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A B S T R A C T  

Child abuse, or non - accidental trauma (NAT), re sult ing in con comi tant he patic and in fe rior vena cava (IVC) 
in juries is ex ceed ingly rare. No cases of sur vival af ter phys i cal abuse giv ing rise to con cur rent he patic and IVC 
in juries have been re ported in the cur rent lit er a ture. This dis turb ing case de tails the pre sen ta tion and hos pi tal 
course of a 3 - year old male who sus tained grade V he patic in jury and dis rup tion of the IVC sec ondary to NAT. 
The pa tient was re ferred from an other hos pi tal for eval u a tion and man age ment of al tered men tal sta tus and 
evolv ing he mo dy namic in sta bil ity. Large vol ume fluid was dis cov ered on ab dom i nal ul tra sound, sug ges tive of 
he mo peri toneum. Sub se quent com pre hen sive trauma sur vey raised sus pi cion for phys i cal child abuse, and 
com puted to mog ra phy (CT) scan re vealed a grade V he patic in jury with com plex IVC dis rup tion. Mass trans fu - 
sion pro to col (MTP) was ac ti vated, and the pa tient un der went im me di ate dam age con trol la paro tomy. Co ag u - 
lopa thy, aci do sis, and hy pother mia were cor rected within 4 hours of surgery. Two sub se quent ab dom i nal ex - 
plo rations were per formed over the next 36 hours. De spite mas sive he m or rhage, dis sem i nated in travas cu lar 
co ag u lopa thy (DIC), and res pi ra tory fail ure, the pa tient sur vived and achieved com plete neu ro logic re cov ery. 
The Na tional Trauma Data Bank (NTDB) was queried for sim i lar he patic and caval in juries af ter child abuse, 
and only one pa tient was found who did not sur vive. 

1 . Introduction 

Child abuse is a per va sive so ci etal prob lem that of ten pre sents 
with de lay and oc cult, life - threatening in juries. One of the rarest and 
most life - threatening in jury pat terns is he patic lac er a tion com bined 
with IVC dis rup tion. 

2 . Case report 

A three - year old male was brought to an out side hos pi tal af ter re - 
port edly col laps ing at home and hav ing two seizures, which Emer - 
gency Med ical Ser vices wit nessed. Born healthy at term, the child had 
nor mal past med ical his tory and de vel op ment. At the other hos pi tal, 
the pa tient was re ported to be post - ictal but awake and in ter act ing 
ap pro pri ately. The pa tient was ac cepted as a Med ical Trans fer to our 
pe di atric ter tiary care cen ter. 

2. 1 . Emergency Department course 

Upon ar rival in the Emer gency De part ment at our pe di atric ter - 
tiary care cen ter, the pa tient was hy pother mic, with a blood pres sure 
of ap prox i mately 120/ 70  mm Hg and pulse of 120 beats per minute 
(bpm). He mo glo bin and hema t ocrit were 9.5 g/ dL and 30%, but the 
child had a se vere lac tic acidemia (pH of 7, lac tate 11 mmol/ L). 

Thirty min utes af ter his ar rival, the child be came hy poten sive and 
tachy cardic, with blood pres sure and heart rate of ap prox i mately 60/ 
30  mm Hg and 160 bpm, re spec tively. Sub se quent in tra venous (IV) 
bo lus of 2  L of nor mal saline did not raise the pa tien t's blood pres sure; 
an ep i neph rine drip was ini ti ated. Re peat blood gas demon strated de - 
clin ing hema t ocrit (17%) and nor mal iz ing pH. The pa tien t's acute hy - 
poten sion and newly dis tended ab domen prompted an im me di ate Fo - 
cused As sess ment with Sonog ra phy in Trauma (FAST) exam, which re - 
vealed large vol ume in traperi toneal fluid. Lab o ra tory find ings and he - 
mo dy namic la bil ity were in dica tive of hy po v olemic shock sec ondary 
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to sus pected in ter nal he m or rhage. At this time, the pa tient was con - 
verted from a Med ical Trans fer to a Level 1 Trauma. Co ag u la tion pro - 
file and he patic func tion tests later con firmed a con sump tive co ag u - 
lopa thy and liver in jury, yield ing In ter na tional Nor mal ized Ra tio of 
9.8 and Par tial Throm bo plas tin Time of 158.4 sec onds, with sig nif i - 
cantly el e vated AST (1617 U/ L) and ALT (994 U/ L). 

Mass trans fu sion pro to col (MTP) was ac ti vated, re sus ci tat ing the 
child with fresh frozen plasma (FFP), packed red blood cells (pRBCs), 
and platelets (PLTs). The Pe di atric Trauma Ser vice was called im me - 
di ately for fur ther eval u a tion and man age ment. 

In the re sus ci ta tion/ trauma bay, the pa tient re ceived 2 units of 
trauma - designated blood and was pre - treated with ke t a mine and 
rocuro nium pre ced ing in tu ba tion. The pa tien t's blood pres sure sta bi - 
lized at 121/ 105  mm Hg, but he re mained tachy cardic and tachyp neic 
with an oxy gen sat u ra tion of 94% and tem per a ture 97.7  °F. Pri mary 
trauma sur vey re vealed blood in the orophar ynx and na sophar ynx, pe - 
techiae on the but tocks, scat tered heal ing bruises on the ex trem i ties, 
and Glas gow Coma Score (GCS) of 6 with im paired pupil lary light re - 
flex on the right. No ob vi ous signs of ex ter nal ab dom i nal trauma were 
de tected, but the pa tien t's ab domen was now firm and dis tended. 

Com puted to mog ra phy (CT) of the head was un re veal ing. CT of 
the ab domen and pelvis vi su al ized mul ti ple liver lac er a tions, in clud - 
ing a large in tra hep atic lac er a tion of the right lobe which ex tended to 
the supra hep atic IVC ( Fig. 1 A and B). In ad di tion to ev i dence of mas - 
sive he mo peri toneum and shock bowel, CT demon strated a heal ing 
left clav ic u lar frac ture and heal ing bi lat eral frac tures of ribs five 
through seven. Dif fuse, bi lat eral ground glass opac i ties con sis tent with 
Acute Res pi ra tory Dis tress Syn drome (ARDS) were ap pre ci ated fur ther 
on CT. 

The pa tient was ad mit ted tem porar ily to the Pe di atric In ten sive 
Care Unit (PICU) for bet ter re sus ci ta tion in the con text of abu sive, 
blunt - force ab dom i nal trauma yield ing com plex he patic and IVC lac - 
er a tions. Blood prod ucts ad min is tered pre - operatively in the PICU in - 
cluded 1 unit of pRBCs and 1 unit of FFP. 

Fig. 1 . A - D. (A, B) Com puted to mog ra phy at pre sen ta tion shows dis rup tion of 
the he patic vein con flu ence with the in fe rior vena cava (ar row heads). Note 
ex ten sive he mo peri toneum and retroperi toneal hematoma. (C) In tra op er a tive 
pho to graph at time of de fin i tive ab dom i nal clo sure ~36 hours af ter ad mis - 
sion. Ar row head de notes lac er a tion along line of Cantlie. Fi nal pack ing with 
dense ox i dized re gen er ated cel lu lose. (D) Ul tra sound one week af ter ab dom i - 
nal clo sure shows pa tency of he patic vein con flu ence with in fe rior vena cava 
and no ex trava sa tion. 

2. 2 . Damage control laparotomy 

Af ter re ceiv ing vol ume re sus ci ta tion, the child was taken emer - 
gently to the op er at ing room (OR) for dam age con trol la paro tomy and 
place ment of cen tral ve nous ac cess. Upon open ing the ab domen, it 
was con firmed that the child was ac tively and rapidly bleed ing into 
the peri toneum with out any ev i dence of clot ting. La paro tomy sponges 
were packed into all four quad rants to slow in traperi toneal he m or - 
rhage, then re moved one at a time, start ing se quen tially with the 
lower quad rants, fol lowed by the left up per quad rant. Bleed ing from 
the pelvis, gas troin testi nal tract, and spleen was ex cluded, and no 
signs of mesen teric or bowel is chemia were ap pre ci ated. A large an te - 
rior liver lac er a tion was vi su al ized, al though this site was bleed ing 
min i mally. At tempts to re move pack ing from the right up per quad rant 
(RUQ) were foiled by pro fuse bleed ing from su pe rior/ pos te rior liver 
lac er a tion, which could not be vi su al ized clearly. Ex ten sion of the in - 
ci sion and at tempted vi su al iza tion of the supra hep atic IVC was de - 
ferred due to con tin ued he m or rhage caus ing poor vi su al iza tion and 
he mo dy namic in sta bil ity of the pa tient. The he m or rhage from the 
RUQ was rel a tively con trolled with pack ing, but the pa tient was be - 
com ing in creas ingly hy poten sive, co ag u lo pathic, hy pother mic, and 
aci dotic. The de ci sion was made to leave thir teen sponges packed 
around the liver, place an Abthera wound vac con nected to suc tion, 
and leave the ab domen open un til the pa tient could be sta bi lized for 
sec ond - look surgery. Es ti mated blood loss (EBL) for the op er a tion was 
2000 mL and the pa tient was trans fused 6 units of pRBCs, 3 units of 
FFP and 1 unit of su per packed PLTs. 

The pa tient was re turned to the PICU, where co ag u lopa thy, aci do - 
sis, and hy pother mia were cor rected within 4  h of surgery. Re sus ci ta - 
tive in ter ven tions over the next 15  h in cluded trans fu sion of 10 units 
of pRBCs, 6 units of FFP, 3 units of PLTs, 1 packet of cry o pre cip i tate, 
mul ti ple bo luses of nor mal saline, IV Vi t a min K, and in otropic and va - 
so pres sor sup port with ep i neph rine drip. The pa tient was ob served to 
have mul ti ple my oclonic move ments and was ini tially un re spon sive in 
the PICU, but his level of con scious ness im proved through out the day, 
even tu ally re quir ing se da tion. 

2. 3 . Re - exploration 

Ap prox i mately 15  h af ter dam age con trol la paro tomy, the pa tient 
re turned to the OR for planned ab dom i nal washout, repack ing, and 
wound - vac change. The re main ing thir teen la paro tomy sponges in the 
RUQ were soaked with saline and re moved slowly and cau tiously 
from around the liver. How ever, gen tle trac tion on the liver led to 
bleed ing, which ap peared to be orig i nat ing from the su pe rior por tion, 
as ob served in ini tial dam age con trol la paro tomy. Bleed ing was con - 
trolled by im me di ate ap pli ca tion of di rect pres sure and repack ing 
with Fib ril lar, Sur gi cel, and sponges around the liver. The pa tien t's 
wound vac was re placed at this time. In tra op er a tively, he re quired 2 
units of pRBCs, 1 unit of FFP, 1 unit of PLTs, 1 packet of cry o pre cip i - 
tate, 900mL of crys tal loid flu ids, and in ter mit tent ep i neph rine drip. 
His bowel ap peared well - perfused through out. 

The child was trans ported to the PICU with plans to re turn to the 
OR the fol low ing day. Over the course of the next 24  h, he re quired 
con tin ued ep i neph rine sup port and re ceived ad di tional IV crys tal loid 
flu ids, 3 units of FFP, and 2 units of PLTs. 

2. 4 . Third exploratory laparotomy 

Af ter 17  h, the pa tient was re turned to the OR where la paro tomy 
sponges were re moved with out con cur rent bleed ing. Dur ing this last 
op er a tion, the thir teen la paro tomy sponges were re moved care fully, 
one by one, un til the last one re main ing was up over seg ment eight of 
the liver. This fi nal la paro tomy sponge was re moved gen tly and with 
great care so as not to dis turb the ox i dized cel lu lose be tween the 
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sponge and the IVC. Fur ther pack ing was ap plied around the IVC and 
the su pe rior as pect of the liver ( Fig. 1 C). 

Re pair of the supra hep atic IVC was not per formed be cause no ev i - 
dence of on go ing bleed ing was en coun tered. Vi su al iza tion and re pair 
of this pa tien t's retro hep atic in jury would have re quired mo bi liza tion 
of the en tire liver, pos si bly en ter ing the chest, and may have re quired 
ex tra cor po real by pass to re pair. No ev i dence of he patic con ges tion or 
im paired ve nous re turn was ev i dent. The risks of mo bi liz ing the heal - 
ing liver with con trolled bleed ing at this point seemed to out weigh 
the po ten tial ben e fits of pur su ing supra hep atic con trol of the IVC; 
there fore, the de ci sion was made to pre serve the clot ting that had al - 
ready oc curred by pro ceed ing with de fin i tive ab dom i nal clo sure. He - 
mo dy namic sta bil ity and he mo sta sis were con firmed be fore the ab - 
domen was ir ri gated with warm saline and closed with out ten sion or 
wound vac re place ment. Pri mary fas cial clo sure was achieved. The 
pa tient had min i mal blood loss dur ing this op er a tion and main tained 
he mo dy namic sta bil ity through out. 

2. 5 . Post - operative course and outcomes 

Af ter surgery, the pa tient re turned to the PICU where he re quired 
con tin ued ven ti la tory sup port and ep i neph rine drip for ap prox i mately 
24 hours. Chest x - ray in di cat ing right pleural ef fu sion and fluid war - 
ranted gen tle di ure sis with furosemide to pre vent fur ther res pi ra tory 
fail ure sec ondary to he m or rhagic shock. Over the course of the day, 
the child was tol er at ing con tin u ous pos i tive air way pres sure with 
pres sure sup port (CPAP/ PS) tri als and was able to be switched to 
nasal can ula. 

Ap prox i mately 48 hours af ter surgery, mag netic res o nance imag - 
ing (MRI) of the brain showed a small in farct of the right pari etal 
lobe. Ab dom i nal dis ten sion in creased and caused a de cline in re nal 
func tion and res pi ra tory sta tus. Ul tra sound per formed four days af ter 
fi nal ab dom i nal clo sure re vealed a patent IVC and large vol ume as - 
cites ( Fig. 1 D). The child's dis ten tion and res pi ra tory sta tus im proved 
with para cen te sis, which re moved 1.6 L of serosan guinous fluid and 
led to marked im prove ment in the pa tien t's re nal func tion and res pi ra - 
tory sta tus. The pa tient re quired in ter mit tent ep i neph rine sup port for 
three days fol low ing ab dom i nal clo sure. 

Neu ro log i cally, the pa tient ex hib ited com mu ni ca tion vul ner a bil ity 
and im pair ment along with min i mal use of ex pres sive lan guage. Im - 
prove ment in each of these deficits pro gressed upon re - evaluation of 
the pa tient the three days later. The pa tient was dis charged from the 
hos pi tal two weeks af ter ini tial pre sen ta tion and was found to have 
made a full neu ro logic re cov ery at one - month fol low - up. At this ap - 
point ment, the pa tient had no signs of scle ral icterus or jaun dice and 
was re ported to be eat ing and hav ing pig mented stools daily. 

3 . Discussion 

Grade V liver in juries are ex cep tion ally rare in pe di atric blunt 
NAT. These in juries are of ten as so ci ated with high - speed de cel er a tion 
from other mech a nisms and are not com monly en coun tered fol low ing 
blunt ab dom i nal trauma in chil dren. The life - threatening na ture of the 
in jury and highly time - sensitive na ture of sur gi cal man age ment make 
this in jury chal leng ing to treat. An in sid i ous, de layed pre sen ta tion of 
a Grade V liver in jury made early de tec tion and in ter ven tion more 
chal leng ing in this case. Fa vor able out come was even less likely in 
this case be cause he patic in jury was not ini tially sus pected or ev i dent 
at the out side hos pi tal from which the child was trans ferred. Even at a 
com pre hen sive Level 1 Pe di atric Trauma Cen ter, the odds were 
stacked against his sur vival. 

Our in sti tu tion is an Amer i can Col lege of Sur geons (ACS) - verified 
Level 1 Pe di atric Trauma Cen ter, with twenty - four - hour cov er age by 
pe di atric sur geons and ex pe di ent avail abil ity of sur gi cal sub spe cial ists 
[ 2 ]. In ad di tion to hav ing a pe di atric sur geon on - call 24  h per day, 

this in sti tu tion also has a ded i cated pe di atric trauma team. The fac - 
tors that ul ti mately led to the suc cess ful re sus ci ta tion and sur gi cal 
man age ment of this pa tient in clude but are not lim ited to OR avail - 
abil ity, es tab lished pe di atric MTP, and in sti tu tional solid or gan in jury 
pro to cols. The in sti tu tion's ev i dence - based solid or gan in jury pro to - 
cols are based off of rec om men da tions from the Amer i can Pe di atric 
Sur gi cal As so ci a tion (APSA) and in clude spe cific liver in jury pro to - 
cols. 

The steps taken in the first twenty - four to 48  h to al low this child 
to over come his life - threating in jury be gan with the ex cep tional clin i - 
cal in stincts and im me di ate ac tion of the emer gency med i cine physi - 
cians who ini ti ated his care. When the pa tient ar rived hy pother mic 
and sub se quently be came hy poten sive, no time was wasted in ini ti at - 
ing re sus ci ta tive and di ag nos tic ef forts, be gin ning with a FAST exam. 
Once in traperi toneal fluid was vi su al ized on FAST exam, im me di ate 
con ver sion to Level 1 Pe di atric Trauma ap pro pri ately el e vated the re - 
sources and per son nel ded i cated to the care of this pa tient. Ad di tion - 
ally, the weight based MTP in place at this in sti tu tion was ac ti vated 
with out de lay. 

The pe di atric sur geon on - call with the pe di atric trauma team took 
the pa tient to the OR im me di ately. Not only was the short time to the 
OR an im por tant fac tor in sta bi liz ing the pa tient, but the dam age con - 
trol ap proach taken in the op er at ing room ul ti mately saved his life. 
One study cited a 51.3% mor tal ity rate among adult pa tients with 
Grade IV/ V liver in jury un der go ing early dam age con trol la paro tomy 
with per i hep atic pack ing [ 3 ]. As com pared to the 67 – 80% [ 4 – 12 ] 
mor tal ity rates cited in lit er a ture for op er a tive man age ment of the 
same in jury, dam age con trol la paro tomy has been widely - accepted as 
the su pe rior sur gi cal ap proach for Grade V liver in jury with exsan - 
guina tion from the IVC. Fac tors pre dic tive of mor tal ity in the adult 
pa tient pop u la tion in clude lower GCS score, lower sys tolic blood pres - 
sure, lower pH, higher re vised trauma score (RTS), and time from 
scene to ICU ad mis sion. The as so ci a tion be tween shorter time from 
ER to OR and lower mor tal ity ap proaches sta tis ti cal sig nif i cance 
(p  =  0.08) and likely would have demon strated sta tis ti cal sig nif i - 
cance had the sam ple size been larger [ 3 ]. 

Ul ti mately, it was the seam less co op er a tion of skilled in ter dis ci pli - 
nary teams that al lowed for the suc cess of these life - saving mea sures. 
Pe di atric Emer gency Med i cine, Pe di atric Trauma Surgery, Pe di atric 
Anes the sia, and Pe di atric Crit i cal Care teams ex em pli fied the value of 
ex pe di ent, but pre cise com mu ni ca tion and dy namic en gage ment 
within an es tab lished trauma - response sys tem. These teams pri or i tized 
fast and ef fec tive re sus ci ta tion in prepa ra tion for dam age - control sur - 
gi cal ap proach and longer - term sta bi liza tion at the ICU level. 

Hav ing the ap pro pri ate re sources, pro to cols, and in ter dis ci pli nary 
teams in place to care for a crit i cally ill child overnight al lowed this 
child to sur vive against all odds with ex cep tional out come. De spite 
mas sive he m or rhage and an ini tial GCS of 6, the pa tient achieved out - 
stand ing neu ro logic out come. Even with ex treme hy po v olemic shock 
and co ag u lopa thy, the child's bow els re mained ad e quately per fused 
through out and his ARDS re solved in time, al low ing for him to be ex - 
tu bated. This child's grave con di tion called for seam less team work 
and col lab o ra tion within this med ical com mu nity. All pos si ble re - 
sources were ex hausted in the uni fied mis sion to keep this young pa - 
tient alive. He has proven through his re mark able out come that every 
ef fort should be made to con trol in traperi toneal he m or rhage from 
Grade V liver in jury in a child. 

To un der stand the fre quency and as so ci ated mor tal ity with this 
con stel la tion of he patic and caval in juries af ter child abuse, we chose 
to query the NTDB [1] . This na tional and com pre hen sive trauma data - 
base archived 22,489 in ci dences of child abuse in pa tients <19 years 
of age from 2010 to 2017, among whom 326 had liver in juries and a 
4.9% mor tal ity rate. Only one child was reg is tered in the NTDB who 
sus tained con cur rent he patic and IVC in juries. She did not sur vive. 
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4 . Conclusion 

Child abuse re sult ing in con comi tant he patic and IVC in juries is 
ex ceed ingly rare. Ex cel lent car diopul monary and neu ro logic out come 
is pos si ble in a pe di atric pa tient in hy po v olemic shock com pli cated by 
DIC and ARDS sec ondary to blunt NAT to the ab domen. Dam age con - 
trol in ter ven tions and re sus ci ta tion pro to cols are in di cated to achieve 
best sur vival with fa vor able neu ro logic out come. 
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