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Male, 47-year-old

Acute renal injury e bilateral pneumothorax ¢ fractures of many bones ¢ hemorrhagic shock
multi-organ trauma

Bilateral pneumothorax ¢ hemorrhagic shock ¢ multi-organ failure

Critical Care Medicine

Congenital defects/diseases

There are very few reports in the literature worldwide on how to deliver continuous renal replacement thera-
py (CRRT) to patients with multi-organ trauma and severe hemophilia A. The aim of this case report is to de-
scribe successful multidisciplinary, intensive treatment of a patient with multi-organ trauma suffering from se-
vere hemophilia A with the use of continuous veno-venous hemodialysis with regional citrate anticoagulation
(Ci-Ca CVVHD).

We report a case of a 47-year-old man with severe hemophilia A, who had multi-organ trauma as a result of a
serious traffic accident and was admitted to the Trauma Centre of Emergency and Disaster Medicine in Krakow,
Poland in critical condition. Due to elevated laboratory markers of kidney damage (creatinine 204 mmol/I, glo-
merular filtration rate (GFR) 32 ml/min/1.73 m?), very high myoglobin level (>1000 p/l) associated with rhab-
domyolysis, oliguria (diuresis <0.5 ml/kg/h), and overhydration as a consequence of massive transfusion of
blood products and fluids, on day 2 after the injury Ci-Ca CVVHD was initiated as a part of intensive, multi-
disciplinary treatment. This approach proved to be successful in our patient as he was discharged from the
Intensive Care Unit on day 45 after the injury in good general condition, with stable circulatory and respirato-
ry system, without any apparent neurological deficits, and with good renal function (creatinine 50 mmol/|, GFR
>60 ml/min/1.73 m?).

Our case report shows that intensive, multidisciplinary treatment with implementation of Ci-Ca CVVHD may be
an effective and safe method of care for patients with multi-organ trauma and hemophilia A.

Barotrauma e Continuous Renal Replacement Therapy ¢ Critical Care

https://www.amjcaserep.com/abstract/index/idArt/934802
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Background
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Case Report

Continuous renal replacement therapy (CRRT) is a very useful
method of dialysis, because of its unique characteristics com-
pared with intermittent hemodialysis, which include excellent
ability to precisely control fluid status and steady acid—base
and electrolyte correction. CRRT provides slow and relative-
ly gentle treatment, and it is indicated especially in hemody-
namically unstable patients [1-3].

In the available medical literature, there are only a few reports
referring to implementation of CRRT in patients with multi-or-
gan trauma and hemophilia A [4]. CRRT in patients with hemo-
philia A is challenging for many reasons. The major problems
include high risk of complications, both during establishing
vascular access and during the therapy. Placement of central
vascular catheters in patients with hemophilia is associated
with high risk of bleeding. It is also challenging to prevent cir-
cle clotting during CRRT on the one hand, and avoid bleeding
of the patient on the other hand. Another critically important
issue is how to properly supplement factor VI in such pa-
tients taking into consideration possible losses into dialysate.

This case report presents successful multidisciplinary, inten-
sive treatment of a patient with multi-organ trauma suffering
from severe hemophilia A with implementation of continuous
veno-venous hemodialysis with regional citrate anticoagula-
tion (Ci-Ca CVVHD).

A 47-year-old man with severe hemophilia A had multi-organ
trauma as a result of a serious traffic accident. The patient
was brought to the Trauma Centre of Emergency and Disaster
Medicine in Krakow with symptoms of a hemorrhagic shock
(hemoglobin level in the first measurement was 2.6 g/dL) and
exacerbating symptoms of bilateral pneumothorax. After ad-
mission to the Emergency Department (ED), vital functions of
the patient were secured (endotracheal intubation, mechani-
cal ventilation, infusion of fluids and catecholamines), bilater-
al pneumothorax drainage was inserted, and emergency trans-
fusions of packed red blood cells (PRBC) type O negative, fresh
frozen plasma (FFP) type AB, fibrinogen and factor VIII were
performed. Immediately after that, the patient received a CT
scan, which showed severe chest trauma with multiple, bilat-
eral rib fractures, contusion of both lungs, bilateral pneumo-
and hemothorax and pneumomediastinum, fractures of the pel-
vis, an open fracture of the right thigh, and closed fractures of
the right arm, right lower leg and metatarsal bones (Figure 1).

Due to the need to surgically stabilize the open fracture of the
right thigh and to control the bleeding, the patient was im-
mediately transported to the operating theater. Once the frac-
ture was externally fixated, the patient was transferred to the
Intensive Care Unit (ICU), where further treatment aimed at
stabilization of vital functions and correction of the hemostat-
ic disturbances was continued. Initially, the patient required

Figure 1. CT scans of first examination: yellow arrows — well-defined consolidation might correspond to the contusion of the lungs;
red arrows — drains; green arrow — pneumothorax; blue arrow - broken ribs.
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Figure 2. Control CT scans (on day 3): yellow arrows — consolidations might correspond to a contusion of the lungs; orange
arrows — heart enlarged in the transverse dimension; blue arrow — broken ribs; purple arrow — fluid in the abdominal cavity.

ventilation with high oxygen concentrations (fi02 0.7-0.8), in-
fusion of high doses of norepinephrine, and transfusion of fur-
ther units of factor VIII, PRBC, FFP, platelet concentrates (PC),
and fibrinogen.

Findings of the CT performed on admission to the ICU included:
a massive contusion of both lungs, normal echocardiographic
image of the left heart with the ejection fraction (EF) of 55%,
while the image of the right heart showed dilatation and over-
load with mildly elevated pulmonary artery pressure, moder-
ate tricuspid insufficiency, and a 30-mm-wide inferior vena
cava. Due to elevated laboratory markers of kidney damage
(creatinine 204 mmol/|, glomerular filtration rate (GFR) 32 ml/
min/1.73 m?), very high myoglobin level (>1000 p/l) associat-
ed with rhabdomyolysis, oliguria (diuresis <0.5 ml/kg/h), over-
hydration as a consequence of massive transfusion of blood
products and fluids, further need for transfusion of PRBC, FFP,
PC, fibrinogen, and factor VIl to ensure hemostasis, and need
for enteral and parenteral nutrition in the subsequent days, on
day 2 after the injury, renal replacement therapy was initiat-
ed in the form of continuous veno-venous hemodialysis with
regional citrate anticoagulation (Ci-Ca CVVHD). The initial set-
tings of CVVHD parameters were: blood flow 120 ml/h, dialy-
sate flow 2000 ml/h, and ultrafiltration 150 ml/h.

On day 3, the patient’s exacerbating symptoms of hemody-
namic instability prompted us to increase the norepinephrine
dosage. Echocardiography findings included acute tricuspid
valve dysfunction with fourth-degree regurgitation and a de-
tached fragment of the papillary muscle, further increase in
the size of the right ventricle and the right atrium, presence
of regurgitation in the pulmonary trunk, and progressive en-
largement of the inferior vena cava. The patient was consult-
ed by cardiac surgeons, who decided that a surgical interven-
tion using cardiopulmonary by-pass was unadvisable at the
moment due to the serious condition of the patient (Figure 2).
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On subsequent days the treatment was continued. Due to the
need for prolonged ventilation, after the preparation of the pa-
tient and obtaining optimal coagulation parameters, percuta-
neous tracheotomy using the Griggs method was performed.
Additionally, starting on day 9, a progressive increase in bili-
rubin and liver enzyme levels was observed. Subsequent im-
aging studies (ultrasound and CT) of the abdomen showed
an enlarged liver, most probably due to pathological chang-
es secondary to heart failure. Over the next several days, the
patient’s condition stabilized, which made it possible to re-
duce the oxygen concentrations and the dose of norepineph-
rine. Drains were also removed from the pleural cavities.
Additionally, the previously elevated liver parameters and in-
flammatory markers gradually declined. Due to the normal-
ization of kidney parameters (creatinine 50 mmol/l), satisfac-
tory diuresis, and stabilization of echocardiographic findings,
CVVHD was discontinued after 14 days. The improvement in
the patient’s general condition made it possible to surgically
stabilize the fractures. The patient was consulted again by a
team of cardiac surgeons and qualified for tricuspid valve re-
construction surgery, optimally after stabilization of respira-
tory and hematological status.

In subsequent days, the dosage of sedatives was gradually re-
duced, and on day 33 after the injury, the patient was weaned
from the mechanical ventilation. He was conscious, improving
neurologically, and after the tracheostomy tube was replaced
with the phonation one, also able to speak. At that time, he
underwent intense rehabilitation. As the patient was able to
tolerate a more varied diet orally, parenteral nutrition was dis-
continued. In laboratory tests, a normalization of liver and kid-
ney parameters as well as a steady decrease in inflammatory
markers were observed. On day 45 of hospitalization, the pa-
tient was discharged from the ICU. He was in a good general
condition, conscious, without neurological deficits, with stable
cardiopulmonary and respiratory functions, and with normal
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kidney parameters and diuresis. He was scheduled for tricus-
pid valve reconstruction surgery in 3 months’ time.

Discussion

Hemophilia A is an inherited, genetic, chromosome X-linked
disease which causes factor VIl deficit. Clinically, the disease
presents as a bleeding diathesis, and the severity of the symp-
toms depends on the percentage of factor VIl deficiency. Severe
hemophilia A is recognized when the factor VIl serum concen-
tration is below 1% of normal value. The state-of-the-art treat-
ment for hemophilia A is a replacement therapy with recom-
binant factor VIII, with a replacement dose depending on the
severity of the disease and the current clinical situation [5].

Analyzing the course of events, it should be emphasized that
in our patient the crucial element of the successful treatment
was an early identification of hemophilia A by the Medical
Rescue Team at the site of the accident and immediate ad-
ministration of factor VIII by the Team (the patient had 2000
units (U) of factor VIl in his car). Moreover, a local blood bank
was promptly informed by the Medical Rescue Team, which al-
lowed prior securing of the intended dose of factor VIl and its
quick administration right after hospital admission.

Due to the severity and extent of trauma, our patient required
interdisciplinary treatment with involvement of many special-
ists in different fields. Right after admission to the ED, advance
life support was started, including tracheal intubation, mechan-
ical ventilation, pleural drainage, catecholamine infusion and
transfusion of PRBC, FFP, PC, fibrinogen, factor VIII, and crys-
talloids, which were continued later in the ICU. In the subse-
quent days the patient underwent many invasive procedures,
including percutaneous tracheostomy. On the first hospital
day, he had external stabilization of femoral fracture, which
was followed, after stabilization of his condition, by final or-
thopedic surgeries. All these procedures, due to coexistent he-
mophilia A and coagulopathy secondary to massive bleeding,
involved a high risk of bleeding and required careful prepara-
tion and transfusion of factor VIII. According to available re-
ports in the medical literature [6] and our hematologist’s rec-
ommendations, we were aiming at factor VIII levels of around
80-100%. The factor VIIl requirement was calculated based on
the information that administration of 1 U of factor VIII per
kilogram of body weight results in a factor VIl increase of ap-
proximately 2%. Because the half-life of factor VIl is 12 h, we
administered it twice a day and monitored its levels daily [6].

In our opinion, an important role in the success of the therapy
was played by early initiation of renal replacement therapy in
the form of Ci-Ca CVVHD. The decision to start Ci-Ca CVVHD
was made because of acute renal failure secondary to shock
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and rhabdomyolysis and the significant volume burden placed
on the patient’s cardiovascular system, including both blood
products and infusion fluids (crystalloids, colloids) resulting
from the need to replace the blood loss and to ensure optimal
tissue perfusion. Continuing Ci-Ca CVVHD also helped during
the most difficult period of treatment of lung contusion and
right ventricular failure, until lung and heart function improved
with a concomitant decline in pulmonary vascular resistance.
It should be emphasized that the decision to use Ci-Ca CVVHD
in the case of our patient was a difficult one, because of the
lack of our own experience in this group of patients and the
scarcity of reports in the medical literature worldwide on how
to deliver continuous renal replacement therapy (CRRT) to pa-
tients with severe hemophilia A [4]. The decision was made af-
ter an in-depth analysis of benefits and risks associated with
potential complications. CRRT in patients with hemophilia A
is challenging for many reasons. The major problems include
high risk of complications, both during establishing vascular
access and during the therapy. Placement of central vascular
catheters in patients with hemopbhilia is associated with high
risk of bleeding. It is also challenging to prevent circle clotting
during CRRT on the one hand, and avoid bleeding of the pa-
tient on the other hand. Another critically important issue is
how to properly supplement factor VIl in such patients, tak-
ing into consideration possible losses into dialysate. We decid-
ed to use regional citrate anticoagulation (RCA), because RCA
compared with heparin anticoagulation is associated with sig-
nificantly lower risk of bleeding, less blood transfusions, and
extended life of the extracorporeal circuit [7,8]. It was espe-
cially important in our patient, because the risk of bleeding
was very high due to his severe hemophilia A.

It is critically important in patients with hemopbhilia A to prop-
erly supplement the deficient factor VIII. As recommended by
the patient’s hematologist, factor VIII levels were monitored
daily and the replacement doses were titrated to achieve 80-
100% of serum activity in the acute phase of the disease. We
had not found information in the literature on whether and to
what extent factor VIIl is removed during CRRT. Also, the man-
ufacturer of the filter we used was unable to provide us with
such information. Therefore, we measured serum concentra-
tion of factor VIII daily and guided the supplementation by
these results. We considered it to be the only reasonable and
effective way to supply the patient with the adequate dose.
We observed that in order to maintain the desired serum level
of factor VIl during Ci-Ca CVVHD, it was necessary to increase
its dosage by an average of 15 U/kg during circuit replacement.

Our approach proved to be successful in our patient, as he was
discharged from the ICU on day 45 after the injury in good gen-
eral condition, with stable circulatory and respiratory system,
without any apparent neurological deficits, and with good re-
nal function (creatinine 50 mmol/l, GFR 60 ml/min/1.73 m?).
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This treatment outcome was a source of great satisfaction for
the whole team involved in caring for the patient, since the se-
verity of the original injury, the patient’s condition on admis-
sion, including extremely low hemoglobin level (Hb 2.6 g/dL)
combined with a severe lung injury, raised serious concerns
about consequences of organ hypoxia. Fortunately, multidis-
ciplinary intensive treatment protected the patient from such
an untoward course of the disease. Three months later, the
patient had a minimally invasive tricuspid valve reconstruc-
tion via a right minithoracotomy with extracorporeal circula-
tion. The procedure was uncomplicated. Currently, the patient
is in a good condition and is returning to his activities from
before the accident.
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Conclusions

This report describes a successful treatment with Ci-Ca CVWHD
as a part of multidisciplinary, intensive treatment of patient
with polytrauma and severe hemophilia A. Our case report
shows that such an approach may be an effective and safe
method of treatment in this group of patients. However, fur-
ther studies are needed to confirm our findings and to opti-
mize this method of treatment in patients with hemophilia.
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