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Oxygen Tension of the Saphenous Vein Incision Site in Post-operative Coronary
Artery Bypass Graft Patients, the Effect of Pain and Analgesia: A Pilot Study

by

Deborah E. Roy

Abstract

Background Adequate tissue oxygenation is an essential component to the healing

wound. Pain resulting from surgery activates the sympathetic nervous system and is

thought to decrease tissue perfusion with subsequent decrease in oxygen. The effects

of pain and its modulation with analgesics on perfusion have not been extensively

reported in the literature.

Objective This study sought to determine the level of tissue oxygen at the saphenous

vein harvest site of post-operative coronary artery bypass graft patients, as well as

how pain and its modulation with analgesia effect that oxygenation.

Methods Patients were consented during their pre-operative appointments. Post

operatively the evening of surgery demographic data were collected and charts

reviewed. Transcutaneous oxygen, hemodynamic, and oxygen supplementation data

were collected every five minutes for up to two hours. A body outline diagram,

McGill Pain Questionnaire-short form, and numeric rating scale (0-10) were used to

assess pain pre- and post-analgesic administration.

Results The sample consisted of six patients. Baseline TcC2 (study leg) ranged from

15 mm Hg to 47 mm Hg with a mean of 36 mm Hg (+11.87). Baseline TcO2 of the

control leg averaged 46.5 mm Hg (+ 15.6). This difference was not statistically

significant by paired t-test and Wilcoxon signed ranks test (p=0.120 and p-0.116,



respectively). Two patients experienced pain during the study period. One patient

complained of 6/10 pain. Specific pain sites were at the sternum (6/10), right knee

(4/10), left SV (4/10) and right SV (4/10). The second patient experienced 3/10 pain

over the chest. Pain responded well to analgesic (2-4mg morphine IV). Patients

described their pain as "sharp", "stabbing", "steady/stinging", "cramping", and

"pressure". Correlations between TcO2, pain, and analgesic could not be done due to

small sample size.

Conclusions In this study of six post-operative CABG patients with SV harvesting,

preliminary data show TcO2 measures were low in several patients. This could

potentially contribut to SV harvest site complications. Two patients experienced

pain, therefore little can be said as to the pain experience during the initial post

operative course. Due to the small sample size, no conclusion can be made as to the

relationship between pain and analgesic administration and TcO2 at the SV site.



Oxygen is pivotal to the healing of wounds (Hunt & Hopf, 1997; Jensen, Jonsson,

Goodson, Hunt, & Roisen, 1985). Cardiovascular surgery patients who undergo coronary

artery bypass grafting (CABG) are at risk for inadequate oxygen to their saphenous vein

(SV) harvest site. The patient's physiologic response to surgery, the perfusion pump,

edema that accompanies SV harvesting, and the various co-morbidities seen in this

patient population place them at risk. In addition, surgical patients experience incisional

pain at both the sternum and SV harvest site on the leg. Pain results in altered respiratory

function, sympathetic nervous system (SNS) activation, and the initiation of the stress

response (Puntillo, 1991). Pain leads to decreased tissue oxygenation that may result in

alterations in wound healing (Hunt & Hopf, 1997; Jensen et al., 1985). To date there are

little data that link oxygenation and pain in the SV harvest sites of patients who have

undergone CABG surgery.

The purpose of this study was to determine the level of tissue oxygen at the SV

harvest site of post-operative CABG patients, as well as how pain and its modulation

with analgesia affect that oxygenation. Specifically, this study tested the following

hypotheses:

1) SV harvest site oxygen tension is below normal post-operatively.

2) Pain is inversely correlated with tissue oxygen tension at the SV harvest site.

3) Analgesic administration is positively correlated with increased SV harvest

site oxygenation.

Background

Over 607,000 cardiothoracic surgeries are performed in the United States per year

(National Hospital Discharge Survey: Annual Summary 1997). Data show that 6.8 to

43.8% of CABG patients develop post-operative SV harvest site complications including



non-healing wounds, wound necrosis, ulcers, and cellulitis (Goldsborough et al., 1999;

L'Ecuyer, Murphy, Little, & Fraser, 1996; Palleta et al., 2000; Wipke-Tevis, Stotts, Skov,

& Carrieri-Kohlman, 1996). Treatment of these complications can include antibiotic

administration, wound debridement, skin grafting, or more invasive procedures such as

vascular surgery, fasciotomies, and lower extremity amputation (Palleta et al., 2000).

Post-operative SV harvest site complications cause significant patient morbidity that

increase lengths of stay and hospital costs (Paletta et al., 2000).

Oxygen and Wound Healing

Oxygen is essential in angiogenesis, collagen formation, and the prevention of

infection (Hunt & Hopf, 1997; LaVan & Hunt, 1990). Any condition that alters the

availability or delivery of oxygen to healing tissue may inhibit the wound's ability to heal

and protect itself from infection.

Anemia is a common finding in post-surgical and critically ill patients that results

in a decrease in oxygen carrying capacity and tissue oxygenation. Initial post-operative

hematocrits in CABG patients have been shown to range from 13% to 47% with a mean

of 29.7+ 4.7% (Spiess et al., 1996). Heugen, Grislis, & Hunt (1974) reported that

anemia in an otherwise healthy, well-hydrated individual did not impair wound healing,

and others have shown that hematocrits as low as 20% were not associated with impaired

collagen formation (Jensen, Goodson, Vasconez, & Hunt, 1986). In the face of moderate

anemia, hypovolemia may cause a greater risk to healing wounds.

Hypovolemia causes peripheral vasoconstriction and increased blood viscosity

that limits delivery of oxygen to the wound site and compromise wound healing

(Heughan, Grislis, & Hunt, 1974). Chang, Goodson, Gottrup, & Hunt (1983)

demonstrated an increase in tissue oxygenation with the administration of supplemental



fluid in ten post-operative patients, and suggested that hypovolemia is a common cause

of decreased tissue oxygen. Conversely, over-hydration and/or third-spacing of fluid

also impairs the wound healing process. Perfusion to wounds becomes impaired as fluid

is deposited into the tissue spaces, increasing the distance that oxygen must travel to

reach the healing wound (Hunt, Rabkin & Von Smitten, 1986).

Vasoconstriction of the subcutaneous vascular bed results in a reduction in tissue

oxygenation. Hunt & Hopf (1997) reported that peripheral vasoconstriction due to SNS

stimulation is the most frequent and most critical factor in tissue oxygenation. This SNS

response can be activated by cold, pain, fear, blood volume deficit, and by various

medications such as nicotine, beta-adrenergic antagonists and alpha agonists (Hunt &

Hopf, 1997). Both limiting SNS activation and promoting vasodilation can improve the

likelihood of uncomplicated wound healing (Hunt & Hopf, 1997).

Central and peripheral temperature also effect tissue oxygen tension. The

application of heat to wounds dilates the local vasculature, thus increasing tissue oxygen

levels (Ikeda et al., 1998; Sheffield, Sessler, & Hopf, 1997). Recent literature has

demonstrated that maintaining normothermic ambient temperatures in the operating

theater results in improved collagen formation and decreased wound infection rates

(Kurz, Sessler, & Lenhardt, 1996). In this study of 200 colorectal surgery patients, the

overall incidence of post-operative infection was 12%, 6 in the normothermic group

and 18 in the hypothermic group (p=0.009). Significantly more collagen deposition

occurred in the normothermic group (328 ug/cm + 135 vs. 254 ug/cm + 114) (p<0.04).

Post- operative vasoconstriction was seen in 78% of patients in the hypothermia group

versus 22% in the normothermic groups (p<0.001). Vasoconstriction continued

throughout the six-hour recovery period in the hypothermic group, but was short-lived in



the normothermic group. The authors concluded that intra-operative normothermia

decreases post-operative infectious complications resulting in decreased hospital stays

(Kurz, Sessler, & Lenhardt, 1996).

Risk Factors for Decreased SV Oxygen in CABG Patients

Many clinical factors can influence the availability of oxygen to the healing

wound post-operatively. Altered pulmonary function from inadequate ventilation,

pulmonary edema, or decreased pulmonary blood circulation results in lower blood

oxygen levels and contributes to tissue hypoxia (McGaffigan, 1996). This decrease in

circulating oxygen results in altered wound healing.

Impaired cardiac function also inhibits tissue oxygen delivery. Patients with

either coronary artery disease or valvular heart disease exhibit a decreased ejection

fraction from reduced contractility. Chronic hypertension results in increased cardiac

workload and damages the microcirculation, thus decreasing tissue oxygen and

increasing the likelihood of dehiscence (Hunt & Hopf, 1997). Such decreases in

ejection fraction (EF) limit the flow of oxygenated blood to the tissues and organs

throughout the body.

Post-operative CABG patients commonly experience decreased pulmonary

function, low EF, hypertension, anemia, and hypothermia. Given the high incidence of

SV harvest site complications the oxygen tension at that site may be inadequate to

support wound healing.

Saphenous Vein Harvest

Traditionally, the greater SV is harvested via an incision from the upper thigh to

the lower leg. The incision may involve the entire leg or be limited to the lower leg. The

incision may be continuous or broken into segments that leave skin bridges. The vein is



dissected and side branches are clipped, proximal and distal ends ligated, and then the

vein is removed. The wound is then closed with suture, or less commonly staples,

followed by wrapping of the extremity with a compression bandage.

Recently, the use of endoscopic techniques has been applied to SV graft

harvesting for CABG surgery. This technique involves an incision on the medial aspect

of the thigh, just above the knee. The SV is dissected at this point, and a subcutaneous

retractor is placed. An endoscopic dissector is advanced, dissecting tissue as it follows

the path of the SV. Side braches are clipped and ligated prior to removal of the vein.

The subcutaneous space is drained and the extremity is wrapped with a compression

bandage. The endoscopic technique was introduced to decrease post-operative

complications, pain, and improve cosmetic results (Hayward et al., 1999; Marty et al.,

2000). Both traditional and endoscopic vein harvest techniques result in tissue

disruption resulting in activation of wound healing mechanisms and the sensation of pain.

Saphenous Vein Incision Complications

There are three often cited studies that address SV incision complications. Utley

et al., (1989) prospectively collected data on 1047 patients undergoing CABG surgery.

The purpose of this study was to identify pre-operative clinical factors that correlated

with impaired healing in SV harvest incisions. Of the 1047 patients studied, 254 (24.3%)

had developed impaired wound healing, defined as inflammation, separation, cellulitis,

lymphangitis, drainage, necrosis or abscess. Significant correlations were found, using

Chi Square analysis, between impaired SV site healing and female gender (p<0.005),

obesity (p<0.005), diabetes (p<0.005), left ventricular end-diastolic pressures greater than

15 mm Hg (p<0.0074), arterial occlusive disease (p<0.01.24), and post-operative

hematocrit less than 35% (p<0.0491). Multiple regression analysis of the predictors of



impaired healing in their sample were obesity (p=0.0027), female gender (p=0.0329),

and occlusive disease (p=0.0279), these patients were more likely to have impaired

healing.

Wipke-Tevis, Stotts, Skov, & Carrieri-Kohlman (1996) conducted a descriptive

study that examined the frequency, manifestations and correlates of impaired healing of

SV graft sites in CABG patients. The ASEPSIS wound-scoring tool (Additional

treatment, Separation of deep tissue, Erythema, Purulent exudate, Serous exudate,

Isolation of bacteria, Stay in hospital) was used to evaluate risk of infection in sternal and

leg wounds in CABG patients until discharge. Saphenous vein harvest sites were

evaluated daily. During the study, 128 CABG surgeries were performed, 40 patients were

enrolled and 32 completed the study. Using the classifications from the ASEPSIS wound

scoring tool, overall impairment of the saphenous incision site was 43.8%. More than

half of those (56.25%) were classified as satisfactory healing, 31.25% had disturbance of

healing, 6.25% had minor wound infections, and 6.25% had moderate wound infection.

Manifestations of impaired wound healing included prolonged erythema, prolonged

drainage, both prolonged erythema and drainage, and separation of superficial wound

edges. Obesity and the use of preoperative diuretics correlated with incision

complications as demonstrated by a positive correlation of body mass index and pre

operative use of diuretics with the ASEPSIS score (p=0.026, p=0.016 respectively).

Paletta et al. (2000) conducted a retrospective chart review of 3,525 patients who

had undergone CABG surgery over a ten-year period to identify potential risk factors for

wound complications. Lower extremity wound complications occurred in 145 patients

(4.1%). One hundred twenty two patients were treated successfully with medical

therapy, and 23 required surgical intervention. The most frequent complications in this



study were a non-healing wound or an ulcer with wound necrosis. The most frequent

surgical interventions were debridement and skin grafting. In a univariate analysis,

female gender, peripheral vascular disease, diabetes, and post-operative intra-aortic

balloon pump (IABP) were identified as significant risk factors for the development of

major leg wound complications. Likewise, multivariate stepwise regression analysis

identified female gender, peripheral vascular disease, and IABP use as independent

predictors of major SV harvest site complications. Major harvest site complications were

defined as a leg wound that had failed to respond to conservative therapies and required

surgical intervention.

Pain in the CABG Patient

Post-operative CABG patients have pain at both the sternum and the SV harvest

site (Mueller et al., 2000; Nay, Elliott, & Harrop-Griffiths, 1996). The acute pain felt by

post-operative patients stimulates catecholamine release through activation of the SNS. It

has been shown that increased levels of catecholamines decrease wound oxygen tension

(Jensen, Jonsson, Goodson, Hunt, & Roizen, 1985).

Several studies have measured post-operative pain in the CABG patient

population (Ferguson, Gilroy, & Puntillo, 1997; Kuperberg & Grubbs, 1997; Mueller et

al., 2000; Pozehl, Barnason, Zimmerman, Nieveen, & Crutchfield, 1995; Puntillo &

Weiss, 1994; Valdix & Puntillo, 1995). Post-operative CABG patients have reported

their maximum overall (all sites) pain as 2.6 to 7.2 on a numeric rating scale (NRS)

(range 0-10) (Ferguson, Gilroy, & Puntillo, 1997; Kuperberg & Grubbs, 1997; Mueller et

al., 2000; Valdix & Puntillo, 1995), with an average overall pain rating from 3 to 5.2

(Nay, Elliott, & Harrop-Griffiths, 1996; Puntillo & Weiss, 1994; Ferguson, Gilroy, &

Puntillo, 1997; Valdix & Puntillo, 1995). Forty percent of patients experience pain in



more than one area over the course of seven days (Mueller et al., 2000), most often

complaining of pain in their chest and leg (Nay, Elliott, & Harrop-Griffiths, 1996;

Mueller et al., 2000). Use of the McGill Pain questionnaire short form (MPQ-SF)

revealed mean sensory scores ranging from 5.9 to 8.7 (Puntillo & Weiss, 1994; Valdix &

Puntillo, 1995) and affective scores from 2.9 to 3.0 (on scales of 0-33 and 0-12

respectively) (Puntillo & Weiss, 1994; Valdix & Puntillo, 1995). The sensory and

affective scores reflect spatial, thermal, pressure (sensory), unpleasant emotions, and

aversive drives (affective) of the patient's pain experience.

Pain has physiological and psychological components; the combination of these

culminates in the patient's perception of pain (Puntillo, 1991). Puntillo and Weiss (1994)

conducted a study to examine factors that influenced post-operative pain in patients who

had undergone cardiovascular surgery. Specific interest pertained to the extent that age,

gender, personality and amount of analgesics administered predicted post-operative pain.

They also sought to determine the relationship between the pain magnitude experienced

by patients and selected morbidities. Each subject was monitored for up to three days in

the first five post-operative days. Mean pain intensity ranged from 5 to 5.2, with an

average SD of 2.75 over three days. Mean sensory and affective descriptors of pain using

the MPQ-SF were 5.9 to 7.3 (sensory), and 2.9 to 3.0 (affective). Hierarchical regression

analysis with the variables age, gender, amount of analgesia, and degree of personality

adjustment (using the California Q-test) showed the only significant predictor of pain

intensity and pain affect was the average amount of analgesics received over the three

days. In this study, patients received an average of 14.4 mg of morphine on day one,

9.6mg on day two, and 6.4 mg on day three. The authors suggest that, although these

small amounts of analgesic may have stabilized patients' pain, they were not enough to



minimize the intensity of their pain. The magnitude of pain was related to only one

morbidity factor. Patients with higher pain scores had more atelectasis than those with

lower pain intensity (F=27 and 21 respectively, Chi Square =3.69, p=0.05).

Nay, Elliot, & Harrop-Griffiths (1996) compared CABG patients' pre-operative

perceptions of post-operative pain with their post-operative pain experience. Seventy

percent of patients predicted that the chest would be the site of greatest pain, and 23%

predicted the SV harvest leg. Post-operatively, 74% of patients reported chest wall pain

to be their worst pain, while 16% reported the SV harvest leg as being their worst pain.

Patients expected their pain level to be six on a NRS (0-10), while actual post-operative

mean pain score was four (range 0-10, p<0.04).

Ferguson, Gilroy and Puntillo (1997) explored pain intensity, pain distress, and

morphine administration in post-operative CABG patients. They compared the rating of

pain and distress reported by patients with those obtained by the nurses caring for them.

Levels of pain and distress were rated using separate 10 point numeric rating scales

(NRS); the nurses used these same scales. Patients' worst pain intensity ranged from 4.91

to 6.26, with the patients average pain intensity increasing over 48 hours (from 4.91 to

6.33). The average amount of opioids they received decreased over time (from 9.7 mg to

7.4mg). There was a significant difference in the average pain reported by patients and

nurses at each point in time, with nurses consistently reporting less pain than patients.

Relationship Between Pain and Oxygen Tension

Akca et al., (1999) examined the relationship between pain and subcutaneous

oxygen (PscO2) in 30 patients undergoing elective knee surgery. After consent, a

subcutaneous tonometer was placed into each patient's upper arm. Post-operatively

patients were randomly assigned to receive 20ml of 1.5% lidocaine or saline placebo



intra-articularly. Evaluation of post-operative pain was done via a 100mm visual

analogue scale (VAS). PscO2 was measured every ten minutes for forty minutes starting

one hour after surgery. Pain scores were higher in the placebo group (40mm) versus the

lidocaine group (11mm) (p<0.001). Subcutaneous oxygen was significantly greater in

the lidocaine group (111 mm Hg) versus the placebo group (86mm Hg) (p=0.016). This

study suggests that control of post-operative pain could significantly influence the

perfusion of oxygen to the wound site and may decrease the incidence of post-operative

infections.

As noted above, SV wound complications are frequent in the post-operative

CABG patient. This patient population has numerous conditions that can decrease

oxygen to the SV wound site including altered pulmonary and cardiac function.

Significant pain can be expected during the post-operative course, and nursing

assessment of pain in this population is inadequate (Ferguson, Gilroy, & Puntillo, 1997).

Analgesic doses are small and decrease over the hospital stay, as patients report steadily

increasing discomfort (Ferguson, Gilroy, & Puntillo, 1997). As oxygen is key to the

healing of wounds, it is important to evaluate the role of pain and analgesia and their

effects on oxygen tension at the SV site.

Methods

This study used a prospective descriptive design. Data were collected at a 500

bed tertiary care teaching hospital in a large western city. Patients were studied post

operatively after they had been extubated and on 2 to 4 liters of nasal canula oxygen for

one hour. This study was approved by both the data collection site's institutional review

board and the University of California, San Francisco's Committee of Human Research.
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Sample

The sample was composed of adult patients undergoing elective CABG surgery

with planned use of SV harvest, who were able to speak and understand the English

language and able to consent to the study. Exclusion criteria included patients

undergoing emergent CABG surgery, those with a complicated post-operative course, the

use of more than 4 liters/min of oxygen via nasal canula at time of data collection, the

presence of peripheral neuropathies, a history of chronic pain, or the long-term use of

opioids. Patients requiring an IABP pre- or post-operatively were excluded. Surgery was

considered complicated if the patient had an ejection fraction less than 40% (if

measured), an aortic cross-clamp time greater than 120 minutes, presence of positive

inotropic therapy with the exception of low dose dopamine (5ug/kg/min), and ventilatory

support of greater than 12 hours after surgery.

Instruments

Location of pain was assessed using a body outline diagram (Puntillo, 1991).

This is a diagram of the body showing anterior and posterior surfaces where the subject

marks their perceived location of pain. A verbal numeric rating scale (NRS) with range

of zero to ten was used to assess pain intensity at each pain location (identified by the

patient) on the body outline diagram and perception of overall (whole body) pain. The

anchors for the NRS are 0 = no pain and 10 = worst possible pain. This is a frequently

used tool in the assessment of pain in a variety of clinical areas and disease states and has

been shown to be a valid and reliable tool (Downie et al., 1978; Kremer, Atkison, &

Ignelzi, 1980; Puntillo & Weiss, 1994).

The McGill Pain Questionnaire - Short Form (MPQ-SF) was used to measure

sensory and affective pain. This scale was derived from the MPQ Long Form (Melzack,
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1987). Both the sensory and affective score produced by the MPQ-SF correlated well

with those of the long form and are able to demonstrate the effects of analgesia (Melzack,

1987). Construct validity has been shown with the MPQ-SF in post-operative patients

(Zalon, 1999). The MPQ-SF has 11 sensory terms and four affective terms. The

magnitude of the subjective experience is graded on a four-point descriptive scale that is

scored from 0–3 (0 = none; 3 = severe pain). The sensory score range is from 0 - 33,

while the affective score range is from 0-12. Internal consistency measured with alpha

reliabilities in surgical patients ranged from 0.75-0.83 across various post-operative days

(Puntillo and Weiss, 1994).

Tissue perfusion was measured using a transcutaneous oxygen sensor (Model

840, Novametrics, Wallingford, CT). Accuracy of this instrument is + 1%, and stability

may vary 1 mm Hg/hour for both oxygen and carbon dioxide for the temperature at

which the monitor was calibrated. Temperature control is accurate within 0.1 degree

Celsius with coefficients of variation for oxygen of approximately 10% (Wimberly et al.,

1990). A sensor was placed on the skin; the heating element was set at 44 degrees C. As

the sensor warms the tissue under the sensor diffusion of oxygen to the sensor electrode

occurs. By measuring the degree to which hemoglobin is unloaded to meet oxygen

demand, TcC2 values reflect blood perfusion (Tremper, Waxman, and Shoemaker, 1979;

Gottrup et al., 1988). The literature has described three levels of TcO2 and its relation to

wound healing. Wounds with TcO2 < 20 mm Hg show poorest healing; TcO2 levels -

40 mm Hg are associated with a high incidence of healing; and TcO2 levels from 20 to

40 mm Hg are considered marginal (Bacharach, Rooke, Osmundson, & Gloviczki, 1999;

Burgess, Matsen, Wyss, & Simmons, 1982; Katsamouris et al., 1984; Misuri, Lucertini,

Nanni, Viacava, & Belardi, 2000; Ratcliff, Chant, & Webster, 1984).
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Procedure

Written consent was obtained by the researcher in the hospital's ambulatory care

unit during the patient's pre-operative appointment. The study protocols and risks were

explained to the patient, any questions were addressed, and written consent was obtained

at that time. Patients were instructed on how to use the NRS, body outline diagram, and

MPQ-SF. On the evening of surgery, patient's charts were reviewed to verify that

subjects still met study criteria. Demographic data were collected at this time. After

demographic data were obtained, the transcutaneous monitors were calibrated to room

air. The electrode site was prepared with an alcohol swab and the electrode was placed

within .5 inches of the SV incision (study leg) and on the opposite leg (control). In the

event that grafts were obtained in both legs, the control electrode was place opposite the

incision site on that leg, ensuring TcO2 of the tissue was measured and not the TcO2 of

the incision site. Baseline TcO2 measurements were made after the sensors had stabilized

(15-20 minutes), and readings remained stable for one minute. Transcutaneous oxygen,

carbon dioxide, hemodynamic data (blood pressure, heart rate, cardiac rhythm,

respiratory rate, oxygen saturation, pulmonary artery pressure, central venous pressure,

temperature (via pulmonary artery catheter), and amount of supplemental oxygen were

recorded every five minutes for up to two hours.

When subjects indicated that they were having pain and desired pain medication,

the researcher had the patient rate their overall pain using the NRS, asked the patient to

identify all areas that were painful using the body outline diagram, and then rated each

area using the NRS. Patients then completed the MPQ-SF. This process took

approximately 2 minutes. The patient was then administered an analgesic (morphine 2

13



4mg IV) per the physicians orders by the ICU nurse. The patient was then instructed to

inform the researcher when the pain medication had taken effect. When the patients

stated that the pain medication had taken effect (approximately 15 minutes later) the pain

assessment was completed again noting pain intensity and MPQ-SF descriptors and their

intensity for each site. Transcutaneous oxygen, carbon dioxide, hemodynamic data, and

supplemental oxygen were recorded every five minutes throughout this process, and

continued until post-analgesic pain evaluation was completed, about fifteen minutes post

analgesic. Only one pain event was recorded per patient.

Data Analysis

Data were compiled using SSPS statistical software. Descriptive statistics were

used for demographic, baseline data, and pain data. A paired t-test and Wilcoxon rank

test were used to compare TcC2 levels between the study leg and the control leg.

Results

This study was conducted from August 2001 to April 2002. A convenience

sample of 13 patients consented to this study. Two patients were excluded due to drift in

the study instruments requiring sensor cleaning and diaphragm replacement; two patients

withdrew their consent prior to their surgery; two patients had post-operative

complications excluding them from participation (post-operative intubation greater than

12 hours, and significant post-operative bleeding with decreased BP requiring inotropes);

and one patient who did not have the SV used during surgery. Six patients completed the

study.

The mean age of the sample was 62.8 years (+ 8.3). All patients were male, had a

mean of 4 grafts (+ 1) and ejection fraction of 53% (+ 9.5). Mean post-operative

hematocrit and hemoglobin were 30.7 (+ 5.66) and 10.5 (+ 1.98), respectively. Patients

14



were seen an average of 8 hours (+ 1.13) post-operatively. Mean hours intubated were

5.9 (+ 1.3). All patients received nitroglycerin drips post-operatively with a mean drip

rate of 24.5 mcg/min (+ 25). One patient received an amiodarone drip at 1 mg/min.

Propofol drips had been discontinued a mean of 3.9 hours (+ 1.78) prior to data

collection. Patients last received an opioid an average of 4.70 hours (+ 3.19) prior to start

of data collection (range 1 to 9 hours). Patient temperature ranged from 37.3 to 38.2

degrees centigrade with an average of 37.6 (+ .36). (Table 1)

Baseline TcO2 (study leg) ranged from 15 mm Hg to 47 mm Hg with a mean of

36 mm Hg (+11.87). Baseline TcO2 of the control leg averaged 46.5 mm Hg (+ 15.6).

This difference was not statistically significant by paired t-test and Wilcoxon signed

ranks test (p=0.120 and p-0.116, respectively).

Of the six patients, only two experienced pain during the study period. Baseline

and pre- and post analgesic TcO2 are shown in Table 2. The descriptions of patients'

pain are shown in Table 3. Patient number 6 complained of pain at the chest (sternum

and upper chest) and SV harvest site and could not place a numeric rating for the SV site,

but stated that he was "aware" of the area. It should be noted that of the pain descriptors

noted ("sharp", "stabbing", "steady/stinging", "pressure", and "cramping") the descriptors

"steady/stinging", and "pressure" are not included in the McGill-SF. The two patients

added these descriptors as none of the McGill-SF descriptors described their sensations at

those sites.

All but two patients in this study received IV Ketorolac (30mg) prior to data

collection. Time of Ketorolac dose ranged from 3 to 5 hours prior to data collection with

a mean of 4 (+ 1). Of the patients who experienced pain, patient 6, whose initial pain was

3/10 received Ketorolac, subject 4 who had 6/10 pain had not. Of those patient who did

15



not have pain during the study period three of the four had received Ketorolac prior to the

start of data collection.

Discussion

This study showed a mean TcC2 at the SV harvest site in a sample of post

operative CABG patients was 36 mm Hg (+ 11.87). Considering that all of these patients

were receiving supplemental oxygen of two to four liters and a vasodilator (NTG), this

value is low. Transcutaneous oxygen levels were greater at the control site in four of the

six subjects, with a mean of 17 mm Hg difference, but were not statistically significant.

This is consistent with a previous study that reported mean subcutaneous oxygen tensions

of mastectomy wounds that were 6-10 mm Hg lower than the subcutaneous tissue sites

near the wound site (p<0.05) (Chang et al., 1983). Our data may not have shown

significance due to lack of power.

Transcutaneous oxygen tension has been used extensively in the literature to

determine amputation level and evaluate likeliness of wound healing (Katsamouris et al.,

1984; Misuri et al., 2000; Ratcliff et al., 1984). These studies have shown that TcO2

levels less than 40 mmHg are more likely to have impaired healing than those with TcO2

greater than 40 mm Hg. Collagen deposition has been shown to be directly proportional

to wound oxygen tension (Jonsson et al., 1991). Oxygen tension has also been shown to

influence the likelihood of infection. In one study, rabbits were inoculated with

Pseudomonas Aeruginosa and placed in various oxygen environments ranging from 12%

to 45%. Culture counts of the wounds of the anoxic group were significantly higher and

were significantly lower in the hyperoxic group (Hunt, Linsey, Grislis, Sonne, & Jawetz,

1975). The low TcO2 in this study indicates that these patients may be more likely to

develop impaired wound healing and infection at the SV site.
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In this study, the overall pain experienced by the two patients prior to analgesic

was mild to moderate with ratings of 3-6/10, and it responded well to analgesic

administration (0-2/10). Overall pain (whole body) experience by the patients in this

study was similar to those reported in the literature (Valdix & Puntillo, 1995; Puntillo &

Weiss, 1994; Kuperberg & Grubb, 1997; Mueller et al., 2000). This study also reports

NRS and MPQ-SF pre- and post- analgesic of specific sites. The studies described earlier

reported mean NRS and do not report data for specific sites therefore, comparison is

limited. Additionally this study's sample size is small, further limiting comparison with

these reports.

Patients in this study described their pain as "sharp", "stabbing",

"steady/stinging", "pressure", and "cramping". Valdix and Puntillo (1995) found that the

majority of patients (62%)(n=39) described their pain as "tender" and "tiring/exhausting".

Pozehl et al. (1995) found that 33% of their CABG subjects (n=194) described their pain

as "tender", and only 12.4% chose "sharp" as a descriptor. These descriptors are for the

overall sensation experienced, and are not related to specific sites, limiting comparability.

Variation from the current literature may also be due in part by the time frame in which

our data was collected as compared to these other studies. The majority of data reported

by these studies were post-operative day one or more versus the evening of surgery in

this study. Usually patients' activity increases on post-operative day one. This increase

in activity puts more stress on the suture lines, increasing the likelihood of discomfort. It

is interesting to note that both patients who experienced pain in this study added their

own descriptors, as the MPQ-SF did not sufficiently describe their experience.

Additionally only sensory descriptors were identified which is not consistent with

previously reported literature. This may also be due to the period in which patients were
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being questioned. If the effects of anesthesia were still present at data collection, this

may explain the lack of affective experience. However, patients were seen an average of

eight hours post-operatively (+ 1.13), this is sufficient time for anesthesia (isoflorane,

versed, and fentanyl) to have worn off. All patients were alert, oriented, and able to

converse at length with the researcher during data collection.

Only two of the six patients in this study experienced pain during the study period

despite the fact that an average of 4.5 hours had lapsed since the previous opioid dose.

Several variables may have contributed to the lack of pain reported. Data collection may

have inadvertently taken place between the need for analgesia, with the previous opioid

still in effect. However, the routine use of Ketorolac Tromethamine 30mg intravenously

(IV) post-operatively around the time of extubation at this institution may be more

responsible. Ketorolac is a non-steroidal anti-inflammatory agent that can produce

analgesic effects similar to that of 10 mg of morphine or 100mg of meperidine (Gahart &

Nazareno, 2002). Its half-life can vary from 3.8 hours to 8.6 hours, with pain relief

lasting from 6 to 8 hours (Gahart & Nazareno, 2002). Ketorolac is frequently used as a

post-operative analgesic in a variety of surgical populations (Hommeril, Bernard, Gouin,

& Pinaud, 1994; Hynninen et al., 2000; Laitinen & Nuutinen, 1992; Rapanos et al., 1999;

Rorarius, Souminen, Baer, Romppanen, & Tuimala, 1993; Turner & Gorringe, 1994). It

has shown to be an effective means of providing analgesia without the adverse systemic

effects such as respiratory depression and hypotension often associated with opioids

(Rapanos et al., 1999).

The relationship between TcO2 and analgesic administration cannot be

determined in this study due to the small size. It is curious to note that one patient's

TcO2 remained relatively the same after the analgesic (17 to 16 mm Hg), while the other
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patient's TcO2 increased (31 to 39 mm Hg) (post-analgesic data was collected 20 minutes

post-analgesic). The first patient with pain received 4 mg of morphine IV while the other

patient received 2mgs. The first patient also was receiving 60 mcg/min of nitroglycerin

at the time of data collection. It is unclear as to why the first patient would not have a

more significant change in TcO2. As TcO2 was followed for an additional 20 minutes

after the post analgesic pain assessment, the first patient's TcO2 started to trend

downward (17 to 10 mm Hg) while the second patient's TcO2 remained elevated (31 to

43 mm Hg). This divergence in response to analgesic cannot be explained by this study,

however future research may want to evaluate variables that may predispose a patient to

respond with an increase or decrease of TcO2 using multiple regression analysis.

Study Limitations

Despite best efforts, the sample size of this study was very small. There are

several limitations to TcO2 measurements. TcO2 electrodes may only be used for short

periods of time (2-4hrs) due to the heating element in the electrode, limiting study time.

Several factors may influence TcO2 readings such as ambient room temperature, the

number of sheets or blankets covering the extremity, and the use of vaso-active

medications altering vascular tone and cardiac output. Although every attempt to control

for these factors were taken, some variability is possible. Additionally, we cannot make a

statement describing oxygen at the SV harvest site for a larger group since this study had

split results with a small sample size. Only two subjects experienced pain, therefore we

cannot draw any conclusions about the relationship between TcO2 and pain or analgesia.

Future Research

This study should be repeated in an effort to recruit a larger sample size. Future

studies may want to include measurement of TcO2, at certain time intervals, over the
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entire post-operative hospital course to determine if low TcO2 persists and in which

patients. Assessments of impaired healing over the hospital stay and post- hospital

course should then be determined and correlated to patients' in-hospital TcO2.

Conclusion

In this study of six post-operative CABG patients with SV harvesting, preliminary

data show TcO2 measures were very low in several patients, potentially contributing to

SV harvest site complications. Two patients experienced pain, therefore little can be said

about the pain experience during the initial post-operative course. Due to the small

sample size, no conclusion can be made about the relationship between pain and

analgesic administration and TcO2 at the SV site.
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Table 1. Demographics
Demographics
Age (yrs)
Grafts
EF (%)
Hct (%)
Hgb (g/dl)
Hrs Post-Op
Hrs Intubated
NTG (mcg/min)
Last Propofol (hrs)
Last Opioid (hrs)
Liters O2 (NC)
Last Ketorolac (hrs)
SaO2 (%)
Pt Temp. (Degree
C)

Minimum
53
3
40
21.3
7.3
6.5
5

Maximum
78
5
65
36
12.2
9.45
8
60
6.5
9
4
5
99.2
38

Mean (SD)
62.8 (8.3)
4 (1)
53 (9.5)
30.7 (5.66)
10.5 (1.98)
8 (1.13)
5.9 (1.3
24.5 (25)
3.9 (1.78)
4.7 (3.19)
3 (1)
4 (1)
97.1 (1.54)
37.58 (.36)

Ejection fraction (EF), Hematocrit (HCt), Hemoglobin (Hgb), Grams per Deciliter (g/dl),
Hours (hrs) Nitroglycerine (NTG), Nasal Canula (NC), Oxygen Saturation (SaQ2),
Patient (Pt), Temperature (Temp), Celsius (C).

Table 2. TcO2 measures, baseline and pre- and post-analgesic
Baseline
TcO2 (study)

Subject

47
42
45
15
36
31

:

7
2
1
2
3
94.8

37

Baseline
TcO2 (control)

42
40
56
21
65
55

Pre-Analgesic
TcO2 (study)

17

29

Pain

(NRS)

6/10

3/10

Post-Analgesic
TcO2 (study)

16

41

Baseline TcO2 scores in mm Hg. Patient four received 4 mg MSO4 intravenously;
patient six received 2mg MSO4 IV.
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Table 3. Description of Pain and Intensity

Subject Overall Sites NRS
NRS per Site

4 6/10 Sternum 6/10
R Knee 4/10
LSV 4/10

RSV 4/10

6 3/10 Chest 3/10
RSV none

Descriptor per
Site
(Intensity 0-3
scale)

Sharp (2)
Stabbing (2)
Steady/Stinging
(2)
Steady/Stinging
(2)

Cramping (1)
Pressure (1)

Overall NRS
Post
analgesic

2/10

0/10

NRS per site
Post

analgesic

Sternum 2/10
R. Knee 0/10
L SV 0/10
RSV ()/10

Chest 0/10
SV 0/10

Descriptor per
Site
(Intensity 0-3)

Sharp (2)
None
Steady/Stinging (2)
Steady/Stinging (2)

None

Right (R), Left (L), Saphenous Vein (SV), "Sternum" involves the area directly above
the thoracic surgical incision; "Chest" involves the sternal site and the upper chest.
Descriptors "steady/stinging" and "pressure" are not included in the MPQ-SF. Patients
chose these descriptors as none of the MPQ-SF descriptors described their sensations.
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