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Abstract

We aim to analyze the changes of cerebrospinal fluid (CSF) pressure and its relationship with
hyponatremia after acute cervical cord trauma (ACCT). The medical records of 45 ACCT pa-
tients were reviewed from June 2011 to February 2013. They were divided to 3 groups. CSF
pressure of syndrome of inappropriate antidiuretic hormone (SIADH), cerebral salt wasting
syndrome (CSWS), and non-concurring hyponatremia (NCH) group. Lumbar puncture and
SPSS17.0 software were used to detect and analyze CSF pressure at 3 time slots (24 ~ 48 hours
after injury, diagnosed hyponatremia before targeted treatment and curing hyponatremia in
SIADH and CSWS groups; 24 ~ 48 hours after injury, 7-10 day after injury and discharged at
hospital in NCH group) between groups and within groups during the pathologic process of
ACCT. At the 1% time slot the SIADH group is higher than CSWS group and NCH group,
whereas CSWS group is higher than NCH group, and the differences are significant (p<0.05).
We observed the same tendency at the 2th time slot. At the 3th time lot there is no significant dif-
ference among 3 groups (p>0.05), neither do SIADH group at 1% and CSWS group at the 2th
time slot. The data showed that the 2th dot is higher than the first and the third, whereas the
first is higher than the third in SIADH group and CSWS group with statistically significance
(p<0.05). There is no significant difference among the CSF pressure in 3 time slot within NCH
group (p>0.05). Increasing CSF pressure might closely relate with the pathogenesis of SIADH
during ACCT. Increasing CSF pressure after ACCT might combine with other factors and lead
to SIADH. In addition, ACCT complicated with hyponatremia could cause CSF pressure in-
crease.
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| ntroduction Hyponatremia is the most common complication after
ACCT; incidence rate can be as high as 85.7% [8¢u®

Spinal cord injury is a high-cost, low-incidenceur  ring of hyponatremia might associate with the sigyef

logical disability. This condition has a signifitampact ACCT, respiratory complications or craniocerebrguiy,

on the individual, the family, health care servitivery — and other medical factors [4]. Severe hyponatremegy

systems, and society in general [1]. SCI occureuin  cause edema on cells of the central nervous systed,

various countries throughout the world with an ainu aggravate the injury of spinal cord nerve functisiow

incidence of 15 to 40 cases per million, with theses of down the recovery process, even lead to the regaser

these injuries ranging from motor vehicle accideantsl neural function been lost again.

community violence to recreational activities andrkv

place-related injuries [2]. Acute cervical cord utmsa  Syndrome of inappropriate antidiuretic hormone (St

(ACCT) represents the most serious and catastraphic and cerebral salt wasting syndrome (CSWS) are often

jury to the spinal cord. used to explain the mechanism of ACCT complicated
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with hyponatremia [5-7]. For similar clinical maadta- terone system which can lead to increasing of repal
tion and the different pathogenesis and therapguitici-  dium excretion.

ple, the accurate identification of these two typas im-

portant clinical significance. Through discussionagre- The diagnostic criteria of SIADH were [8]: serum
brospinal fluid (CSF) pressure change in differemte  sodium<130 mmol/L, sodium in urine20mmol/L,
points after ACCT or ACCT complicated with hypona-yrine osmotic pressureOPP, urine and blood hematocrit
tremia, we hope to find the mechanism of ACCT campl requce, blood volume and central venous pressure in

cated with hyponatremia. crease, except hyponatremia caused by renal sddasm

Patients and methods The diagnostic criteria of CSWS were [9]: serum
_ _ _ _ sodium<130 mmol/L, sodium in urin€20mmol/L,

Patients and ethnic consideration urine osmotic pressureOPP, urine increase, blood vol-

This study was approved by an Institutional Reviewyme and central venous pressure reduce, diseasa- agg
Board of Institute of Orthopedics and Traumatolagy yate after limited water treatment.

Chinese PLA and was conducted in accordance wibl go

clinical practice, all applicable regulatory reauirents Sample collection and CSF pressure measurement

and the guiding principles of the Declaration ofiditéki.  yrine and blood samples were collected by routine
Written informed consent was obtained from all 80§  method. Lateral lumbar puncture was adopted toctiete
prior to admission to the study. A total of 45 AC@&-  CSF pressure; normally the pressure at the vemtitl
tients were recruited SUCCESSfU"y from June 201Edb- equa| to terminal Cisterna, so CSF pressure vatue i
ruary 2013 at Department of Spinal Cord Injurylitose  adopted to represent the intraventricular pressG®E

of Orthopedics and Traumatology of Chinese PLA, Genpressure fluctuated with the fluctuation respinator
eral HOSpital of Jinan M|||ta.ry Area Command. rhy‘thm when existing 10 ~ 20mnje Measurement of
CSF was adopted by the average value of maximum and
minimum pressure value under normal circumstances.
Acute cervical spinal cord injury (ACSCI) could te¢o
CSF circulation obstruction, thus measured lumhercp
ture pressure cannot be a good representativeraf/én-
tricular pressure. In clinical, we use jugular coegsion
experiment to detect CSF circulation: when handresgp
bilateral jugular vein, the increased intracraniehous
congestion cause intracranial pressure increastnoWi

The exclusion criteria were: 1. having hyponatretrga ~ Obstruction, CSF pressure in the neck quickly rosgs
fore admission; 2. Hospitalized exceed 24 houmraft- highest point after 15 seconds, and can rapidlycedo
jury; 3. with lumbar puncture contraindication; 4. Jugularthe initial test level after the removal of pressim 15
compression experiment shows the CSF circuldtiorot ~ Seconds. Partial obstruction lead to slowly inoeeasr
smooth; 5. Complicated with other diseases, sudtiaas decreased pressure, sometimes remove oppressinatcan
betes’ heart disease' hypertension’ cancer ancctlre let the preSSUre fall to the initial test Ievelmete ob-
sis; 6. Before discharge hyponatremia was uncufed; Struction in the neck after the pressurization lea@SF
diagnosis of hyponatremia is not timely and tamgeter- ~ Pressure does not rise or increased very small.

apy is ineffective; 8. Incomplete clinical data.

The inclusion criteria were: 1. without complicatedth
hyponatremia before admission; 2. Hospitalized iwit%
hours after injury; 3No lumbar puncture contraindica-
tion; 4. Jugular compression experiment shows tB& C
circulation is normal; 5. Before discharge hypoaatia
was cured; 6. Timely diagnosis of hyponatremia tamd
geted therapy is effective; 7. Having complete icéh
data.

CSF pressure test time
Diagnostic criteria of hyponatremia In this study, 3 time slot were used to measure Q85-
SIADH and CSWS are two main mechanisms to explaisure, for patients in SIADH and CSWS group, the snea
ACCT complicated with hyponatremia. SIADH is causedured time slot were same; for patients in NCH grdbp
by abnormal secretion of the antidiuretic hormoriéciv ~ 2th and 3th time slot were different, detailed nieagime
can enhance water reabsorption. CSWS is causethby i slotin 3 group were listed in Table 1.
bition of renal sympathetic and renin angiotensoos:

Table 1. Test time of CSF pressure

Timedlots SAIDH group and CSW S group NCH group

First 24 to 48 hours after injury 24 to 48 houtsranjury
Second Before targeted treatment 7 to 10 daysiajtey
Third During cure time Discharge
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Satistical analysis

The results are expressed as means + SD. Datacoere
pared using the t test and Chi square test, regpci p
value <0.05 was considered as significant. SPSS17
software was used to analyze data.

Results

After diagnosis, among these 45 patients, there ®8r
cases of hyponatremia patients, including 20 cakes
SIADH and 13 cases of CSWS, another 12 cases mtien
were recruited to CSF group.

Comparison between groups at three time slots

As we can see fromable 2, at the first slot the CSF pres-
sure in SIADH group is higher than that of CSWS and
MCH group, whereas pressure in CSWS group is higher
than NCH group with statistical difference (p<0.08)
the second slot we observed same tendency, whtleeat
third slot there is no significant difference am@ig\DH,
CSWS and NCH group (p>0.05). In addition, when com-
pared the CSF pressure at the 1st time slot in SIAD
group with 2th time slot in CSWS group, there was n
significant difference was observed (p>0.05).

Table 2. comparison of CSF pressure (p® in 3 groups at 3 time slot

Group N CSFpressureat 1% timeslot  CSF pressureat 2th time slot CSF pressure at 3th time slot
SIADH 20 13.9542.27 = 17.01+£2.86" 6.47+1.11%
CsSws 13 9.6741.61"m= 12.19+2.51° 6.21+0.85"

NCH 12 6.20+0.55 6.17-0.34 6.12-1.00

** P <0.01, VS NCH group.
* P<0.05," P<0.01, VS 2th time slot in same group.
#® P<0.01, VS 3th time slot in same group

Comparison within groups at the 3 time sots

[12]. The acute phase (within 1 week after injury) isreha

In SIADH and CSWS group, the CSF pressures at 2thcteristics of edema, hemorrhage, microcirculatisor-

time slot were higher than that at 2th and 3th tsiod,
whereas the CSF pressures #ttiilne slot were higher
than that at 3th with are both statistical differen
(p<0.05) (Table 2). However, there was no signiftca
difference in the CSF pressure at 3 time slotsiwiNCH
group (p>0.05) (Table 2).

Discussion

It is estimated that SCI causes a 6000 deaths @ad 5
new cases of quadriplegia in the United States gaeh
[10]. Males are affected 4 times as frequentlyaasdles
[11]. Hyponatremia is a common complication after
ACCT. untimely treated hyponatremia will lead toicas
consequences. At present, research involved in t

der, and inflammatory exudation in spinal corduéssin
the medium phase (1 week after injury to severaksg
hyperplasia existed in astrocytes and glial fibée final
phase (about half a year after injury) is that 8&tome
scar and cavities [13]. During the injury, facteaused
SCI often cause different levels of hemorrhagepiue
ral, subdural and subarachnoid.

In the acute phase hemorrhage of outside spindl ttsr
sue is associated with hemorrhage, edema in spimél
Coupled with the inflammatory substances releaséal i
the CSF, which act on the choroid plexus and epaatly
cells, can destruct blood-brain barrier leadingnttreas-

ing production of CSF. These factors all can affaets-

e and composition of CSF.

still less and not entirely clear. SIADH and CSW8 tavo

which constantly produce and reflux, any patholabic

main mechanisms to explain ACCT complicated withgiate which disturb this balance system will affietta-

hyponatremia. Although the two theories are notsisn
tent, the similar clinical manifestations make iciians

ventricular CSF pressur&actors affecting CSF pressure
can be divided into two categories: increasingdiacand

hard to distinguish SIADH with CSWS.neuroendocrine(.jecreasing factors. Increasing factors includectidga in

disorders, autonomic dysfunction, the changes ofidae

the central nervous system, trauma induced hengerima

dynamics, internal environment, and temperature angrain and spinal cord parenchyma, hematoma in su-

other various factors complexly all could affecttatm-
lism between water and sodium.

Pathological processes of SCI showed differentustat
depend on degree of injury, which can be dividet in
complete SCI, incomplete SCI and spinal cord cosions
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barachnoid hemorrhage, subdural, and epidurabdrdr
nial venous sinus thrombosis, vascular diseaseecamf

the central nervous system, and epileptic seiz[kék
Decreasing factors such as spinal cord compressiuin,
dural hematoma, and CSF leakage are caused by&draum
spinal subarachnoid adhesions and reduced secrafion
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CSF caused by various factors; there are othevgaitric
factors like long-time ventricular drainage [15h this

study, we applied lateral lumbar puncture to de(@SF

pressure on behalf of intraventricular CSF presslre
order to ensure its safety and accuracy, attemtiost be
paid to possible CSF cyclic interrupt, lumbar punet
contraindication and so on.

At present, the mechanism of SIADH after ACCT itenf
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group or organization. If there is a problem, we waill-
ing to bear the responsibility.
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