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Background

In patients with severe traumatic brain injury (TBI), 
hypertonic saline (HTS) is used principally for its hyper-
osmolar properties. However, some limited evidence sug-
gests that resuscitation of TBI patients using HTS-dextran 
solution is also associated with a favourable inflamma-
tory biomarker profile compared to normal saline,1,2 
which may suggest HTS has immuno-modulatory and 
anti-inflammatory properties that could limit secondary 
brain injury. One simple biomarker of systemic inflam-
mation is Neutrophil to Lymphocyte ratio (NLR), with 
lower NLRs associated with favourable TBI outcomes.3 
We aimed to investigate the effect of HTS on NLR in 
patients with TBIs.

Methods

Adults with blunt severe TBIs, managed by a pre-hospital 
critical care team from Hampshire & Isle of Wight Air 
Ambulance (HIOWAA) between 1st August 2018 to 31st 
October 2023, were included. We define severe TBI as 
requiring pre-hospital rapid sequence induction of anaes-
thesia with ketamine and rocuronium. Data collected 
from electronic records included patient demographics, 
physiological observations, and pre-hospital treatment 
given. HIOWAA routinely administers a 100 ml bolus of 
5% saline to patients with signs of brainstem herniation 
(e.g. fixed dilated pupils). We compared patients who 
received HTS to those who did not. Our primary outcome 

was NLR on hospital admission. We constructed a multi-
ple linear regression model (incorporating variables with 
p < 0.20 in univariable regression) to identify variables 
associated with NLR. Our analysis used SPSS v28 (IBM 
Corp., Armonk, NY), with p < 0.05 taken as significant. 
This study used routinely collected data and was approved 
as a service evaluation.

Results

We included 110 patients (Table 1). The median age was 
57.1 years (IQR 35.7–73.4), 67% of patients were male 
(n = 74), and 75% had an isolated head injury (n = 82). The 
median best pre-hospital Glasgow Coma Score (GCS) 
was 7 (IQR 5–10), whilst 53 patients (48%) had unilateral 
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or bilateral fixed, dilated pupils (FDPs). On hospital 
admission, median NLR was 9.0 (IQR 4.9–14.6), and 
NLR was lower in patients who had received HTS (7.9 vs 
11.9, p = 0.021). In our multiple linear regression model 
(adjusting for age, best GCS, any FDPs, lowest mean 
arterial pressure, time to rapid sequence induction of 
anaesthesia, and time to hospital), HTS use was indepen-
dently associated with NLR (β = −3.63, 95% CI −7.23 to 
−0.037, p = 0.048). Furthermore, if the 17 (24%) patients 
with FDPs who did not receive HTS were excluded, 
median NLR was again lower in patients with HTS use 
(7.9 vs 11.4, p = 0.026).

Discussion

In our service, pre-hospital HTS use in patients with 
severe TBI is associated with reduced NLR on hospital 
admission. The mechanism(s) underpinning any 
immuno-modulatory effect of HTS alone remain 
unclear, but previous studies suggest HTS-dextran use 
may attenuate leukocyte and cytokine upregulation 
after trauma.1 Although the observed difference in NLR 
between groups was small, our findings reflect early 
inflammation very soon after injury. However, as a 
small single-centre study of patients with very severe 
TBIs, our findings are unlikely to be fully generalisable 
of note, the rate of TXA administration in our cohort 
was also lower than we would have expected. 
Furthermore, the retrospective nature of this study 
meant we were unable to report or adjust for potentially 

important confounding variables (e.g. total propofol 
dose, which has known immunomodulatory properties). 
Nevertheless, we believe our findings are intriguing 
and highlight the neuroinflammatory properties of HTS 
as an area for future research.
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Table 1.  Patient demographics, clinical presentation, and pre-hospital treatment according to whether hypertonic saline was 
received or not.

Variable All patients 
(n = 110)

HTS received 
(n = 38)

HTS not 
received (n = 72)

Significant 
difference? (p)

Patient demographics
  Age 57.1 (35.7–73.4) 55.7 (36.0–68.9) 57.7 (36.5–73.9) 0.613
  Male sex 74 (67) 26 (68) 48 (67) 1.000
Clinical presentation
  Isolated head injury 82 (75) 27 (71) 55 (76) 0.646
  Best GCS 7 (5–10) 5 (4–6) 8 (6–10) <0.001
  Any FDP(s) 53 (48) 36 (95) 17 (24) <0.001
  Lowest MAP (mmHg) 81 (68–95) 73 (61–93) 82 (71–97) 0.132
  Lowest SpO2 (%) 94 (88–97) 94 (88–96) 94 (89–97) 0.680
Pre-hospital treatment
  Isotonic saline 32 (29) 12 (32) 20 (28) 0.667
  Hypertonic saline 38 (35) 38 (100) 0 (0) <0.001
  Blood transfusion 11 (10) 5 (13) 6 (8) 0.508
  Tranexamic acid 70 (64) 28 (74) 42 (58) 0.145
  Propofol sedation 85 (77) 31 (82) 54 (75) 0.483
  Vasopressors 40 (36) 13 (34) 27 (38) 0.836
  Time – injury to RSI (mins) 64 (52–80) 64 (47–78) 64 (53–85) 0.386
  Time – injury to hospital (mins) 109 (92–128) 111 (89–131) 108 (94–122) 0.878
 Outcome
  NLR on hospital admission 9.0 (4.9–14.6) 7.9 (4.3–11.4) 11.9 (5.6–18.6) 0.021

HTS: hypertonic saline; GCS: Glasgow coma score; FDP: fixed dilated pupil; MAP: mean arterial pressure; RSI: rapid sequence induction; NLR: 
neutrophil to lymphocyte ratio.
Continuous data presented as median (IQR: inter-quartile range) and categorical as number (percentage). We used Mann Whitney U and Fisher 
exact tests to compare between groups.
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