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CORR Insights®: Do Double-fan Surgical Helmet Systems Result in
Less Gown-particle Contamination Than Single-fan Designs?

Simon W. Young FRACS

Where Are We Now?

When Sir John Charnley first
began performing total hip
replacement in the 1960s,

the risk of prosthetic joint infection
(PJI) was as high as 9.5% [1]. In an
attempt to reduce this, he introduced
the body exhaust suit to protect the
surgical site from potential microbial
contamination from operative staff [2].

Body exhaust suits originally used
aspiration tubing to create negative
pressure inside the suit, which would
remove shed particles from the operation.
Feagin [3] identified about 10 different

body exhaust suit designs on the market
in 1979 and recommended exhaust as-
piration of 60 liters of air per minute per
gown. Three years later, a large ran-
domized trial [7] found that a body ex-
haust suit had a 90% reduction in PJI rate
(0.7 versus 0.06%) in patients given
prophylactic antibiotics and operated on
in ultraclean theatres. These results led to
the widespread introduction of the body
exhaust suit.

More-portable surgical helmet sys-
tems were introduced during the
1990s. Such surgical helmet systems
typically had an intake fan on the hel-
met itself, drawing air through the
hood, which is then blown across the
surgeon’s face and neck, creating a
positive pressure environment inside
the gown [12]. A 2016 review found
that in contrast to body exhaust suits,
modern surgical helmet designs have
not shown a reduction in PJI rates, with
some studies reporting a paradoxical
increase [13]. The positive pressure of
modern surgical helmet systems has
been implicated as a potential reason
for these findings [4].

In the current study, Vermeiren and
colleagues [11] performed a compari-
son between a standard single-fan sur-
gical helmet systems, and a double-fan
surgical helmet systems design. While

the original aim of the two fans was to
improve ventilation and surgeon com-
fort, the authors speculated that it may
also reduce positive pressure inside
the gown, thus reducing particle egress
and contamination. In an experimental
model using fluorescent particles and
ultraviolet light, the authors found no
difference in contamination between the
single and double-fan surgical helmet
systems designs [11].

Where Do We Need To Go?

Experimental models like the current
study will be important in evaluating
future suit designs, but clearly further
clinical data are needed. Helmet fans are
just one aspect of suit design—suit
material, stitching at seams, speed of
airflow, and sealant tape around the
gloves may all affect contamination
rates. The challenge when evaluating
suits using experimental models, is that
the relationship between the outcome
measured (particle contamination), and
the outcome of interest (PJI), is unclear.

While PJI remains themost common
reason for premature revision following
arthroplasty [6], the advent of pro-
phylactic antibiotics has reduced rates
to the level where prospective studies
are difficult to power adequately. If an
intervention (such as a surgical helmet
systems) is hypothesized to reduce PJI
rates from 1% to 0.5%, a study with
80% power to detect a difference at the
5% significance level would need more
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than 9000 patients; conducting such a
study, obviously, would be difficult.

Currently, most contemporary in-
formation on PJI rates with the use of
surgical helmet systems comes from
joint registry data. However, not all
registries record surgeon attire, and no
registry records more-specific details
such as the type of suit, airflow speed, or
whether tape was used around the cuffs.
Registry findings are mixed—the New
Zealand Joint Registry was the first to
report surgical helmet systems may be
associated with a paradoxical increase
in revision for PJI, whereas other reg-
istries report no difference [9], and a
later multivariate analysis using New
Zealand registry data could not confirm
the association [10]. In order to de-
termine the clinical effect of suit design
aspects similar to the current study [11],
future studies need large datasets with
accurate recording of both surgeon at-
tire and postoperative PJI rates using
defined criteria.

How Do We Get There?

As resistance to prophylactic antibiotic
resistance increases, it is possible to
foresee a time where there is a renewed
focus on reducing contamination in the
operating field. Registry studies provide
large numbers of patients and can be an
important tool in studying rare end-
points like infection. However, national
registries do not capture all infections, as
surgery for PJImay notmeet the registry
definition of “revision” (change, re-
moval, addition, or manipulation of a
component) or procedures are per-
formed urgently out of hours and data
collection is compromised [14].

Combining data from arthroplasty regis-
tries with surgical site infection surveil-
lance programs [5] may offer better
insight into the effect of surgical helmet
systems on PJI risk. Furthermore, there is
potential for prospective-nested random-
ized controlled trials where individual
hospitals are randomized to surgical
helmet systems use, with PJI rates mon-
itored by these surveillance programs.
After appropriate ethical review, such
studies do not require individual patient
consent, which is expensive to obtain and
typically requires paid researchers.
Prospective-nested randomized con-
trolled trials can reduce costs, while still
providing the large numbers required for
adequate study power. However, what-
ever the findings of future studies may
show, many surgeons are likely to wish
to wear surgical helmet systems because
of the personal protection provided by
such systems [8].

References
1. Charnley J. A clean‐air operating enclo-

sure. Br J Surg. 1964;51:202–205.
2. Charnley J. Low Friction Arthroplasty of

the Hip. Berlin: Springer Verlag; 1979.
3. Feagin JA. Bacteriology of the operating

room with the use of helmet aspiration
systems. Arch Surg. 1979;114:790–792.

4. Fraser JF, Young SW, Valentine KA,
Probst NE, Spangehl MJ. The gown-
glove interface is a source of contamina-
tion: A comparative study. Clin Orthop
Relat Res. 2015;473:2291-2297

5. Jung P, Morris AJ, Zhu M, Roberts SA,
Frampton C, Young SW. BMI is a key
risk factor for early periprosthetic joint
infection following total hip and knee
arthroplasty. NZ Med. J. 2017;130:
24–34.

6. Koh CK, Zeng I, Ravi S, Zhu M, Vince
KG, Young SW. Periprosthetic joint in-
fection is the main cause of failure for
modern knee arthroplasty: An analysis of

11,134 knees. Clin Orthop Relat Res.
2017;475:2194-2201.

7. Lidwell OM, Lowbury EJ, Whyte W,
Blowers R, Stanley SJ, Lowe D.
Effect of ultraclean air in operating
rooms on deep sepsis in the joint after
total hip or knee replacement: A
randomised study. Br Med J. 1982;
285:10–14.

8. Makovicka JL, Bingham JS, Patel KA,
Young SW, Beauchamp CP, Spangehl
MJ. Surgeon personal protection: an
underappreciated benefit of positive-
pressure exhaust suits. Clin Orthop
Relat Res. 2018;476:1341–1348.

9. Namba RS, Inacio MCS, Paxton EW.
Risk factors associated with deep surgical
site infections after primary total knee
arthroplasty: An analysis of 56,216
knees. J Bone Joint Surg Am. 2013;95:
775–782.

10. Tayton ER, Frampton C, Hooper GJ,
Young SW. The impact of patient and
surgical factors on the rate of infection
after primary total knee arthroplasty: An
analysis of 64 566 joints from the New
Zealand Joint Registry. Bone Joint J.
2016;98-B:334–340.

11. Vermeiren A, Verheyden M, Verheyden
F. Do double-fan surgical helmet systems
result in less gown-particle contamination
than single-fan designs?ClinOrthop Relat
Res. [Published online ahead of print
January 16, 2020. DOI: 10.1097/CORR.
0000000000001121.

12. Young SW, Chisholm C, Zhu M.
Intraoperative contamination and space
suits: a potential mechanism. Eur J
Orthop Surg Traumatol. 2014;24:
409–413.

13. Young SW, Zhu M, Shirley OC, Wu
Q, Spangehl MJ. Do ’surgical helmet
systems’ or “body exhaust suits” af-
fect contamination and deep infection
rates in arthroplasty? A systematic
review. J Arthroplasty. 2016;31:
225–233.

14. Zhu M, Ravi S, Frampton C, Luey C,
Young S. New Zealand Joint Registry
data underestimates the rate of prosthetic
joint infection. Acta Orthop. 2016;87:
346–350.

Volume 478, Number 6 CORR Insights®: Single and Double-fan Helmet Contamination 1367

CORR Insights

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

http://dx.doi.org/10.1097/CORR.0000000000001121
http://dx.doi.org/10.1097/CORR.0000000000001121

