


















































group. Mader et. al. also complain that the recurrences (two which were in HBO treated patients)
were due to patient refusal of further surgical intervention after HBO. Thus, they claim the trial
to be inconclusive because the patients were non-compliant. However, one could suggest that
HBO should reduce the need for second or third debridements (and recurrences). Moreover, the
Esterhai et. al. trial found that the failure rate in the HBO group was just over double that in the
control group, suggesting a potentially clinically significant negative effect of HBO in these
patients. Thus the failure to demonstrate any statistically significant difference (even in the
"wrong" direction) between HBO and control groups was not because of bias, but because of its'
low power.

3.4 Costs

In-terms of costs, Davis & Heckman (5) cite an example of a patient with COM whose total
management costs were $240,000 over a 7 year period. Of this total cost, they estimated that
HBO costs added an average of $11,600, based on their own experience. HBO costs, however,
varied across studies with some estimates ranging from $10,000 to $12,500 or about 5% of
overall management costs.

3.5 Su'mmary

In summary, case series data all report fairly high recovery rates of COM with the use of H'BQ as
an adjunct to standard therapy, and the only trial in a small number of patients (n=28) showed no
beneficial (and possibly a deleterious) effect. Thus one is left with conflicting data regarding the
efficacy and effectiveness of this intervention and little can be concluded until larger trials are
undertaken. Moreover, COM would appear, fortunately, to be a fairly rare phenomenon based
both on VGH and Chinese data. Since success rates (whether measured in cures or arrested
disease) are highly variable and do not seem to be consistently higher with HBO than without it,
and given that the expense of HBO has been estimated by some authors to be as high as $12,500
(whether this includes all chamber and physician costs or even the total HBO costs for a
complete course of therapy which may occur intermittently over many months is not clear), HBO
may not provide value for money in the management of COM. More compelling evidence of its
effectiveness and greater understanding of its costs is needed for informed policy decisions.
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4.0 REVIEW OF THE LITERATURE: OSTEORADIONECROSIS

ORN is a complex clinical entity involving bone, skin and teeth. As noted above, radiation
therapy for cancer produces significant necrosis and resultant hypoxia. Bone, because it is a
continuously growing tissue, is particularly _susceptiblev to radiation injury. The mandible,
because of its idiosyncratic blood supply and its particular proximity to potentially pathogenic
bacteria (i.e. the teeth and gums the integrity of which is compromised by the cancer being
treated), is especially sensitive (2,3). Thus the literature available for review or cited either in the
Handbook (2) or Davis and Hunt (3) refers almost exclusively to ORN of the mandible. These
are mostly basic science or animal studies and case reports (excluded from consideration), and
case series. A single randomized controlled trial on the effect of HBO vs. penicillin in the

prevention of post-radiation osteonecrosis in the context of tooth extraction was reviewed.

4.1 Reviews

Myers and Marx © (26) p_rovide the most recent comprehensive discussion of the
pathophysiological and clinical aspects of ORN. They cite several early studies in which HBO
was used without adequate surgical management demonstrating that HBO alone was of little
therapeutic value. In the late 1970's the basic pathophysiological problem of hypoxia was
clarified and led to the same type of management approach used in COM: good surgical care,
apbropriate antibiotics, and HBO as an adjunct maneuver. This reference, essentially a review,
(much of it of Marx's own work) provides little detail on the selection of patients or other
methodological issues. Considerable space is devoted to the specifics of HBO treatment such as
the management protocol developed by Marx for the geveml stages of ORN (Stage I, Stage II,
Stage III, and Stage ITIR). It is claimed that ORN was resolved in all 268 patients (38 in Stage I,
48 in Stage II, 182 in Stage III). In Stage I, the HBO treatment consisted of 40 dives at 2.4 ATA
for 90 minutes each. If there was insufficient resolution, patients were considered to be in Stage
IT and given an additional 10 dives and if there was still no resolution patients were considered to
be in Stage III and given a further 10 dives. Stage IIIR patents were those who, following
resection and adjunct HBO, were given more radiation. Resolution and cost data are provided
for this large case series. Among the non-HBO patients (N=65) the average one-year cost was
$31,000 with total average costs of $104,000 and a resolution rate of 8%. In contrast, among the
51 patients with HBO without surgery, the mean one-year cost was $20,000 and the mean total
cost was $82,000, with a resolution rate of 17%. For the Marx protocol 130 patients had a mean
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one-year cost of $35,000 and a mean total cost of $35,000 with a 100% resolution rate. All costs
were estimated using 1985 dollars. Whether these costs include physician fees is not clear.

Del Core et.al. (27) have written a recent review ( in Italian), but it adds little to the information
already provided.

4.2 Case Series

Other case series reviewed or cited by Myers and Marx, and Marx and Johnson (28), report
essentially the same results and will only be mentioned briefly. '

Hart and Strauss (29) reported a large series (N=378) in 1986, with 336 patients completing HBO
treatment and receiving 2 ATA for two hours daily (outpatients) or 1.5 hours per day (inpatients)
for a total of approximately 120 hours. HBO was started no sooner than 2 months following
radiation because of known complications with_early HBO. The overall success rate is not
reported in-the Handbook but data are provided on the 235 patients with mandibular ORN which
accounted for 62.2% of all the patients in this series. Of these 235 patients, 206 completed HBO
treatment and 72% were said to have "excellent results”, 10% "good results”, 15% "a fair
response”, and 3% were "failures”. How these outcomes were defined is not stated. Similarly,
Mainous et. al. (30) reported on 11 cases of mandibular ORN and 22 cases of mandibular COM
all of which were said to have healed completely. No specifics are provided regarding treatment
regimen, patient selection, blindness, etc. Finally, Tobey_et. al (31) reported in 1977 that 2 ATA
appeared to be more effective in mandibular ORN than 1.2 ATA but no specifics are provided.
Other case series report essentially the same results (32-35).

4.3 Trials

‘Marx et. al. (36), report the only randomized controlled trial of patients with ORN. There were

74 "high risk irradiated patients" requiring dental surgery which, as noted above, is a
complicating factor in ORN of the mandible. The focus of this study was on the prevention of
ORN and the contrast was between penicillin and HBO. The results revealed that in the
penicillin control group, 11 patients (29%) developed ORN, while in the HBO group only 2
patients (5.4%) developed ORN. However, although this was a random'ized trial it was not made
clear whether the observers were blinded. As well, the exclusion criteria were severe (e.g. no

significant co-morbidity etc.), which reduces generalizability.

13



Myers and Marx also cite an early study by Greenwood and Gilchrist (37) which was said to be
randomized trial of 104 patients with ORN who received 6400 Grays. The treatment group was
given HBO at 2.4 ATA for 90 minutes daily for twenty days compared with a control group
which received only air. The success rate in the HBO group was 92% (with a complication rate
of 11%) compared to a non HBO group success rate of 66% (with a complication rate of 26%).
No comments-are made regarding the methodology employed (how patients were randomized,
whether the groups were comparable at baseline or whether blinded assessment was used, etc.).
These results seem impressive with a relative increase in success of almost 40% (an absolute
difference of 26%) but no statistical assessment is reported. "Assuming an equal numbers of
patients in each group (N=52), the power may have been limited. Unfortunately, the reference
cited by Myers and Marx is not a randomized controlled trial but a case series of 4 patients with
additional animal data. Further searches have failed to find the randomized controlled trial of
104 patients they describe”.

4.4 Summary

In summary, HBO for ORN of the mandible would seem to have some support, pan.icu'larly as an
adjunct to surgery post irradiation of the mandible. However, the single controlled trial is small
although its focus is on an important aspect of this disease: the prevention of ORN. Data from
case series, although roughly consistent with regard to success rates, are poorly described in
terms of methodology. Moreover, it is clear that for ORN of the mandible (and perhaps other
sites) costs of HBO are substantial, although according to Myers and Marx (26), the costs are less
expensive than alternative therapeutic regimens. Given the complexity of post radiaion ORN
from a physiological and clinical perspective, and since there would seem to be little else one can
offer the patient, HBO may very well be a useful adjunct in this situation. However, as noted
above, the costs are not trivial, even if less than the altematives, and further reseafch providing
appropriate comparisons of treatment with and without HBO should be undertaken in order to
provide more conclusive evidence than is available to date.

* In addition, the BCOHTA has contacted Marx to obtain the correct reference, but he has been unable
to locate it, even after discussion with-Myers.
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5.0 CONCLUSIONS AND COST CONSIDERATIONS

COM and ORN are infrequent but difficult clinical conditions to manage. The literature
reviewed (mostly case series in humans) suggests that HBQ is a useful adjunct to sound surgical
and antibiotic therapy. However, the overall failure rate in COM patients with HBO in the only
trial to date was twice the failure rate in those without HBO. Moreover, success rates in case
series with and without HBO were quite variable and on the same order of magnitude.

Although the evidence may be more convincing for ORN, it is still far from satisfactory. Data
from the VGH indicate that local costs are far lower than those reported by Myers and Marx (26)
(but the former do not include physician fees or other costs of care-only HBO chamber costs (see
below)). Since the proportion of cases seen at the VGH for COM and ORN account for only
20% of all patients treated (at least in fiscal 1990-91), and although it is not clear how
representative these utilization data are in terms of annual case mix over the last several years, it

would seem that HBO for these conditions represents a relatively marginal cost.

There remains the uncertainty of whether HBO does more good than harm or significantly
improves patient outcomes. Thus, the data at this stage are insufficient to provide clear
directions for policy.” Given the insufficient data regarding COM, it is possible that little is to be
gained by expanding the utilization of the VGH chamber to include more cases. Indeed, if the
1991 data are representative of provincial need (and no argument is put forward by the Division
Head that there is unmet need), there may be no unmet need. Conversely, since there are several
other conditions for which HBO has been shown effective and is indeed the accepted treatment 6f
choice, and given the substantial capital investment, it seems clear that the chamber at the VGH
should continue to operate, and that small changes in the number of cases of COM either up or
down would have a marginal effect on hospital costs although the effect on physician costs
would be more dramatic.

The situation regarding ORN is less ambiguous but the fact remains that for both conditions
populaton based data of potential provincial caseloads are currently unavailable, thus potential
utilization rates are unknown.

5.1 Costs

The issue of costs for the management of these two conditions although hard to estimate warrants
further discussion. As noted above, the costs identified in the VGH report are for the operation
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of the HBO chamber only and do not include the costs of other management components such as
surgery, antibiotics, general hospital care, diagnostic tests (e.g. CT scans) etc. In addition,
physician costs were not included. Fees (according to the current BCMA fee schedule, p. 23) are
$65.89 for the first hour and $33.86 for each additional fifteen minutes if the physician is inside
the chamber, and $44.86 for the first 30 minutes and $23.86 for each additional 15 minutes if the
physician is outside the chamber. In the Esterhai et. al. trial (23), the HBO group recei\}ed one
dive per day of two hours duration, six dives per week. Although the total number of weeks is
not given, the physician fees for a week of therapy in BC would have be as high as $1178.58 if
the physician was inside the chamber, assuming for each day's dive the first hour was billed at
the first hour rate and the second hour at the 15 minute rate x 4, or as low as $1110.24 if the
physician was outside the chamber. According to Davis and Heckman (5), the average number
of treamments for COM is between 30 and 60 (i.e. 5-12 weeks) depending on the rapidity of
response, thus the total physician costs per patient would range between $5891 and $14,143
using inside chamber fees. However, as noted above, the number of treatment sessions reported
in the literature may be much higher so that the figures estimated here may be conservative and,
as reported in the literature, cost data may range widely.

With regard to ORN, Marx and Johnson (27) report that with appropriate staging the minimal
cost would be for stage I patients who require at least of 30 dives (90 minutes a dive) at an
approximate HBO cost of at least $4000 for these patients with the best prognosis.

While it is noted by many authors that HBO treatment may be carried out on an outpatient basis,
thus shortening hospital length of stay and thereby reducing costs, it is also clear that the overall
costs of managing patients with COM or ORN are not trivial and much higher than the average
fixed chamber costs calculated from the VGH data. These estimates clearly do not represent a
formal cost analysis but give a rough idea of what the minimal management costs of these
patients are likely to be. A thorough cost analysis should be undertaken since, despite the
suggeston of significant benefit in numerous case series, effectiveness data are poor and costs
are high.

5.2 Conclusion

Thus, it is concluded that untl a more convincing case can be made both for efficacy and
effectiveness, and overall provincial rates of these two conditons is clarified, expanded
utilization of HBO for COM (and probably also for ORN) is unwarranted. The uncertainty

regarding the recent data on effectiveness might even suggest that current utilization may be of
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little value for these conditons and should be discouraged, although the overall cost savings
associated with a reduction of such utilization are likely to be marginal (except for physician
fees) given the small number of cases, high fixed chamber operating costs, and the utility of
HBO for other conditions. However, the costing data provided in the VGH report are insufficient
to obtain a clear picture of the total costs of treaing COM or ORN. Notwithstanding this lack of
data, evidence from the literature suggests that total management costs are substantial, possibly
as high as $250,000 to $300,000 per patient with COM (the higher figure for patients with
ORN), with 10% of these figures representing HBO costs. Thus there is an urgent need for data
to support, clearly and unambiguously, this therapeutic modality for these conditions.

What is perhaps most striking (and sobering) about the evaluation of HBO is that after 30 years
of intensive research including several thousand published papers, at least two decades of
symposia of various kinds, and development of unquestioned clinical expertise by a number of
key groups, the efficacy and effectiveness of this therapeutic intervention remains unclear. Only
the fact that it is an adjunct to other forms of management is unambiguous and represents a
consensus among workers in this field. The lack of appropriate randomized controlled trials
(despite the view of many authors that such trials cannot be undertaken- a view based on
insufficient evidence) and the absence of good economic evaluations would appear to leave us in
the clinical and policy equivalent of purgatory, where we shall remain until proper evidence is
produced.

17



REFERENCES

*10.

*11.

Jacobson JH, Marsch JHC, Randall-Baker L: Historical perspectives of hyperberic oxygen
therapy. Ann NY Acad Sci, 1965;117:651 cited in Handbook. See Ref 2.

Fischer B, Jain KK, Braun E, Lehrl S: Handbook of Hyperbaric Oxygen Therapy. Springer-
Verlag. New York 1988.

Problem Wounds: The Role of Oxygen. (JC Davis and TK Hunt, eds). Elsevier. New York 1988.

Lepawsky M: Maximizing cost effectiveness in the hyperbaric unit. Vancouver General Hospital
Hyperbaric Unit Annual Report. 1990-1991.

Davis JC, Heckman JD: Refractory Osteomyelitis. Problem Wounds. Op cit Ref 3. Chapter 5, pp
125-142. '

Grim PS, Gottlieb LJ,-Boddie A, Batson E: Hyperbaric oxygen therapy. JAMA 1990;263:2216-
20.

Mader JT, Adams KR, Wallace WR: Calhoun JH. Hyperbaric oxygen as adjunctive therapy for
osteomyelitis. Inf Dis Clinic of N.A. 1990;4:433-40.

Calhoun JH, Cobos JA, Mader JT. Does hyperbaric oxygen have a place in the treatment of

osteomyelitis. Orthopedic Infection 1991;22:467-71.

Kelly PJ, Martin WJ, Coentry MB: Chronic osteomyelitis: Treatment with closed irrigation and
suction. JAMA 1970;213:184348.

Papineau LF, Alfrange A, Dalcourt I, et al: Osteomylite chronique: Excision et graffe de
spongieuz a l'air libre apres mises a plat extensives. Int Orthop 1979;3:165.

May JW, Gallico GG, Lukash FN: Microvascular transfer of free tissue for closure of bone
wounds of the distal lower extremity. N Engl J Med 1982;306:253-57.

* Reference read by citation only — because unavailable locally

18



¥ 12. May IW, Gallico GG, Jupiter J. et al: Free latissimus dorsi flap with skin graft for treatment of

*13.

*14.

15.

*16.

17,

18.

19.

20.

21.

22

traumatic chronic bony wounds. Plast Reconstr Surg 1984;73:641-49.

Mathis SJ, Alpert BS, Cheng N: Use of the muscle flap in chronic osteomyelitis: Experimental
and clinical correlations. Plast Reconstr Surg 1982;69:815-28.

Mathis SJ, Feng LJ, Hunt TK: Coverage of the infected wound. Ann Surg 1983;198:420-29.

Slack WK, Thomas DA, Perrins DJD: Hyperbaric oxygen in chronic osteomyelitis. Lancet
1965;1:10934. '

Perrins JD, Maudsley RH, Colwill MW et al: OHP in the management of Chronic Osteomyelitis.
In Proceedings of the Third Intemational Conference on Hyperbaric Medicine, (Brown IW, Cox
BG eds) Washington D.C. National Acad of Sciences National Research Council 1966:pp. 578-84.

Dupenbusch FI, Thompson RE, Hart GB: Use of Hyperbaric oxygen in the treatment of refractory
osteomyelitis: A preliminary report. J Trauma 1972;12:763-68.

Refractory osteomyelitis of the extremeties and axial spine: In: Hyperbaric Oxygen Therapy. (JC
Davis and TK Hunt eds.) Undersea Medical Sociéty, Inc. Bethesda MD. 1977; Chapter 15; pp 217-
227. =

Davis JC: Adjunctive hyperbaric oxygen in chronic refractory osteomyeiiiis: Long term follow-up
results. Letter to the editor. Clinical Orthop 1986;205:310.

Morrey BF, Dunn JM, Heimbach RD, et al: Hyperbaric oxygen and chronic osteomyelitis. Clin
Orthop 1979;144:121-27.

Eltorai I,Hart GB, Strauss MB: Osteomyelitis in the spinal cord injured: A review and a
preliminary report on the use of hyperbaric oxygen therapy. Paraplegia 1984; 22:17-24.

Davis, JC, Heckman JD, De Lee J, Buckwold FJ: Chronic non-hematogenous osteomyelitis

treated with adjunct hyperbaric oxygen. J Bone and Joint Surg 1986;68A:1210-17.

* Reference read by citation only — because unavailable locally

19



23.

2.

26.

217.

28.

%29,

30.

31

32,

25,

Lee Hui-chieh, Niv, Ko-chi, Chen Shing-Han, et al: Hyperbaric oxygen therapy in clinical
aplication. A report of 12 years' experience. Chung Hua I Hseueh Tsa Chih 1989;43:307-16.

Esterhai JL, Pisarello J, Brighton CT et al: Adjunctive hyperbaric oxygen therapy in the treatment
of chronic refractory osteomyelitis. J Trauma 1987;77:763-68.

Ciemy G, Mader JT, Pennicle JJ: A clinical staging system for adult osteomyelitis. Contemp
Orthop 1985;10:17-37.

Myers RAM, Marx RE: Use of hyperbaric oxygen in post radiation. Head and Neck Surgery. NCI”
Monographs 1990;9:151-157.

Del Core G, Serpio R, Laino G: L'ossigenoteerapia iperbarica nel tattamento
dell'osteoradionecrosia: una revisione del suo uso ed efficacia.  Archivo Stomatologico
1989;30:421-8.

Marx RE, Johnson RP: Problem wounds in oral and maxillofacial surgery. Problem Wounds. Op
cit Ref 3. Chapter 4, pp 65-123.

Hart GB, Strauss MB: Hyperbaric Ox'ygeh in management of radiation injury. In: Proceedings of
the 1st Swiss Symposium on Hyperbaric Medicine. Foundation for Hyperbaric Medicine, Basel.
1986; pp. 19-39.

Mainous EG, Boyne PJ, Hart GB: Hyperbaric oxygen treamment of mandibular osteomyelitis:
report of three cases. JAMA 1973;87:1426-30.

Tobey RE,Kelly JF,Vinton JR, et. al.: Hyperbaric oxygen therapy for chronic osteoradionecrosis
of mandible. In: Proceedings of the VI Intemational Congress of Hyperbaric Medicine. University
of Aberdeen Press. 1977: pp 217-278.

Teixeria W, Muller F, Villemin T, Meyer E: Hyperbaric oxygen in the treatment of
osteoradionecrosis of the mandible. Laryngo-Rhino-Otologie 1991;70:380-3. In german, abstract

reviewed.

* Reference read by citation only — because unavailable locally

20



* 33, Beumer J, Harrison R, Sanders B, et al.: Osteoradionecrosis: predisposing factors and outcomes of
therapy. Head Neck Surg 1984;6:819-27.

*34, Kaufman T, Hirshowitz B, Monies-Chass I: Hyperbaric oxygen for postradiation osteomyelitis of
the chest wall. Harefuah 1979; 97: 220-222.

35. Marx RE, Ames JR: The use of hyperbaric oxygen therapy in bony reconstruction of the irradiated
and tissue deficient patient. J Oral Maxillofacial Surgery 1982;40:412-420.

36. Marx RE, Johnson RP, Kline SN: Prevention of osteoradionecrosis: A randomized prospective
clinical trial of hyperbaric oxygen. J Am Dental Assoc. 1985;111:49-54.

37. Greenwood TW, Gilchrist AG: The effect of hyperbaric oxygen on wound.healing following
ionizing radiation. In Proceedings of the Fifth International Congreés on Hyperbaric Medicine Vol
I (Trapp WL, Bonnister EW, Davidson AJ et al. eds), Bumaby Canada: Simon Fraser Univ. 1973.
Pp253-263.

* Reference read by citation only — because unavailable locally

21



