

occurs in the operation[9]. These are surgical wounds that extend into sites 

with a normal flora (e.g., small intestine) without known contamination[24].

Contaminated wounds include operations in which acute inflammation 

(without pus formation) is encountered, or in which gross spillage from a 

hollow viscus occurs[9]. Operations in which a major break in aseptic 

technique occurs or fresh surgical and traumatic wounds with a major risk of 

contamination (such as incisions entering nonpurulent infected tissues) are 

included in this category[24].

Dirty (or infected) wounds include old, infected traumatic wounds, 

wounds substantially contaminated with foreign material and operations in 

which pus was encountered[9]. This category also includes wounds contaminated 

with spillage from perforated viscera[24].

With broad categories like these, there will be differences from person 

to person regarding the classification of a particular wound. Nevertheless, 

these four categories provide a helpful guide in classifying types of wounds 

encountered in surgery.

When is a wound considered infected? Discharges from a wound may be 

reported sterile when cultured, even from a wound that is definitely infected. 

On the other hand, bacteria can be recovered from a wound that is healing
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without infection. Classification based solely on clinical judgment is biased 

and subjective, so investigators have established a set of uniform clinical 

criteria to study infection rates[6], Surgical wounds are considered 

uninfected if they heal in a certain amount of time without discharge. They 

are definitely infected if pus is discharged, even if organisms are not 

cultured from the purulent material. Wounds are possibly infected if the 

wounds are inflamed without discharge and if the wound drains culture-positive

serous fluid. Wounds that have stitches in them are excluded from definite or

possible infection if (a) inflammation and discharge are minimal and confined 

to points of suture penetration or (b) the incision heals within a certain 

amount of time without drainage.[10] In this study, wounds were classified as 

infected if purulent drainage from a wound was found to have microorganisms in 

it when examined by the lab.

Using these guidelines, investigators have conducted a number of studies 

on surgical wound infection rates. In a comprehensive study done by Swartz at 

the University of Virginia, in a period of one year (1968-69) 1,115 surgeries 

were carefully observed]2]. Forty eight of those patients were found to have 

surgical wound infections (4.3 percent), four of whom died. In his study, 

Swartz looked at the cost for those with surgical wound infections. He 

divided cost into three categories: direct, indirect, and intangible. Direct 

costs included hospital room, physicians' charges, and infection control 

costs. Indirect costs were calculated on the basis of salary lost because of 

prolonged illness or death. Intangible costs, for which no price tag could be 

assessed, referred to the cost of pain, discomfort, isolation, and various 

incalculable expenses the patient otherwise would not have had had the patient 

not acquired the infection[2].
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For the 48 infected patients in the Swartz study, the direct cost was 

$114,576. Of the 1,115 surgical patients, the mean length of stay for the 

noninfected population was 11.61 days, while for the patients with wound 

infections the mean stay was 35.48 days. An estimated sum of all the indirect 

and direct costs ranged from $6,700 to $9,500 for each patient that had a 

wound infection[2]. In another study, the estimated overall cost for wound 

infections in the United States was approximately $9.8 billion, for an 

approximate 1,400,000 wound infections (7.4 percent of all operations)[8].

With the cost of hospital care now skyrocketing, these figures represent an 

escalating contributing factor in medical costs now and into the future.

In 1967, a group of physicians undertook a ten year project to look at 

all surgical wounds at Foothills Hospital at the University of Calgary in 

Calgary, Alberta. These physicians had four goals: (a) to obtain an accurate 

monthly infection figure to be used as the guide to the efficient functioning 

of the operating rooms, surgical wards, and the surgeons; (b) to obtain a 10- 

year bank of wound statistics with which future variations could be compared; 

(c) to determine the factors that influence the infection rate; (d) to reduce

the infection rate[8],

In 1977, the physicians' ten year goal was achieved, with the 

accumulation of 62,339 wounds which now can be used to show trends and changes 

in etiologic factors. A full time surgical surveillance nurse personally 

observed all wounds throughout each patient's stay, in an effort to reduce 

bias. Telephone follow up on each case continued for a total of 28 days.

Oral, rectal, and vaginal operations, burns, and circumcisions were excluded 

from the study. All the information was stored in a computer, and details of 

the operation and the patients' progress were also recorded[8].
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Some very interesting results came out of this study. The overall 

infection rate of the 62,939 wounds was 4.7 percent, with clean wounds

accounting for 1.5 percent of the overall infections, clean-contaminated 

accounting for 7.7 percent, contaminated accounting for 15.2 percent, and 

dirty accounting for 40.0 percent of all the wound infections. Also, ten 

percent of the infected wounds became evident only after the patient had left 

the hospital, which shows the importance of the 28 day telephone follow up[8].

What did the investigators make of all these data? The overall 

infection rate in a hospital can vary significantly, depending on the type of 

surgery done. If many clean cases, such as hernias, are done, the infection 

rate will be much lower than if many bowel operations are done. Therefore, 

infection rates will also differ from department to department. However, the 

clean wound infection rate gives a valuable reflection of the quality of 

surgical care in a hospital. In these wounds endogenous bacterial

contamination is low, and therefore other procedures including hand scrub and 

skin preparation can be accurately assessed. Also, this allows comparisons 

between different surgical departments and different surgeons.

Using these same wound criteria, Altemeier's General Surgical Service at 

Cincinnati General Hospital achieved a clean wound infection rate of 1.2 

percent[12]. In the Foothills study, it was not unusual for a surgeon to 

obtain a clean wound infection rate of less than one percent. A clean wound 

infection rate of less than one percent is excellent, 1 to 2 percent is 

acceptable, and more than 2 percent is a cause for concern, according to the

Foothills study[8].

All the surgeons in the Foothills study did the same operations in the 

same surgical wards and operating rooms, so the clean wound infection rate
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gave an interesting statistic where differences in infection rate could only 

be ascribed to differences in surgical technique. Many of the surgeons in the 

Foothills study began to take pride in their clean wound infection rate, which 

was discussed in monthly staff meetings. The study generated a friendly 

competitive atmosphere, and happily reduced the infection rate in the

Foothills hospital.

In order to have an infection, there must be a contaminated wound, and 

therefore many aspects in surgical technique have come under attack. First, 

investigators began to look at the surgeon's hands. Surgeons began to wear 

surgical gloves, initially because some patients were sensitive to the skin 

antiseptics that surgeons apply to their hands[13]. These gloves must cover 

the fingers and hands, and they also must extend over the wristlets of the 

gown. If a hole should develop in the glove, the surgeon's hands must be 

scrubbed and disinfected in order to minimize the chance of infection[26]. In 

fact, in a study done by Devenish and Miles in 1939, it was found that 30 

percent of the gloves used in operations develop holes in them[13]. Using a 

complicated electronic circuit, the investigators in the Foothills study found 

that 11.6 percent of the gloves used in operations developed perforations, but 

none of these breaks led to infections, probably due to the surgeons' hands 

having been disinfected prior to surgery.

Thus, decontamination of the surgeon's hands appears to be more 

important than gloves[16]. Most surgeons now either use a povidone-iodine 

surgical scrub or a hexachlorophene-scrub. In comparing the two, the 

povidone-iodine scrub (Betadine) has a greater immediate impact than the 

hexachlorophene does (Phisohex), but the povidone-iodine also has no prolonged 

further action inside the glove. Hexachlorophene's disadvantage is that is
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very slow acting. Some surgeons now use a chlorhexidine scrub (Hibitane) 

which combines the action of the povidone-iodine and the hexachlorophene, and 

is effective against both gram-negative and gram-positive bacteria[8,16].

Some emphasis has been placed on the length of scrub time for a surgeon.

In a 1969 study, Dinsen found no difference a the end of 2 hour operations 

between surgeons who scrubbed for 5 minutes versus 10 minutes, with respect to 

bacterial counts on the surgeons' hands[15], Originally, surgeons called for 

10 minute scrubs, but the time wasted seems large so most surgeons now scrub 

for 3 to 5 minutes, with no significant infection rate attributed to the 

shorter scrub time[17].

In the preparation of the patient's skin, many different factors have

been looked at in an effort to reduce the infection rate. A preparation

shower with hexachlorophene has been shown to reduce infections[6]. An 

interesting aspect, concerning shaving the patient before an operation, is 

that patients shaved had an infection rate of 5.6 percent, while patients who 

weren't shaved had an infection rate of .6 percent[4]. In this study,

Seropian and Reynolds have stressed the importance of shaving immediately 

before surgery (not allowing bacteria to grow in razor nicks) versus shaving 

the night before an operation[23]. With respect to preparation of the 

operation area on the patients's skin, sterile gloves and sterile supplies 

should be used during this procedure. In a study done by Lowbury, Lilly, and 

Bull, it has been found that 1 percent iodine to 70 percent alcohol and 5 

percent chlorhexidine in 70 percent alcohol are the most effective skin 

antiseptics[17]. With these investigators' findings, most hospitals now apply 

these two skin antiseptics with friction for 2 minutes as a preoperative skin 

preparation, thereby reducing the infection rate[8]. Appropriate draping is
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also important in surgical technique, as a means of demarcating, maintaining, 

and protecting a limited area for the operation. Three types of drapes are 

currently in use: (a) the conventional double thickness linen towels and

sheets (288 thread count) modified for different use in different operations, 

(b) disposable pre-fabricated drapes, and (c) plastic adhesive drapes[8]. 

However, in some hospitals, such as the Foothills hospital, adhesive plastic 

drapes are not used. Paskin and Lerner have found that the use of plastic 

adhesive drapes doubles the amount of wound infections, for three reasons: (1) 

the plastic drapes permit bacterial proliferation between the drape and the 

skin, (2) the antiseptic solution on the skin must be removed to apply the 

plastic drape, and (3) the edges of the drape loosen with time allowing more 

bacteria to infect the wound[20].

Another study also looked into some environmental factors in evaluating 

surgical wound infection rate. One factor considered was the length of 

hospitalization before surgery. With a 1 day preoperation hospitalization, 

the infection rate was 1.2 percent. With a one week preoperative 

hospitalization, the infection rate was 2.1 percent. If a patient was in the 

hospital more than two weeks before his or her operation, the infection rate 

jumped to 3.4 percent[6]. This may be due to such things as a patient 

becoming weaker during the course of his or her hospitalization, the fact that 

a patient was exposed to more infectious agents in the hospital environment

than he or she would have in a different environment, or a combination of

these or possible other factors.

In the Foothills study, there was no infection rate difference between 

various operating theaters, nor was there a difference in infection rates of 

patients with different anesthetists. However, time of operation showed a
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direct relationship with the infection rate. The rate of infection in clean 

wounds doubles with every hour of operation. There are four possible 

explanations: (1) amount of bacterial contamination increases with time, (2) 

wound cells are damaged by drying and retractors, (3) increased amounts of 

suture and electrocoagulation reduce the local resistance of the wound, and

(4) longer procedures are more likely to be associated with shock and blood 

loss, thereby reducing the general resistance of the patient[18],

Other factors involving the individual patients themselves can 

contribute to the clean wound infection rate. It has been shown many times

that there is an increase in wound infection rate in clean wounds with

advancing age[1,5,6,8]. Sex seems to have no advantage or disadvantage with 

respect to clean wound infection rate[8], However, malnutrition significantly 

can contribute to the clean wound infection rate, with a rate of 16 percent in 

the Foothills Study. Diabetics (7.8 percent), and patients with extreme 

obesity (6.9 percent) have a higher clean wound infection rate, results that 

have been proven in other studies also[3,8,10]. In another study, wound 

infections occurred in 9.2 percent of diabetic patients, versus 4.5 percent of 

nondiabetics, and diabetic patients had an increase of postoperative

complications of 15 percent versus 7.2 percent in non-diabetics[14]. However, 

in another study, physicians have grouped surgery patients into three 

categories, based on their physiological condition. This study has found that 

patients who were slightly overweight or normal had fewer post surgical 

complications than people who were underweight[27].

Therefore, a surgeon or physician should make every effort to prepare a 

patient for a surgery. This involves getting people who are overweight down 

to a lower weight and getting those who are malnourished as ready as possible
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for surgery. Other factors, such as respiratory disease, remote infections 

(chronic ear infections, draining sinuses), diabetes, cirrhosis, anemia, all 

require special attention before surgery if infection is to be

minimized[8,14,27]. A physician should try to have a patient as well prepared 

as possible for surgery, not only to reduce the infection rate but also to 

maximize safety and comfort before and after surgery.

A physician can also reduce the amount of endogenous bacteria, thereby 

reducing the chance of contamination of a surgical wound by normal flora. The 

usual mechanical way of preparing the bowel consists of laxatives, a low- 

residue diet, and repeated enemas for 3 days. Whole-gut lavage (WHOGULA) 

promises a better way of mechanical bowel preparation[7,11]. In this

technique a nasogastric tube is passed and isotonic saline containing KCl,4MEq 

per liter, is infused at the rate of 3 liters per hour. Defecation commences 

after approximately half an hour, and infusion is continued until the effluent 

is clear, which usually takes about 3 hours. People who have been subjected 

to both methods markedly prefer the WHOGULA method. GOLYTELY solution has 

become the method of choice at many institutions[8]. This consists of 

electrolytes and polyethylene glycol (PEG), which is taken by mouth at a rate

of 250 ml every 10 minutes until 4 liters are consumed. In the unobstructed 

bowel it provides excellent cleansing the day before the operation at minimal

discomfort.

Another way to reduce bowel organisms is through oral antibiotics[19]. 

The feasibility of this gut "sterilization" has been argued since the 1930's. 

At this time the neomycin and erythromycin regime described by Nichols et. 

al., is the most popular[19]. After mechanical bowel preparation, Nichols et. 

al., reported administration of three doses of neomycin 1 gram and
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erythromycin base 1 gram by mouth at 1 p.m., 2 p.ra., and 11 p.m. for

operations scheduled at 8 a.m. the next day. This preoperative regime has 

significantly reduced wound infections in some surgeries.

As far as preventative antibiotics, these enhance the ability of a wound

to withstand contamination, but as Miles, et al., showed for antibiotics to be

effective, they must be present in the wound fluid within 3 hours of bacterial 

contamination[18]. It seems reasonable to administer preventive antibiotics 

before any operation in which contamination is expected, or in which infection 

would be catastrophic as is the case with orthopedic or vascular prosthetic 

implants[25]. As with all drugs, the potential dangers of antibiotic 

administration must be weighed against the advantages.

With all these preventive measures, it often comes down to the patient's 

own resistance at the site of surgery. While many studies have been done to 

look at such things as different surgical techniques (drains, scalpels, etc.), 

probably the two most important things are an adequate blood supply to the 

wound site and the individual surgeon's technique.

As a sidelight, John Hunter's method of delayed primary closure is still 

the best method for treating heavily contaminated wounds[8], This practice is 

used in the Foothills Hospital, and patients seem to find the open

contaminated wound more comfortable than a closed contaminated wound.

In postoperative care, provided all dressings are safely removed from 

closed wounds after 48 hours, incidence of infection is at a minimum[6]. This 

time benefits the patient psychologically, saves nursing time, and allows for 

easy wound surveillance.

The Foothills Hospital study also went into a specific description of 

the types of organisms found in different infections, an aspect of the study

CORETTE
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too extensive to consider here. However, the Foothills study gives an 

accurate guideline to begin work on the control of infection in surgical 

wounds. Other aspects, including technical factors, environmental factors, 

and chemoprophylaxis of wound infections must be looked at in order for a 

hospital to accurately address and combat surgical wound infection rate. 

However, many surgeons are now questioning the validity or usefulness of 

studies like the Foothills study[14,22]. With many surgeries today being 

performed by surgical teams, looking at an individual surgeon's clean wound 

infection rate seems almost pointless. Some surgeons are now promoting an 

approach to the problem that would define a specific procedure, stratify 

patients within that procedure (e.g., by anethesia risk category) and then 

compare rates among surgeons in the same institution[22]. A study with this 

emphasis has not been done, and something like it may shed light on a very 

complex problem.



15

Materials and Methods

To attack this multifaceted problem, we designed a form to gather the 

necessary data. In this form we set up sixteen (16) different categories for 

each patient who came for surgery at Hospital A.

The form included categories that could be filled out before the surgery.

These included: (1) the patient's stencil (name, address, etc.)
(2) The surgery that was to be performed and the date of that 
surgery
(3) the room the patient was in
(4) the code for the doctor who was performing the surgery
(5) if the patient was a diabetic
(6) if the patient had any preoperative ulcers or lesions
(7) if the patient was given antibiotics before surgery
(8) the patient's albumin test
(9) if the patient had been treated with steroids

The patient's stencil, surgery that was to be performed and date of 

surgery, and the room the patient was in are all self-explanatory. We coded the 

surgeons by numbers (1,2,3...) to assure anonymity. In all, 21 surgeons 

performed surgery during the study. If the patient was a diabetic, had been 

treated with steroids, was given preoperative antibiotics, and /or had any 

preoperative ulcers or lesions, all these questions could be answered with a 

simple yes or no. The albumin test was a test performed in the lab, a test that 

I did not participate in. The albumin test is a protein test that checks the 

patient's nutritional status.

After surgery, at 3, 5, and 28 days (postoperational) we checked four 

different aspects of the patient's wound: drainage, erythema, odor, and dressing 

structure. Also postoperatively, we checked the files on the surgery to 

determine the anesthesia class of the patient and the wound class of the patient.

At 3, 5, and 28 days we checked the wound by observation for drainage and

coded this with a number and a letter. Numbers were used to designate the amount
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of drainage (0-none, 1-scant, 2-moderate, 3-heavy). Letters were used to assign 

the type of drainage:

A-bloody with culture
B-bloody without culture
C-bloody-serous with culture 
D-bloody-serous without culture 
E-serous with culture
F-serous without culture
G-purulent or tan with culture 
H-purulent or tan without culture 
I-bile with culture
J-bile without culture
K-fecal with culture
L-fecal without culture
M-urine with culture
N-urine without culture
O-miscellaneous with culture 
P-miscellaneous without culture

All drainage specimens were sent to the lab for culture.

In the erythema section, we again used a number system, with 0-none, 1- 

pink, 2-light red, and 3-deep red.

For the odor section, we once again coded with a number system, with 0- 

none, 1-mild, 2-moderate, and 3-foul.

The dressing and suture category called for both a number and letter coding 

system. In the number system; 1-sutures present, 2-sutures absent, 3-tertiary 

intention, 4-miscellaneous. With the letter system; A-open to air, B-Uxu topper,

C-Kerlex, D-ABD's, E-Telpha, F-Teofoam, G-Steri-strips, and H-miscellaneous (B 

through G are all different types of dressings and sutures).

With the wound class category, a number system was used; 1-clean, 2-clean- 

contaminated, 3-contaminated, and 4-dirty.

The anesthesia class category was again coded by a number system; class 1 

(patient has no serious chronic disease), class 2 (patient has a chronic disease

(like diabetes) that is under control), class 3 (patient has a chronic disease
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that is not under control), and class 4 (patient is not expected to make it 

through the surgery (e.g., - comatose patient).

In order to eliminate subjectivity as much as possible, an enterostomal 

therapist, Mary Ann Lynch, and an Infection Control Specialist, K.C. Irish, 

designed and worked up all of these forms. At times, I would make rounds with 

Mary Ann and help her categorize some of the wounds, but if a question came up 

between two different categories, Mary Ann always had the final say.

If a culture was taken (in the drainage section) a sterile cotton 

applicator was used and sent to the lab. For a few days of this study, I had the 

privilege of going into the lab and seeing the specific diagnostic procedures 

they carry out there.

When the lab receives the inoculated cotton swab, with its proper label, 

many different procedures are carried out to check the pathogenicity of the 

organisms from the wound. First, the lab technicians do a standard Gram stain on 

the organisms obtained from the wound.

In the lab, the cotton swab is also streaked on blood agar (which grows 

both gram negative organisms and gram positive organisms) and McConkey's agar 

(which selects for gram negative rods). If both gram negative and gram positive 

organisms are present, a selective medium called CNA, which doesn't grow gram 

negative organisms, is used. As a backup, the cotton swab is dipped in a 

thioglycollate broth. If the agar plates show no growth, the thioglycollate 

media may. The plates, now inoculated, are incubated for 18-24 hours at 37°C.

After the incubation period, gram positive and gram negative organisms are 

separated. The lab then uses a certain plate for the two different gram stains. 

These plates have many compartments, which test for things like sugars fermented 

and energy sources that the organism uses. Through many biochemical tests, a
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code can be established. A code book can then be consulted, which identifies the

organism and the minimum inhibitory concentration (MIC), or the smallest

concentration of a specific antibiotic that will stop the growth of the organism. 

Through these procedures the lab can determine whether or not a culture is

infected and which antibiotics can be used to combat the infection. All this

information is then documented into the patient's file.

The information accumulated through these procedures and forms (one of

which is shown below) was then processed into a computer by various hospital 

aids, and a databank was established.

All the information for the databank was from the months of August, September, 

October, and November (463 surgeries). From the computer data, I used a computer 

printout to derive my results.

The following graphs and tables illustrate the results obtained from this 

study for the months of August, September, October, and November, 1989:
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DATA COLLECTION FORM FOR SURGICAL WOUND INFECTIONS AT HOSPITAL A

Created by: Dr. John Pullman, M.D.
K.C. Irish, Infection Control Specialist 
Mary Ann Lynch, Enterostomal Therapist

PATIENT STENCIL VND CLASS

(U9) ASA
CLASS

SURGICAL PROCEDURE & DATE (U15) ROOM

MD CODE

(U5) Albumin7 !
(U8) Dehiscence Length_____ cm

DATE (UlOab)
DRAINAGE

(UlOc)
ERYTHEMA

(UlOd)
ODOR

(Ull) 
DRESSING 
SUTURE 

RN
51? .

“(Ul)

- 3RD DAY 0 '»

(U2)
7TH DAY

•

(U3)
28TH DAY

(U12a) Is patient diabetic? /~7 Yes Cl No 
(U12b) Any preop ulcers/lesions? !_J Yes [_/ No 
(U13a) Any preop antibiotics? /_/ Yes £7 No 
(U13b) History of steroid use? CJ Yes /~7 No

Select one nuaber for each category.
Preinage O-Mone 1-Scant 2-Moderate 3-Heavy 
Erytbeaa O-Kone 1-Pink 2-Lt led 3-Dp Red 
Odor O-None 1-Mild 2-Moderate 3-Toul
Drainage - combine one letter below with the lett 
chosen for dreinage.
A-Bloody w/eulture B-Bloody vo/eulturs
C-Bloody-seroua w/culture D-Bloody-seroue wo/cult
E-Serous .w/culture 
6-Purulent or Tan 

w/culture 
I-Bile w/culture 
K-Fecal w/eulture 
M-Orlne w/culture 
O-Klsc. w/culture

F-Serons wo/culture 
H-Purwlent or tan 

wo/eulture 
J-Bile wo/eulture 
L-Feeal wo/culture 
K-Urine wo/eulture 
P-Mise. wo/eulture

Dressing t Suture - Choose one letter

Send completed form to MIS.

and one nuaber: 
A-Open to air 
B-Uxu topper 
C-Xerlez 

<D-ABDs

1- Sutcres present
2- Suturea ebsent
3- Tiertiary Intention
4- Mi seel 1 aneous

t-Talpha 
F-Zeofoaa 
C-Steri-strips 
B-Hiscellaneoua
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AUGUST 1989

Number of Surgeries
107

Number of Infections
11

Wound Infection Rate - 10.28%

Diabetic Patients
10 (9.35%)

Number of Infections - 1 (9.09%)

Non-diabetic Patients
97 (90.65%)

Number of Infections - 10 (90.90%)

ASA Class Number of Patients Number of Infections __ %
1 21 (19.63%) 0 0.00%
2 43 (40.19%) 4 9.30%
3 29 (27.10%) 4 13.79%
4 14 (13.08%) 3 21.43%

Infections (davs) Number %
3rd day 3 27.27%
7th day 4 36.36%

28th day 4 36.36%

Wound Class Number of Patients Number of Infections %
Clean 47 (43.93%) 4 8.51%
Clean-contaminated 44 (41.12%) 4 9.09%
Contaminated 11 (10.28%) 2 18.18%
Dirty 5 ( 4.67%) 1 20.00%

Patients (treated with) Number Number of Infections %
Antibiotics 13 1 7.69%
Steroids 2 0 0.00%
Neither 92 10 10.87%
Both 0 0 0.00%
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SEPTEMBER 1989

Number of Surgeries
121

Number of Infections
14

Wound Infection Rate - 11.57%

Diabetic Patients
2 (1.65%)

Number of Infections - 0 (0.00%)

Non-diabetic Patients
119 (98.35%)

Number of Infections - 14 (11.76%)

ASA Class Number of Patients Number of Infections __ %
1 12 ( 9.92%) 0 0.00%
2 45 (37.19%) 6 13.33%
3 38 (31.40%) 3 7.89%
4 26 (21.49%) 5 19.23%

Infections (days) Number %
3rd day 5 35.71%
7th day 8 57.14%

28th day 1 7.14%

Wound Class Number of Patients Number of Infections %
Clean 49 (40.50%) 3 6.12%
Clean-contaminated 40 (33.06%) 4 10.08%
Contaminated 17 (14.05%) 4 23.53%
Dirty 15 (12.40%) 3 20.00%

Patients (treated with) Number Number of Infections %
Antibiotics 23 4 17.39%
Steroids 0 0 0.00%
Neither 98 10 10.20%
Both 0 0 0.00%
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OCTOBER 1989

Number of Surgeries
148

Number of Infections
8

Wound Infection Rate - 5.41%

Diabetic Patients
15 (10.13%)

Number of Infections - 1 (6.67%)

Non-diabetic Patients
133 (89.86%)

Number of Infections - 7 (5.26%)

ASA Class
1
2
3
4

Number of Patients
32 (21.62%)
52 (35.14%)
40 (27.03%)
24 (16.22%)

Number of Infections
1
3
3
1

%
3.13%
5.77%
7.50%
4.17%

Infections (days) Number %
3rd day 3 37.50%
7th day 3 37.50%

28th day 2 25.00%

Wound Class Number of Patients Number of Infections %
Clean 76 (51.35%) 2 2.63%
Clean-contaminated 55 (37.16%) 4 7.27%
Contaminated 12 ( 8.11%) 0 0.00%
Dirty 5 ( 3.38%) 2 40.00%

Patients (treated with) Number Number of Infections %
Antibiotics 33 3 9.09%
Steroids 0 0 0.00%
Neither 115 5 4.35%
Both 0 0 0.00%
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NOVEMBER 1989

Number of Surgeries Number of Infections
87 1

Wound Infection Rate - 1.15%

Diabetic Patients Non-diabetic Patients
4 ( 4.60%)

Number of Infections - 0 (0.00%)
83 (95.40%)

Number of Infections

ASA Class Number of Patients Number of Infections %
1 21 (24.14%) 0 0.00%
2 34 (39.08%) 0 0.00%
3 24 (27.59%) 1 4.17%
4 8 ( 9.20%) 0 0.00%

Infections (days) Number %
3rd day 0 0.00%
7 th day 0 0.00%

28th day 1 100.00%

Wound Class Number of Patients Number of Infections %
Clean 41 (47.13%) 0 0.00%
Clean-contaminated 35 (40.23%) 1 2.86%
Contaminated 7 ( 8.05%) 0 0.00%
Dirty 4 ( 4.60%) 0 0.00%

Patients (treated with) Number Number of Infections %
Antibiotics 28 1 3.57%
Steroids 3 0 0.00%
Neither 56 0 0.00%
Both 2 0 0.00%
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TOTALS

Number of Surgeries Number of Infections
463 34

Wound Infection Rate - 7.34%

Diabetic Patients Non-diabetic Patients
31 ( 6.70%) 432 (93.30%)

Number of Infections - 2 (6.45%) Number of Infections - 32 (7.41%)

ASA Class Number of Patients Number of Infections %
1 86 (18.57%) 1 1.16%
2 174 (37.58%) 13 7.47%
3 131 (28.29%) 11 8.40%
4 72 (15.55%) 9 12.50%

Infections (davs) Number %
3rd day 11 32.35%
7th day 15 44.12%

28th day 8 23.53%

Wound Class Number of Patients Number of Infections %
Clean 213 (46.00%) 9 4.23%
Clean-contaminated 174 (37.58%) 13 7.47%
Contaminated 47 (10.15%) 6 12.77%
Dirty 29 ( 6.26%) 6 20.69%

Patients (treated with) Number Number of Infections %
Antibiotics 97 9 9.28%
Steroids 5 0 0.00%
Neither 361 25 6.93%
Both 2 0 0.00%



25
H

EA
D

 C
O

U
N

T
AUGUST 1989

1 2

29

3 4

Num. of Patients
ASA Class

VJ Num. of Infections



26

SEPTEMBER 1939
H

EA
D 

C
O

U
N

T

45

Nam. of Palienfs
ASA Class

V\] Num. of Infections



OCTOBER 1989
H

EA
D

 C
O

U
N

T

60

52

1 2

40

3 4

ASA Class
7j Num. of Infections77] Num. of Patients



28

NOVEMBER 1989
HE

AD
 C

O
U

N
T

35-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34

12 3 4

ASA Class
\\| Num. of InfectionsNum. of Pafienfs



29
HE

AD
 C

O
U

N
T

1 32 4

ASA Class
77] Num. of Infections771 Num. of Palienfs



30

August - Surgeon's Report

Surgeon # of # of %
Coded Surgeries infections

1 21 2 9.52%
2 2 0 0.00%
3 1 0 0.00%
4 2 0 0.00%
5 8 0 0.00%
6 2 1 50.00%
7 14 4 28.57%
9 4 1 25.00%

10 8 0 0.00%
11 1 0 0.00%
12 2 0 0.00%
13 4 0 0.00%
15 20 2 10.00%
16 6 0 0.00%
18 8 1 12.50%
20 2 0 0.00%
21 2 0 0.00%

107 11 10.28%

Infections According to Wound Class

Surgeon Wound # of # of %
Coded Class Surgeries Infections

1 2 8 1 12.50%
1 4 2 1 50.00%
6 2 1 1 100.00%
7 1 5 3 60.00%
7 3 2 1 50.00%
9 3 3 1 33.33%

15 2 10 2 20.00%
18 1 6 1 16.67%

Infections According to Anesthesia Class

Surgeon ASA # of # of %
Coded Class Surgeries Infections

1 2 6 1 16.67%
1 4 6 1 16.67%
6 2 2 1 50.00%
7 2 3 1 33.33%
7 3 1 1 100.00%
7 4 6 2 33.33%
9 3 2 1 50.00%

15 2 9 1 11.11%
15 3 7 1 14.29%
18 3 4 1 25.00%

All other surgeries and surgeons had
a rate of 0.00% in these categories.
Only infections were considered.)

(Note
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September - Surgeon's Report

Surgeon # of # of %
Coded Surgeries infections

1 16 0 0.00%
2 4 0 0.00%
3 6 1 16.67%
4 1 0 0.00%
5 5 0 0.00%
7 36 11 30.56%
8 1 0 0.00%
9 1 0 0.00%

10 8 0 0.00%
11 6 0 0.00%
12 3 0 0.00%
13 1 0 0.00%
15 11 1 9.09%
16 3 0 0.00%
18 2 1 50.00%
20 9 0 0.00%
21 8 0 0.00%

121 14 11.57%

Infections According to Wound Class

Surgeon Wound # of # of %
Coded Class Surgeries Infections

3 2 2 1 50.00%
7 1 10 3 30.00%
7 2 9 1 11.11%
7 3 7 4 57.14%
7 4 10 3 30.00%

15 2 8 1 12.50%
18 2 2 1 50.00%

Infections According to Anesthesia Class

Surgeon ASA # of # of %
Coded

3
Class

2
Surgeries

3
Infections

1 33.33%
7 2 12 5 41.67%
7 3 10 2 20.00%
7 4 14 4 28.57%

15 3 5 1 20.00%
18 4 1 1 100.00%

All other surgeries and surgeons had
a rate of 0.00% in these categories.
Only infections were considered.)

(Note
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October - Surgeon's Report

Surgeon # of # of %
Coded Surgeries infections

1 16 2 12.50%
2 2 0 0.00%
3 6 0 0.00%
5 1 0 0.00%
6 1 0 0.00%
7 24 3 12.50%
9 6 0 0.00%

10 15 1 6.67%
11 3 0 0.00%
13 3 1 33.33%
15 38 0 0.00%
16 1 0 0.00%
18 12 0 0.00%
20 17 1 5.88%
21 3 0 0.00%

148 8 5.41%

Infections According to Wound Class

Surgeon Wound # of # of %
Coded Class Surgeries Infections

1 2 11 1 9.09%
1 4 2 1 50.00%
7 2 4 2 50.00%
7 4 1 1 100.00%

10 1 8 1 12.50%
13 2 3 1 33.33%
20 1 13 1 7.69%

Infections According to Anesthesia Class

Surgeon ASA # of # of %
Coded Class Surgeries Infections

1 3 8 1 12.50%
1 4 4 1 25.00%
7 2 12 2 16.67%
7 3 3 1 33.33%

10 1 9 1 11.11%
13 3 2 1 50.00%
20 2 8 1 12.50%

All other surgeries and surgeons had
a rate of 0.00% in these categories.
Only infections were considered.)

(Note
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November - Surgeon's Report

Surgeon # of # of %
Coded Surgeries infections

1 16 0 0.00%
2 3 0 0.00%
3 4 0 0.00%
5 3 0 0.00%
7 9 1 11.11%
9 6 0 0.00%

10 5 0 0.00%
11 10 0 0.00%
13 2 0 0.00%
15 11 0 0.00%
18 8 0 0.00%
20 7 0 0.00%
21 3 0 0.00%

87 1 1.15%

Infections According to Wound Cl

Surgeon Wound # of # of
Coded Class Surgeries Infections

7 2 8 1

Infections According to Anesthesia Class

Surgeon ASA # of # of %
Coded Class Surgeries Infections

7 3 31 33.33%

(Note - All other surgeries and surgeons had
a rate of 0.00% in these categories.

Only infections were considered.)
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Totals - Surgeon's Report

Surgeon # of # of %
Coded Surgeries infections

1 69 4 5.80%
2 11 0 0.00%
3 17 1 5.88%
4 3 0 0.00%
5 17 0 0.00%
6 3 1 33.33%
7 83 19 22.89%
8 1 0 0.00%
9 17 1 5.88%

10 36 1 2.78%
11 20 0 0.00%
12 5 0 0.00%
13 7 1 14.29%
15 80 3 3.75%
16 10 0 0.00%
18 30 2 6.67%
20 35 1 2.86%
21 19 0 0.00%

463 34 7.34%

Infections According to Wound Class

Surgeon Wound # of # of %
Coded Class Surgeries Infections

1 2 19 2 10.53%
1 4 4 2 50.00%
3 2 2 1 50.00%
6 2 1 1 100.00%
7 1 15 6 40.00%
7 2 21 4 19.05%
7 3 9 5 55.56%
7 4 11 4 36.36%
9 3 3 1 33.33%

10 1 8 1 12.50%
13 2 3 1 33.33%
15 2 18 3 16.67%
18 1 6 1 16.67%
18 2 2 1 50.00%
20 1 13 1 7.69%
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Totals - Surgeon's Report (Cont.)

Infections According to Anesthesia Class

on ASA # of # of %
d Class Surgeries Infections
1 2 6 1 16.67%
1 3 8 1 12.50%
1 4 10 2 20.00%
3 2 3 1 33.33%
6 2 2 1 50.00%
7 2 27 8 29.63%
7 3 17 5 29.41%
7 4 20 6 30.00%
0 3 2 1 50.00%

10 1 9 1 11.11%
13 3 2 1 50.00%
15 2 9 1 11.11%
15 3 12 2 16.67%
18 3 4 1 25.00%
18 4 1 1 100.00%
20 2 8 1 12.50%

(Note - All other surgeries and surgeons had 
a rate of 0.00% in these categories. 
Only infections were considered.)
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Discussion and Conclusions

Many interesting results have come out of this study. First I will take

a look at the overall wound infection rate, which turned out to be 7.34%.

This compares favorably with some earlier mentioned studies which had rates of 

7.4% and 4.7%[1,8]. Also, these earlier studies did not look at all the 

surgeries in their respective hospitals. So, while the rate at Hospital A may 

seem higher than earlier studies, I feel our 7.34% rate is more reflective of 

the overall infection rate, in that it includes every surgery.

Another interesting fact is that the overall rates in August and 

September (10.28% and 11.57%) were much higher than the rates in October and 

November (5.41% and 1.15%). Perhaps once the surgeons started seeing their 

infection rates in the first two months, they may have been more careful about 

certain procedures in the latter two months, thereby reducing their individual 

rates. The publishing of these rates may also have created a friendly 

competitive atmosphere, which very well could have reduced the rate. Of 

course, other factors may have contributed to the lower rates in the latter 

months and only through further study could these aspects be assessed.

An anomaly of this study shows the infection rate in diabetics (6.45%) 

to be lower than the infection rate in non-diabetic patients (7.41%). This 

does not agree with other wound infection studies, which, as one would expect, 

almost always show a higher infection rate for diabetic patients[8,14]. This 

would make sense as a diabetic patient would most likely be more vulnerable to 

a wound infection than his or her counterpart due to such things as his or her 

blood sugar levels. With this unusual statistic, I thought maybe the size of 

the sample (463 patients) was not large enough. Some of the other studies had 

sample sizes of 63,000 patients, so I felt that maybe this difference in 

sample size might have accounted for the lower rate in the diabetic patients.
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Many of the statistics and results from this study (e.g.,wound infection rate, 

clean wound rate, etc.) were very comparable to the results obtained in the 

larger studies. Therefore, there is no specific statistical test that could 

explain the anomaly of the diabetic patients. Maybe the sample that I studied 

was at the low extreme of a test like the student T test, due to some

incidental occurrence like a low number of diabetic patients in the sample 

area at the time of the study. The only way to account for a statistic like 

this one is through continued sampling over a longer time period because of 

the small size of Hospital A.

Concerning the time when wound infection became apparent, it proved 

valuable for us to do a follow up study on the patients (28th day survey), as 

23.53% of the infections were detected with the follow up phone call.

In the categories of wound class, with respect to infection, Hospital

A's rates are reflective of other studies that have been done. The clean

wound infection rate was 4.23%, the clean-contaminated rate was 7.47%, the 

contaminated rate was 12.77%, and the dirty rate was 20.69% (Refer to Totals 

Table, page 24). These rates are expected to rise with the degree of 

contamination, and the only variation of significance is that the clean wound 

infection rate should be lower (1-2%)[8]. Again, however, if you look at the 

clean wound infection rate in a month-by-month analysis, you will see that the 

rate steadily declined (as the overall wound infection rate did).

With respect to patients treated with antibiotics and/or steroids before

surgery, some interesting statistics have also turned up. Patients who were

given pre-operative antibiotics had an overall wound infection rate of 9.28%, 

while patients that were given neither steroids nor antibiotics before surgery 

had an overall infection rate of 6.93% (Refer to Totals Table, page 24). In

order to account for this statistic, one would have to go back and check the
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reasons why or why not the patient was given pre-operative antibiotics. No 

patients who were given steroids before surgery had an infection rate, but 

there were only five patients who received this type of treatment during the

4 study. Steroids are given to patients as anti-inflammatory or

immunosuppressive agents as they impair the mobilization, adherence, 

phagocytosis, and bactericidal activity of neutrophils, monocytes, and 

macrophages. They also depress B- and T-lymphocyte activity, diminish 

production of interferon, and alter the gastrointestinal flora and local 

tissue integrity, resulting in easier invasion by endogenous flora. High dose 

steroids can be well tolerated for up to three weeks, but after that the 

incidence of life-threatening infection is increased[8]. Again, the figure in 

this study concerning steroids and infection might be attributed to an extreme 

statistic, and only through further study will the validity of this type of 

statistic become apparent.

The most interesting factor in this study, I feel, turned out to be the 

infection rates in the anesthesia risk categories. The class 1 patients had 

an overall rate of 1.16%, the class 2 patients, had a rate of 7.47%, the class 

3 patients had a rate of 8.40%, and the class 4 patients had a rate of 12.50% 

(Refer to Totals Table, page 24). Like the wound class categories, as a 

patient's status made him or her more vulnerable to infection (like class 4

anesthesia patients), the overall wound infection rate goes up. This is 

certainly an aspect that would be expected in a wound infection rate study, 

but it is also an aspect that I feel has been overlooked. With the medical 

world's continual emphasis on asepsis and aseptic technique, almost all of the 

study that has gone into infection rates in wounds has been in areas such as 

the surgeon's hands, drapings, proper shaving techniques, and operating room 

sites. More attention should be given to the status of the patient when one
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is looking at infection rates. For example, in Hospital A, a study could be 

made stratifying individual surgeons and then looking at their rates with 

respect to anesthesia risk category (Refer to Totals Table, page 24). By 

being aware of a patient's vulnerabilities, a hospital could take certain 

precautions that could significantly reduce the infection rate. Granted, 

statistics about a surgeon's clean wound infection rate are important.

However, information about a patient's anesthesia risk category can also be 

helpful to a hospital and to surgeons when working to reduce wound infection

rates.

Overall, I feel this study is just a beginning, and that other studies 

of this type should be made since it is difficult to stratify tendencies in 

wound infection rates with only 463 surgeries. Data gathered from patients in 

an extended study would increase the patient sample size; and further analysis 

may improve the reliability of results from a study for a hospital the size of 

Hospital A. It will be interesting to know if our findings about the low 

infection rate for diabetic and steroidal patients is characteristic of 

Hospital A or the geographical region or if it is due to some other factor 

particular to this present study.

In any event, studies of this kind yield information that is valuable in 

a hospital's attempt to know about and to reduce infections resulting from 

surgical wounds. As this study goes on and more information is acquired and 

analyzed, I feel this study will reveal many interesting things concerning 

wound infections and will become a very helpful tool in Hospital A's attempt 

to reduce infections in surgical wounds.
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