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Abstract Results

Introduction: The leading cause of death in military casualties is hemorrhage and most of these deaths occur prior to arrival at a medical treatment facility. Previously,

we used a swine polytrauma model consisting of lung contusion, laparotomy, liver laceration, and 24 ml/kg controlled hemorrhage to test treatments to improve 100% 90 40

coagulopathy, inflammation, and organ function over the first ~14 h after injury. Coagulopathy, inflammation, and organ damage were mild, despite 55% mortality, ¥ 80 35 |

leaving little room for improvement by treatment. The spleen is involved in compensation (and maybe decompensation) in swine, as it is a large reservoir (and potential 80% E 70 - [elololololosoedse 38"% ’% *

sink) of unstressed (i.e. non-hemodynamically active) blood volume and cells. We hypothesized that splenectomy prior to polytrauma might give our model greater 2 60 i — & I 1T

organ damage and coagulopathy, with less mortality due to decompensation. Methods: We compared mortality, coagulopathy, hemodynamics, and inflammatory g 60% 2 59 lf_} 25 * $ I 4+ I I I T 7T
mediators (organ damage to follow) in a pilot study of swine polytrauma with splenectomy (SPL group; N = 9) to historical control data (CONT; N = 11). Results: Total g = 20 é 20 I } . Sl
blood removal, including blood drained from the excised spleen, was 30 ml/kg in SPL group, compared to 27 ml/kg in the CONT group. Despite this increase, mortality v 40% b % 15 ok

In the SPL group was reduced to 11% (p=0.04 vs CONT). Liver re-bleeding was unchanged. Though equivalent by the end of shock, SPL subjects elevated heart rates —_spL % 30 :uEEJ 10

faster in response to hemorrhage than CONT. SPL subjects maintained a higher mean arterial pressure (MAP) than CONT subjects from end of shock through 5 h post- 20% CONT 3 20 1 —o—SPL —e—SPL
Injury, though diastolic pressure (reflective of vascular compensation) stayed elevated compared to CONT through 11 h post-injury. In contrast, surviving CONT e 10 1 CONT > CONT
subjects maintained their MAP by increasing pulse pressure, suggesting greater cardiac effort. Resuscitation was completed in <1 h in the CONT group, whereas at 5.5 h 0% e L B e e B B A E m ©—5 ' 8

resuscitation was still only 90% complete on average in the SPL group. Hematocrit increased in the CONT group during the shock period, plummeted during 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 -1 01 2 3 4 5 6 7 8 9101112131415 .1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
resuscitation (likely the cause of a transient spike in cardiac output), recovered quickly afterwards as fluid extravasated, then gradually dropped off with Time (h) Time (h) Time (h)

decompensation. In contrast, there was only a gradual decrease in hematocrit in the SPL group and no spike in cardiac output. Inflammatory mediators were elevated by N

the end of shock in SPL versus CONT (significantly for GM-CSF, IFN-gamma, IL-1a, IL-2, IL-4, IL-6, IL-10, and TNF-alpha). After the start of resuscitation, however, Figure 1 Effects of splenectomy on survival vs. time. Start of shock at T = 0 h. Start of Figure 3 Resuscitation volume (A), hematocrit (B) -

these levels dropped and were significantly lower than CONT by 14 h post-injury for IL-1a, IL-1ra, IL-2, and IL-4. Conclusions: Our preliminary findings suggest that resuscitation at T = 1.5 h. Total blood removal, including blood drained from the excised an%l cardiac output (C) vs. time (A’) By T=5h onlgl

splenectomized swine are better able to hemodynamically compensate from polytrauma and may therefore be better suited for studies targeting late events in shock. spleen, was 30 ml/kg in SPL group, compared to 27 ml/kg in the CONT group. Despite this 1/3rd of SPL subjects had reached their maximum

increase, mortality in the SPL group was reduced to 11% (p=0.04 vs CONT) Liver re-bleeding

was similar between groups (7.9=3.3 mi/kg in SPL, 8.1%3.0 ml/kg in CONT: NS). resuscitation, compared to all of the CONT subjects

within 1 h of starting resuscitation. (B) Hematocrit was
higher in SPL than CONT at the start of hemorrhage
(likely due to handling of the spleen during removal), but
their positions reversed by the end of hemorrhage as the

 Hemorrhage and its sequelae are the leading cause of death in military casualties with most of these CONT spleen was able to discharge its stored red blood
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deaths occurring prior to arrival at a medical treatment facility (1). 7 . : :(‘jl'I'Z-Wﬁﬁjtt‘r‘]’e”:tfrtvszeds32;‘;33;‘23 et 5’2;35 1012 3456 7 8 9 101112 13 14 15
 Death due to hemorrhage typically occurs by 3 mechanisms: uncontrolled hemorrhage (immediate), : %Eﬁ accepted all of its allowed LR in that short span of time. Time (h)
- - £ 401 117 The lack of improvement in pressure suggests the volume was all hemodynamically inactive “unstressed volume” (i.e. the spleen
decgmpe_nsa_tlon (e_arly), and organ fa_llure (Iate). _ o sV S0 A }J I I likely filled back up rather than resisting the influx). However the crystalloid would have reduced plasma oncotic pressure,
e Whileitis S|mp|e N a |aborat()ry setting to control the degree of hem()rrhage, It can be difficult to %20 T L < 20 f¥ ol causing fluid to leak out through capillaries, hence the subsequent rise in hematocrit. (C) Cardiac output was similar between the
- - - - g 10 CONT 2 10 CONT t , t at the ti Int after the start of itati hen it higher in the CONT . This likely reflect
separate decompensation from organ failure. Though we have observed in both trauma/hemorrhagic B P T Ve P dvgc?rg;(s):c?spIZ;(r%eapv?sco;t;rpoevfeorlirr]\gare:irstare\csei:) fow, o O S T
shock (T/HS) and splanchnic arterial occlusion shock models that increased organ damage Is not Time (n) Time (h) 1 Cutok
i i ; : - 80 300 able tokines
required for death by decompensation (2,3), the mechanisms responsible for both may be occurring 2 70 T | ’ SMLCSE NG L
simultaneously. Therefore, a hypovolemia severe enough to trigger a given organ or system S o **T M” " B Foo f2 ﬁﬂhm T N _CONT____seL__| CONT s | CONT _ __soL_

. - - - . g 4 7 ¥ 150 nd Shoc -0.006 = 0. 018 £0.005* 2.15*1. 49 £ 1.52* .001 0. .012 + 0.005*
dysfunction may also result in unacceptable losses due to decompensation. This can be a major 5 jveq J AT 1 TJTﬁHLH ﬁ : B Jiu Tl ﬂw After Start of Resuscitation 0.001+0.054 002140009 563+691 459£233 | -0.005%0022  0.008 +0.009
challenge during intervention studies. For example, we previously used a swine polytrauma model ikt 4 R N B, Final oS0 x0OL2 DOI0x002L 1226y 2202350 | DOLL000T -0.004 £ 00087
consisting of lung contusion, laparotomy, liver laceration, and 24 ml/kg controlled hemorrhage to test .l s It o 2 o L o
treatments to improve coagulopathy, inflammation, and organ function over the first ~14 h after injury. Time (1) Time () End Shock 858923  1815+8.78 | 0004010 011+0.04* | -017+039  0.12+0.11*
Coagulopathy, inflammation, and organ damage were mild, despite 55% mortality, leaving little room Figure 2. Effects of splenectomy on blood pressure and heart rate vs. time (A: mean, B: o | T e | otasoms oonsioior | Domrose  oioioe

g pathy J J P y J diastolic, C: pulse pressure, D: heart rate). SPL subjects maintained a higher MAP for ~5 Final 02331550 1195£13667 [ 0.18£003 -0.06£0.10 0.08:£0.03 009=0.10
fOI’ Improvement by treatment. hours (the later improvement in CONT MAP was due in part to the death and subsequent L6 IL-10 TNFa
* The spleen is a major organ of blood volume reserve. It contracts during hypovolemia to maintain exclusion of subjects with lower pressures). However, diastolic pressure (reflective of vascular CONT SPL CONT SPL CONT SPL
. ] ] ) compensation) stayed elevated compared to CONT through 11 h post-injury. In contrast, End Shock 0.15 + 0.15 027+007* | 005+024 0.22+ 0.04* 0.02 % 0.04 0.06 + 0.02*
Venous return to t_he heart._As such, It also has the_potentlal to be a key organ during decompensation, Zl:;mnci r%z?gf?ggjeﬁz LrI]garilnetgLril\e;glter;](iiL mﬁ\ePebn)é igf:ﬁgssiﬂgcpkulloseeri%rgsgL;)rE,Ssuub%ggfstiglgevated After Start of Resuscitation 0235004 0334008 |-0035031 016012 | 0065010 006+ 0.03
as Tatlure to r.emam constricted there (.:OUId resultin a IOSS. o ve_nous return and blood pressure. heart rates faster in résponse to hemorrhage than CONT. This may be w’hy they completed :/I;I{illes shown are change from bas(;.l?i);ei zlzlounits a?éﬁj/ri?End :Hzilf izllle 12216 :?uf: Start%: ORis%isitation?goiizth
« We hypOthESIZGd that Splenectomy prlor 10 pOIytrauma mlght gIVG our mOdel greater Organ damage hemorrhage faster (66 vs. 2819 min, p=0.004, not shown). for SPL and 2.5 h for CONT. Final is T.: 14 h for SPL and i4.5 h for CONT. I\/I.easijred but not shown (no significant
and coagulopathy, with less mortality due to decompensation. differences) were IL-1b, 1L-8, 1L-12, and IL-18.

Discussion

Objective

Splenectomy had a powerful effect on the compensatory response to hemorrhage, as shown by increased heart rate and blood pressure in the shock period, but an

Our objective was to determine the effects of splenectomy compared to historical control data on even more important effect during resuscitation. Subjects with spleens needed fluids earlier and rapidly accepted the fluid without appreciable benefit. The rise in

mortality, coagulopathy, hemodynamics, and inflammatory mediators in a swine polytrauma model. hematocrit suggests much of that fluid then exited as potentially harmful edema. These subjects then continued to decompensate, resulting in over 50% mortality. In
comparison, splenectomized subjects had significantly lower mortality and, though they needed fluid, fluid appeared more beneficial, maintaining a higher diastolic
and mean arterial pressure, reducing the rate at which fluids were required. This supports the

Methods role of the spleen as an important organ for decompensation. Splenectomy also had effects
_ _ _ _ _ _ _ on the inflammatory profile and on coagulopathy (splenectomy improved clotting time

Anesthetized and mechanically ventllategl male, Yorkshire swine (A_fO =+ 5 kg) were mstrumented for contlnuou_s and strength: not shown), though not on re-bleed from the liver. These effects may also (1) Eastridge BJ, et al. Death on the battlefield (2001-2011): ImplicatioOns for the future of

measurement of blood pressure and cardiac output. They were subjected to laparotomy with (SPL, N = 9) or without need to be considered when planning studies. g;’rgggtlcjgl;a“y care. The journal of trauma and acute care surgery. 2012; 73(6 Suppl

(CONT, N = 11) splenectomy, blunt injury (lung contusion), liver laceration (~3 ml/kg uncontrolled hemorrhage), and (2) Penn AH, Schmid-Schénbein GW: Severe intestinal ischemia can trigger cardiovascular

collapse and sudden death via a parasympathetic mechanism. Shock. 2011; 36(3):251-262.

controlled hemorrhage (24 ml/kg). For the controlled hemorrhage, blood was drawn until mean arterial pressure (MAP) _ | | _ _ _

reached 30 mmHg (T=0 h). MAP was kept there by intermittent withdrawal until the full volume was drawn. At T=1.5 (9)Penn A et &, = g}tﬁeanifrfﬁ;;fﬁt:ﬁoi'f‘;T;'S”tgﬁﬂfgzer;'g;'dﬂc;,r;z't'gjcg flud equirements
h, swine were resuscitated with up to 3x shed volume of LR over 1 h and observed for an additional 12.5-13 h. Due to a ) ) ) 2019 epub ahead of print. -
change in the protocol, time points and blood samples are offset after the start of resuscitation by ~0.5 h between the two This data Supports our claim that the Spleen potentlates

groups (we compare CONT data to the following SPL time point). Blood was sampled regularly for blood gases, deCOmpenSa’[ion and therefore that studies with ear|y morta“ty or Disclaimers and Support

hematocrit, cytokines, markers of tissue damage, complete blood cell count, and thromboelastography. Tissues were : : : The views expressed do not reflect the official views or policy of the DoD of its Components.
fixed post-mortem and will be examined for histological damage by a trained, blinded pathologist. deco_mpe_nsatlon as outcomes should !eave the spleen n, Whlle_ Experiments were conducted according to the principles set forth in the NIH Guide for the Care
Data expressed as mean =+ SD. * p<0.05. NS = not significant studies aimed at subsequent dysfunction may wish to remove It. et Programiaint Program Commiteeb e ACLOT 365 Supported by befense
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