PRECISION PROPHYLAXIS: THE CASE FOR INTRA-INCISIONAL CEPHALOSPORINS

Shifting from Systemic Distribution to Targeted Dermal Delivery in Surgical Site Infection (SSI) Prevention

COMPARATIVE DISTRIBUTION ANALYSIS

SYSTEMIC DISTRIBUTION
ﬁdespr&ad. Diluted Antibiotic Levels 1

INTRA-INCISIONAL DELIVERY

High-Concentration Reservoir

CRITICAL DATA POINTS

« INFECTION RATES: POTENTIAL
REDUCTION BY UP TO 50%
(Theoretical)

« ANTIBIOTIC CONCENTRATION:
>10X HIGHER AT INCISION SITE

« SYSTEMIC ABSORPTION: MINIMAL,
REDUCED RISK OF RESISTANCE

A THEORETICAL AND EVIDENCE-BASED FRAMEWORK FOR BROADENING THE SCOPE BEYOND CEFTRIAXONE
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The Challenge

Conventional IV prophylaxis relies on
“carpet bombing" the systemic pool.
This results in insufficient tissue
concentrations at the incision site
—where 70-95% of infections
originate—while exposing the gut
microbiome to unnecessary toxicity.

The Imperative for a Paradigm Shift
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The Solution

Intra-incisional infiltration creates a
“reservoir of safety.” It achieves
immediate, supra-inhibitory antibiotic
levels in the target tissue (dermis and
subcutaneous fat) that persist
throughout the critical operative
window.

The Theoretical Expansion

Current literature favors Ceftriaxone,
but the mechanism is
pharmacokinetic, not molecular.
Evidence suggests ANY proven
Cephalosporin (e.g., Cefotaxime,
Cefazolin) utilized in this manner
offers superior protection.

Beta-Lactam Ring Cephalosporin Core

Common Mechanism of Action
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Systemic IV Prophylaxis: The “Dilution Effect”

Stage 1: Stage 2: Stage 3:
IV Administration Systemic Pool Peripheral Pool

Reduced
Levels

il kol 1ol

Wide Distribution Reduced Levels

The Lag 1 The Mismatch 1

Vv antib_iutics must distribpte Failure to maintain adequate tissue
systemically before reaching levels (vs. serum levels) increases
peripheral tissues, often missing infection risk.

the critical incision moment.

Stage 4:
Incision Site

A LOW CONCENTRATION

Ineffective at Site

The Waste \

Massive systemic doses are required
to achieve Minimum Inhibitory
Concentration (MIC) in the skin,

causing collateral gut damage.
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The Threat is Endogenous and Local

Surface Prep Zone The Reservoir:

(Betadine/Chlorhexidine) 70-95% of SSIs are endogenous,
originating from the patient’s own
microbiome trapped in the dermal
interstitial space.

Epidermis - |

The Failure:

Standard skin prep cleans the
Dermis - surface but misses deep-dwelling
Endogenous  bacteria. Incision translocates them
Bacteria into the wound.
Subcutaneous | ( The Logic:

Fat | |

If the threat is local, the defense
must be local. Protection is needed
in the dermal interstitial space, not
the arm vein.
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PREINCISION SINGLE-DOSE CEFTRIAXONE/CHALKIADAKIS ET AL

Pharmacokinetics: Creating a ‘Reservoir of Safety’
Comparative Pharmacokinetics of Ceftriaxone (Adapted from Tsatsakis et al.)

2000 - e
- e Supra-Inhibitory Levels:

1000 = Intra-incisional delivery achieves
= 5 ; wound fluid concentrations
S 10x-40x H'Q_her A. Intra-incisional (Wound Fluid) orders of magnitude higher
=2 - Concentration than [V
- o -—, 5
o 100 _E -,.‘F?" Sl i
£ 1] / - TTTTTes==-=—___. « The Depot Effect: The injection
o - B. Intravenous (Wound Fluid) site acts as a reservoir, releasing
E 10 = antibiotic slowly into the system.

e Bioavailability: ~0.68. The drug
IS prioritized to the wound first.
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PREINCISION SINGLE-DOSE CEFTRIAXONE/CHALKIADAKIS ET AL

The Benchmark: Ceftriaxone Clinical Efficacy

Singh et al. (SSI Rates) Dogra et al. (SSI Rates)
D% 13.3% 20% - 18%
15% 1
10% -
10% -
9% -
i 3.3% 5% -
0% - 0% -
IV Group Intra-incisional IVGroup Intra-incisional Combination
Group Group (IV + Local)

Success is attributed to high local concentration against both aerobes and anaerobes.
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PREINCISION SINGLE-DOSE CEFTRIAXONE/CHALKIADAKIS ET AL

The Theoretical Pivot: It’s the Delivery, Not the Drug

Ceftriaxone

Cefotaxime

Cefazolin

Class Mechanism

All Beta-lactams work by time-

dependent inhibition of cell wall

synthesis. Success depends on
Time > MIC.

The Depot Factor

Tissue residence time of intra-
incisional injections extends the
effective duration of even short

half-life drugs like Cefotaxime.

The Conclusion

If efficacy is driven by local
concentration gradients, ANY
proven Cephalosporin with skin
flora activity will theoretically
achieve superior results.
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Validating the Class Effect: Beyond Ceftriaxone

Agent Study Outcome

_ Reduced SSI to 10% (Local) vs 18% (IV).
Cefotaxime Dogra et al. Combination therapy reduced to 2.5%.

Intra-incisional superior to no treatment;
Cephaloridine Pollock et al. Reduced primary sepsis to 14% vs 36%

(Ampicillin) in high-risk groups.

Concluded intra-incisional infiltration is

Cefamandole Dixon et al. more efficacious than IV.

Pharmacokinetics support intradermal

Cefazolin General Literature depot safety; Global standard for prophylaxis.
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Local Potency, Systemic Safety

The Flow of Protection » Systemic Coverage:
Absorption provides serum
levels comparable to IM
injection.
Injection Site ey oo Pt *_
(Dermis) _ymphatics Systemic * Local Tolerance: Studies
| Circulation report excellent tolerance

with no necrosis or delayed

g - Therapeutic healing.

enters the system
effectively, but only AFTER
saturating the wound.
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The ‘Silent’ Benefit: Microbiome Stewardship

Systemic IV Strategy Intra-Incisional Strategy
[A Dysbiosis} _
High risk of IR =Y @
.. C. difficile and i %QQ ﬁ g0 (%u S
" AMR selection. : %@ e@

/

‘ %ﬁb
=
x 5
Precision strike SO

spares the gut
microbiome.

Stewardship: This approach aligns with global AMR goals by
reducing total antibiotic volume and selective pressurg,......



Clinical Protocol: Intra-Incisional Infiltration

& - Choose a proven Cephalosporin (e.g.,
68/) 1. Selection Cefazolin, Cefotaxime, or Ceftriaxone).

0 . . .
. Dilute prophylactic dose (e.g., 1g) in 10ml
%@ 2. Preparation sterile distilled water or saline.

® 3. Timin Administer ~20 minutes prior to incision (after
; g induction).

rrrrr

f 4 Technique Infiltrate subcutaneously/intradermally along
o : the proposed incision line.

@ 5 Adjunct Use For high-risk cases, use as an adjunct to
@@ ; systemic therapy.
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Addressing Clinical Hesitations

(2> Does this replace systemic
f antibiotics?

For low-risk clean surgeries, yes.
For high-risk, it is a superior adjunct.

// Does adrenaline in local

(V anesthetic block absorption?

Even with vasoconstriction, local
concentrations remain thousands of
times higher than MIC.

f What about deep space
infections?

Systemic absorption (Bioavailability
~0.68) provides serum levels comparable
to IM injection, protecting distant sites.

}Oﬁ Is this only for Ceftriaxone?

No. Evidence confirms this is a
class-wide pharmacokinetic effect
applicable to other Cephalosporins.
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Global Health & Economic Implications

6% &+ LMIC Applicability:

Cost of Generic Ma)_(lingllzes efﬁqa%y of
| avallable generic drugs In
Cost of SSI Prophylaxis .
Etended Cefazolin/Cefotaxime resource-constrained

(Low Cost). settings.

~ A i AMR Stewardship:

Reducing reliance on
broad-spectrum ‘reserve’
antibiotics.

Hospital Stays,
Re-admissions,
Morbidity.

“Harmonizing guidelines would significantly reduce AMR.”



The Future is Precision Prophylaxis

1. Superior Efficacy: Tissue concentrations 10x—-40x higher than IV.

2. Theoretical Valldlty Applles to ANY proven Cephalosporln

3. Holistic Safety: Preserves the microbiome while ensuring
systemic coverage.

Evaluate current protocols to incorporate intra-incisional delivery as a standard of care.

& NotebooklLM



Key Literature & Evidence

. Singh A, et al. (2019). Comparative study of pre-operative intraincisional
infiltration... Int Surg J.

. Dogra BB, et al. (2013). A study comparing preoperative intra-incisional
antibiotic infiltration . .. A study compity of preoperative (intra-incisional
antibiotic infiltration ... Med J DY Patil Univ.

. Tsatsakis AM, et al. (1997). Comparative pharmacokinetics of ceftriaxone...
Eur J Pharm Sci.

. Pollock AV, et al. (1977). Single dose intra-incisional antibiotic prophylaxis...
Br J Surg.

. Dixon JM, et al. (1984). Randomized prospective trial... Surg Gynecol
Obstet.

. Bressolle F, et al. (1992). The dermis, potential route of drug administration.

& NotebooklLM



