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Abstract

Background: Computed tomography of the head (HCT) is a widely used diagnostic tool, especially for emergency and trauma
patients. However, the diagnostic yield and outcomes of HCT for patients on medical intensive care units (MICUs) are largely
unknown. Methods: We retrospectively evaluated all head CTs from patients admitted to a single-center MICU during a 5-year
period for CT indications, diagnostic yield, and therapeutic consequences. Uni- and multivariate analyses for the evaluation of risk
factors for positive head CT were conducted. Results: Six hundred ninety (18.8%) of all patients during a 5-year period
underwent HCT; 78.7% had negative CT results, while 21.3% of all patients had at least | new pathological finding. The main
indication for acquiring CT scan of the head was an altered mental state (AMS) in 23.5%, followed by a new focal neurology in
20.7% and an inadequate wake up after stopping sedation in 14.9% of all patients. The most common new finding was intracerebral
bleeding in 6.4%. In 6.7%, the CT scan itself led to a change of therapy of any kind. Admission after resuscitation or a new focal
neurology were independent predictors of a positive CT. Psychic alteration and AMS were both independent predictors of a
higher chance of a negative head CT. Positive HCT during MICU is an independent predictor of lower survival. Conclusions:
New onset of focal neurologic deficit seems to be a good predictor for a positive CT, while AMS and psychic alterations seem to
be very poor predictors. A positive head CT is an independent predictor of death for MICU patients.
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for ICU patients intrahospital transport>®; furthermore, reducing
costs for the health-care system is a growing issue.’

Increasing data exist on patients in emergency units,® for
example, patients with syncope’'? or patients with minor head

Background

The use of computed tomography (CT) is rapidly increasing in
clinical and nonclinical settings since its development in 1972.
In 1980, an estimate of 3 million CT scans in the United States
per year were obtained, while 25 years later, the number grew
to above 60 million CT scans. Most of the CT scans are done in
adults, and around one-third of all adult scans are scans of the
head.! There is an increasing awareness of risks associated with
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radiation exposure; however, dose reduction techniques
reduced effective doses to less than the annual natural back-
ground radiation, making the decision to perform a CT scan
even more easy.’

Intensive care unit (ICU) patients are sometimes hard to
evaluate with clinical tools as they are often intubated or show
neurological deterioration from unknown causes. Multiple rea-
sons could lead to warrant head CT scan (HCT) such as onset of
a new focal neurology, failure to wake up after sedation, or
probably most common an altered mental state (AMS). Head
CT scans yield inherent risks such as radiation'** or especially
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trauma.'*>"'> Most of these studies show a low diagnostic yield,
and therefore, clinical and prognostic factors to choose the right
patients for CT scans are warranted.'®!'” Especially HCTs in
unselected medical patients seem to be of low diagnostic yield
as shown by Owlia et al, who found only 4% of all HCTs
yielding significant findings.'’

For surgical patients, especially neurosurgical patients, it
may be easier to define indications for CT scans, however, this
does not account for medical ICU (MICU) patients often pre-
senting with multifactorial clinical conditions like headache,
syncope, AMS, psychic alterations, and other risk factors such
as coagulopathy and age. Interestingly, data from patients on
MICUs are scarce, and we could only identify 5 studies so far
dealing with this subgroup of patients.'®?* However, these
studies mostly included a mix of surgical and medical patients
or analyzed special subcohorts of patients.

The aim of this study was to evaluate why and for which
patients a CT scan of the head is requested in a large cohort of
patients on an MICU and the diagnostic and therapeutic yields
of this procedure. Furthermore, we aimed at evaluating risk
factors for a positive CT and whether positive HCT is a
relevant survival factors on MICU.

Methods
Selection of Patients

By a systematic query of the University Hospital Frankfurt
clinical database, all patients admitted to the MICU of the
Frankfurt University Hospital, a tertiary clinic in a large met-
ropolitan area, between January 2010 and August 2015 were
included into this retrospective cohort study. The study was
performed in accordance with the 1975 Declaration of
Helsinki. The study was approved by the ethical committee
of the Frankfurt University Hospital (protocol number 535/15).

The MICU is a specialized ward with 16 intensive care
beds for exclusively patients of the internal medicine depart-
ments and patients with nontraumatic diseases requiring
intensive care. Patients with neurological/neurosurgical dis-
eases are treated on another specialized ward as are all
patients treated in the surgical departments. The medical team
consists of specialists in internal medicine and a specialized
intensive care nursing staff. A consultative support is orga-
nized in cooperation with the other clinics of the hospital to
address systemic problems (eg, the dermatologist for derma-
tological consultation).

All patients who did not receive CT scan of the head at any
time point were excluded as were patients with CT scan which
were not carried out from the ICU, for example, from the
emergency ward or neurology department after transfer of a
patient. No patients below 18 years were included.

Collected data from medical records included patient char-
acteristics (age, sex, admission diagnosis, underlying disease,
comorbidities, days on ICU, death, medication, and laboratory
results). Admission diagnoses were combined to generic terms
(eg, decompensated cirrhosis and acute hepatitis to “liver

failure” or intoxication/unknown cause of vigilance decrease
most probably caused by an internal medicine disease to
“neurology”) as were the underlying diseases (eg, chronic heart
failure and coronary heart disease to “cardiology” or cancer
diseases to “hemato-oncology”). Anticoagulation was regis-
tered as were laboratory results reflecting blood coagulation,
normal values for thrombocytes were >150/nL, Quick <70%,
and partial thromboplastin time >40 seconds. It was documen-
ted if patients were intubated at the time of CT scan, needed
circulatory support (eg, norepinephrine or dobutamine perfu-
sor), and if antibiotics were administered.

Computed Tomography of the Head

All first CT scans of the head were identified and evaluated
retrospectively from the radiology report and physician notes.
Second CT scans were evaluated for patients with a negative
first CT scan. Computed tomographies were excluded if they
were follow-up scans for established diseases.

Indications for CT scan were classified as the most common
questions to the radiologist as given from the clinician request-
ing the CT scan: unconsciousness/syncope, inadequate wake
up after end of sedation, seizure, new focal neurology, resusci-
tation, somnolence/AMS, meningism, clinically suspected cer-
ebral pressure, and others.

New neurological deficits as stated by the treating physician
at the time point of CT were determined by reviewing patients
charts and classified as follows: anisocoria, aphasia, uncon-
sciousness, tonic and wide pupils, headache, seizure, myoclo-
nus, paresis, vertigo, impaired vision, AMS, and psychic
alterations. New findings during HCT (CT-positive group)
were classified as all new pathologies found on the CT head
scan: abscess, extra-axial bleeding (eg, subdural hematoma),
fracture, edema, hydrocephalus, signs of hypoxic brain dam-
age, intracerebral bleeding (ICB)/subarachnoid hemorrhage
(SAH), ischemic stroke, tumor, and none. Old findings were
classified as all pathological findings which were known before
or were classified as chronic changes, not leading to any clin-
ical findings: residual defect (eg, old infarction/bleeding),
arteriosclerosis/microvasculature changes, cerebral atrophy,
and none. Consequences of HCT were classified as control
(direct determination of a repeat scan), immediate surgery,
change of therapy (every acute change of treatment directly
deducted from the result of the CT scan including do-not-
resuscitate orders), transfer to another ward/department, and
none. If the number of findings was below 10 (n < 10) and did
not fit one of the given categories, it was defined as others, for
example, colloidal cysts as a radiologic finding.

Aims of the Study

The primary aim of this study was the evaluation of the diag-
nostic yield of head CT scans in a special cohort of patients,
namely patients treated on a nontraumatic ICU. Furthermore,
outcomes of pathological findings were evaluated. For group
comparisons, patients with negative CT scans were compared
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to patients with positive head CT scans, meaning scans with at
least 1 new pathological finding. For survival analysis, patients
were divided into survivors and nonsurvivors up to 30 days
after the CT scan. For multivariate analysis and Cox regression,
significant findings during group comparisons were included.

Statistical Analysis

Continuous variables are shown as median and range and cate-
gorical variables are reported as frequencies and percentages.
Differences between different patient cohorts were determined
using the Fisher-Freeman-Halton exact test for categorical
variables (McNemar test for dependent variables); for quanti-
tative variables, we used the Mann-Whitney U test or Kruskal-
Wallis test (Wilcoxon for dependent variables). For multiple
comparisons, Bonferroni correction was applied. Risk factors
for positive CT scans were determined using uni- and multi-
variate binary logistic regression model. For assessment of sur-
vival factors, we used a uni- and multivariate Cox regression
model. All P values reported are 2 sided. Statistical significance
was assumed when the P value was <.05. Statistical analyses
were performed using SPSS 22 (IBM, Armonk, New York) and
Prism 5 (GraphPad Software Inc, San Diego, California).

Results
Patient Characteristics

During the given time, 3674 patients were treated on the MICU
(around 648 patients/year and 54 patients/month). The initial
analysis identified 879 (23.92%) patients who underwent HCT,;
however, 187 patients were excluded mainly because head CT
was carried out before admission or after discharge from ICU.
Two patients received head CT for liver transplant evaluation.
Finally, 690 patients who underwent head CT scan during the
5-year time period, which is a rate of 18.8% of all patients at
least receiving 1 CT scan of the head, were evaluated.

Five hundred forty-three (78.7%) patients had negative CT
results, while 147 (21.3%) of all patients had at least 1 new
pathological finding. For detailed analysis see Figure 1.

The cohort included 459 (66.5%) males and 231 (33.5%)
females, median age was 65 (18-92 years). Median time to CT
scan was 1 day (0-73), median stay on ICU was 10 days
(0-141). Two hundred twenty-eight (33%) patients of the
cohort died on ICU after a median of 9 days (0-125). Patients
with a positive CT scan had a significant shorter survival on
ICU (5 vs 12 days, P <.001) and a significantly higher death
rate (n = 68, 46.3% vs n = 160, 29.5%, P < .001).

Comparison of Patients With Positive and Negative CT
Scan Results

Main admission diagnoses were successful resuscitation (n =
179, 25.9%), followed by pulmonary failure (n = 124, 18%)
and cardiac failure of any kind (n = 107, 15.5%). There were
significantly less positive CTs in patients with admission diag-
nosis of gastrointestinal bleeding (0.0% vs 3.1%, P = .03),

3674 patients treated on MICU during 5 years and 6
month

}

879 (23.92%) patients underwent HCT

187 excluded (CT before or after ICU stay)
2 patients underwent HCT for liver
transplant evaluation

690 (18.8%) patients included in the study

/N

147 (21.3) with
positive head CT

543 (78.8%) with
negative head CT

Figure |. Flowchart of included and excluded patients from the
MICU and the number of patients with positive and negative head
computed tomography (CT) results.

pulmonary failure (11.6% vs 19.7%, P = .023), or sepsis
(5.4% vs 13.3%, P = .009), while patients with a neurological
diagnosis (9.5% vs 4.6%, P = .022) or resuscitation (41.5% vs
21.7%, P <.001) had significantly more often positive CT scans.

According to comorbidities, namely active tumor disease, atrial
fibrillation, and chronic kidney disease, there were no significant
differences with 20% to 30% in both groups. Three hundred fifty-
two (51.0%) patients had at least 1 medication interfering
with blood clotting, mainly heparin (prophylactic heparin admin-
istration not included; n = 173, 25.1%) and combined platelet
inhibition (aspirin and P2Y 12 inhibitor; n = 62, 9.0%). Three
hundred ninety-seven (57.5%) patients were intubated at the time
of CT scan, 289 (41.9%) needed circulatory support, and
539 (78.1%) received antibiotics. There was no significant differ-
ence in laboratory results, namely creatinine, hemoglobin,
thrombocytes, prothrombin time, and partial thromboplastin
time (data not shown). Significantly more patients in the
CT-positive group were intubated (72.8% vs 53.4%, P <.001) and
received circulatory support (50.3% vs 39.6%, P = .009).

Overall, we found 4 (0.6%) complications during HCT and
transport of these patients to the CT scanner, all were in the CT-
negative group. One patient had a seizure during transport,
which was treated successfully. One patient had minor allergic
reaction to the contrast agent. Two patients had cardiac arrest
during transport but were successfully resuscitated after a short
time. For detailed data, see Table 1.
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Table I. Patient Characteristics and Admission Diagnoses.?

Parameter All Patients Negative CT Positive CT P Value
Epidemiology
Patients, n (%) 690 543 (78.7) 147 (21.3)
Gender, male/female (%) 459/231 (66.5/33.5) 354/189 (65.2/34.8) 105/42 (71.4/28.6) .168
Age, median, range 65 (18-92) 65 (18-92) 63 (18-89) .828
Days admission to CT, median, range | (0-73) I (0-73) 1 (0-19) 710
Days lived on ICU, median, range 9 (0-125) 12 (0-125) 5 (0-42) <.001
Days CT till death on ICU, median, range 5 (0-107) 8 (0-107) 3 (0-27) <.001
Days treated on ICU, median, range 10 (0-141) Il (0-125) 8 (0-141) <.001
Died on ICU, median, range 228 (33.0) 160 (29.5) 68 (46.3) <.001
Admission diagnosis, n (%)
Gl bleeding 17 (2.5) 17 (3.1) 0 (0.0 .030
Cardiac failure 107 (15.5) 83 (15.3) 24 (16.3) 797
Liver failure 39 (5.7) 35 (6.4) 4 (2.7) .106
Pulmonary failure 124 (18.0) 107 (19.7) 17 (11.6) .023
Metabolic derailment 45 (6.5) 36 (6.6) 9 (6.1) 1.0
Neurological admission 39 (5.7) 25 (4.6) 14 (9.5) .022
Kidney failure 13 (1.9) 13 (2.4) 0 (0.0 .082
Resuscitation 179 (25.9) 118 (21.7) 61 (41.5) <.001
Sepsis 80 (11.6) 72 (13.3) 8 (5.4) .009
Others 45 (6.5) 36 (6.6) 9 (6.1) 1.0
Underlying disease, n (%) .052
Endocrinology I (1.6) 10 (1.8) 1 (0.7) A73
Gastroenterology 99 (14.3) 87 (16.0) 12 (8.2) 016
Infectiology 91 (13.2) 73 (13.4) 18 (12.2) .784
Cardiology 257 (37.2) 188 (34.6) 69 (46.9) .006
Nephrology 22 (3.2) 19 (3.5) 3 (2.0) .596
Neurology 23 (3.3) 15 (2.8) 8 (5.4) 121
Hemato-Oncology 105 (15.2) 81 (14.9) 24 (16.3) .503
Pneumology 32 (4.6) 29 (5.3) 3 (2.0) .120
Psychiatry 24 (3.5) 21 (3.9) 3 (2.0 445
Others 24 (3.5) 19 (3.5) 5(3.4) .781
Comorbidities, n (%)
Tumor disease 147 (21.3) 118 (21.7) 29 (19.7) 651
Atrial fibrillation 189 (27.4) 148 (27.3) 41 (27.9) 917
Chronic kidney failure 149 (21.6) 119 (21.9) 30 (20.4) .821
Intensive care
Intubated, n (%) 397 (57.5) 290 (53.4) 107 (72.8) <.001
Circulatory support, n (%) 289 (41.9) 215 (39.6) 74 (50.3) .009
Antibiotics, n (%) 539 (78.1) 433 (79.7) 106 (72.1) .160
Complications during transport, n (%) 4 (0.6) 4 (0.7) 0 (0.0) _
Anticoagulation, n (%) 352 (51.0) 285 (52.5) 67 (45.6) 359
None 177 (25.7) 137 (25.2) 40 (27.2) .670
Acetylsalicylic acid (ASA) 50 (7.2) 41 (7.6) 9 (6.1) 72
ASA + P2Y12 Inhibitor 62 (9.0) 45 (8.3) 17 (11.6) 254
Heparin 173 (25.1) 146 (26.9) 27 (184) .034
Phenprocoumon 25 (3.6) 20 (3.7) 534 1.0
DOAC 19 (2.8) 15 (2.8) 4 (2.7) 1.0
Uncertain/others 184 (26.6) 139 (25.7) 45 (30.6) .282

Abbreviations: CT, computed tomography; DOAC, direct oral anticoagulant; Gl, gastrointestinal; ICU, intensive care unit.
*Variables are expressed as median and range or as numbers and proportions, as appropriate. All P values reported are 2 sided. Statistical significance was defined

as P < .05.

Main Indications for Acquiring a Head CT

The main indication for acquiring CT scan of the head was an
AMS in 162 (23.5%) patients, followed by a new focal neurol-
ogy in 143 (20.7%) patients and an inadequate wake up after
stopping sedation in 103 (14.9%) of all patients. Significantly

more patients with a CT scan postresuscitation had a positive
finding (n = 32, 21.8% vs n = 56, 10.3%, P < .001), while
patients with AMS were significantly less in the positive CT
cohort (n = 16, 10.9% vs n = 146, 26.9%, P < .001).

The most common neurologic abnormalities before CT scan
were AMS in 185 (26.8%) patients, with significantly less
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Table 2. Indications for CT, Neurologic Deficits, and Pathological Findings.?

Parameter All Patients Negative CT Positive CT P Value

Epidemiology
Patients, n (%) 690 543 (78.7) 147 (21.3)

Contrast agent, n (%) 158 (22.9) 126 (23.2) 32 (21.8) .825

Indication for CT, n (%)
Unconsciousness/syncope 20 (2.9) 17 (3.1) 3 (2.0 591
Inadequate wake up 103 (14.9) 74 (13.6) 29 (19.7) .069
Seizure 58 (8.4) 46 (8.5) 12 (8.2) 1.0
New focal neurology 143 (20.7) 110 (20.3) 33 (224) .567
Resuscitation 88 (12.8) 56 (10.3) 32 (21.8) <.001
AMS 162 (23.5) 146 (26.9) 16 (10.9) <.001
Others 114 (16.5) 93 (17.1) 21 (14.3) A54

Neurologic deficit, n (%)
None 38 (5.5) 34 (6.3) 4 (2.7) .105
Anisocoria 104 (15.1) 80 (14.7) 24 (16.3) .606
Unconsciousness 137 (19.9) 94 (17.3) 42 (29.3) .003
Myderiasis both sides 12 (1.7) 6 (l.1) 6 (4.1) .025
Headache I (1.6) Il (2.0) 0 (0.0 .133
Seizure 51 (7.4) 41 (7.6) 10 (6.8) .860
Myoclonus 31 (4.5) 19 (3.5) 12 (8.2) .023
Paresis 27 (3.9) 14 (2.6) 13 (8.8) .001
Psychic alteration 51 (7.4) 49 (9.0) 2(1.4) <.001
AMS 185 (26.8) 160 (29.5) 25 (17.0) .002
Others 41 (5.9) 34 (6.3) 7 (4.8) .562

Old findings, n (%)
None 477 (69.1) 383 (70.5) 94 (63.9) .132
Residual defect (infarct/bleeding) 120 (17.4) 78 (14.4) 42 (28.6) <.001
Arteriosclerosis/microvasculatory changes 39 (5.7) 36 (6.6) 3 (2.0 .042
Cerebral atrophy 16 (2.3) 15 (2.8) 1 (0.7) 215
Others 36 (5.2) 30 (3.5) 6 (4.1) .676

Consequences, n (%)
None 460 (66.7) 437 (80.5) 23 (15.6) <.001
Control CT 152 (22.0) 88 (16.2) 64 (43.5) <.001
Surgery 5(0.7) 0 (0.0) 534 <.001
Change of therapy 46 (6.7) 5(0.9) 41 (27.9) <.001
Transfer to another ward 16 (2.3) 7 (1.3) 9 (6.1 .002
Others 9(1.3) 5 (0.9) 4 (2.7) .103

Abbreviations: AMS, altered mental state; CT, computed tomography; ICU, intensive care unit; Gl, gastrointestinal.
*Variables are expressed as median and range or as numbers and proportions, as appropriate, and all P values reported are 2 sided. Statistical significance was

defined as P < .05.

patients in the CT-positive cohort (n = 25, 17% vs n = 160,
29.5%, P = .002). Significantly more patients in the
CT-positive group had the finding of wide pupils on both sides
(4.1% vs 1.1%, P = .025), myoclonus (8.2% vs 3.5%,
P = .023), and new paresis (8.8% vs 2.6%, P = .001), while
the finding of psychic alteration was significantly less in
CT-positive patients (1.4% vs 9.0%, P = .002).

One hundred fifty-eight (22.9%) patients underwent
contrast-enhanced CT scan without any difference between
both groups. The most common question to the radiologist was
for the diagnosis of a new ICB in 392 (56.8%) of all patients,
which led to a new pathological finding in significantly less
patients (n = 67, 45.6% vs n = 325, 59.9%, P = .003), while
the question for hypoxic brain damage in 102 (14.8%) patients
led to a new pathological finding in significantly more patients
(n=41,27.9% vs n = 61, 11.2%, P < .001; data not shown).
For detailed analysis, see Tables 1 and 2.

Acute Changes on Head CTs and the Clinical
Consequences

Five hundred forty-three (78.7%) of all patients had a negative
CT scan, while 147 (21.3%) had a new pathological finding.
The most common new finding was ICB of any kind (intracer-
ebral hemorrhage, subdural hemorrhage, and SAH) in 44
(29.9%) patients, followed by signs of hypoxic brain damage
in 30 (20.4%) patients and new ischemic stroke in 36 (24.5%)
patients. For detailed analysis, see Figure 2.

Several findings in the CT scans were old or incidental
findings such as residual defects (old infarction/bleeding) in
120 (17.4%) patients, with higher rates in the CT-positive
group (n = 42, 28.6% vs n = 78, 14.4%, P < .001), or signs
of microvasculatory changes/arteriosclerosis in 5.7% of all
patients. However, 477 (69.1%) patients showed no pathologi-
cal alterations of any kind.
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Figure 2. Bar chart with new pathological findings of the cerebral computed tomography (CT) scans as part of the whole patient cohort (black
bars, n = 690 patients) and the patients with a positive head CT (white bars, n = 147 patients).

In 460 (66.7%) patients, the CT scan had no obvious clinical
consequences, however, 80.5% (n = 437) were in the CT-
negative group, while only 15.6% (n = 23) were in the CT-
positive group (P < .001). In 46 (6.7%) patients, the CT scan
itself led to a change of therapy of any kind, 0.9% (n = 5) in the
CT-negative group and 27.9% (n = 41) in the CT-positive
group (P <.001); 2.3% of all patients (n = 16) were transferred
to another ward with significantly more patients in the CT-
positive group (n = 9, 6.1% vs n = 7, 1.3%, P = .002). Five
(3.4%) patients in the CT-positive group underwent direct sur-
gery. For 22.0% of all patients (n = 152), a second control CT
was planned due to the findings in the first CT. For detailed
analysis, see Table 2.

Diagnostic Yield of a Repeated Head CT

One hundred eight (15.7%) of all patients with a negative first
CT scan underwent a second CT during the ICU stay. Thirty-
six (33.3%) patients showed new pathological findings in a
second HCT. The second CT was done median 5 days (0-34)
after the first. The indications and neurologic abnormalities did
not differ significantly between the first and second CT scan
(data not shown). Most common new pathological finding was
hypoxic brain damage in 17 (15.7%) patients and ischemic
stroke in 8 (7.4%) patients. As a consequence, 27 (25.0%)
patients underwent another control CT, the therapy was chan-
ged for 15 (13.9%) patients, and 6 (5.6%) patients were trans-
ferred to another ward.

Fourteen of 17 patients with hypoxic brain damage diag-
nosed in the second HCT (median day 4, range 2-8) were
admitted postresuscitation with negative findings in an early
HCT (day 0-1). For detailed analysis, see Table 3.

Risk Factors Associated With Acute Pathological Findings
on Head CT

We aimed at finding risk factors associated with new patholo-
gical findings in head CT scans. Therefore, we first conducted
an univariate analysis including all factors which probably
could influence the variable positive head CT such as age,
gender, the admission diagnosis, anticoagulation, and neurolo-
gic abnormalities. In univariate analysis, we could identify
several factors increasing the odds of a positive head CT as
admission after resuscitation (odds ratio [OR]: 2.56, 1.74-3.76,
P < .001) or admission with unidentified neurologic abnorm-
alities (OR: 2.18, 1.10-4.31, P = .025), intubation (OR: 2.32,
1.56-3.47, P <.001), circulatory support (OR: 1.66, 1.14-2.41,
P = .008), or manifest neurological deficits as, for example,
new paresis (OR: 3.67, 1.68-7.98, P = .001). However, other
factors in this cohort seem to come along with a decreased risk
of a positive head CT as there are the admission with pulmon-
ary failure (OR: 0.51, 0.29-0.89, P = .018) or sepsis (OR:
0.38, 0.18-0.80, P = .011) or the neurologic abnormalities
such as psychic alteration (OR: 0.14, 0.03-0.58) and AMS
(OR: 0.5, 0.31-0.79, P = .003). After inclusion of all the
factors in a multivariate model, 5 independent predictors for
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Table 3. Results of Second CT Scans.?
Parameter First Negative CT Results Second CT Results P Value
Epidemiology
Patients, n 108 -
Sex, male/female (%) 69/39 (63.9/36.1) -
Age, median, range 65 (19-87) -
Positive CT scan, n (%) 0 (0.0 36 (33.3)
Days from admission to CT, median, range 1 (0-21) 8 (0-36)
Days first CT to second CT, median, range - 5 (0-34)
Indication for CT, n (%)
Inadequate wake up 13 (12.0) 35 (32.4) <.001
Seizure 10 (9.3) 8 (7.4) .806
Focal neurology 20 (18.5) 27 (25.0) 323
Resuscitation/hypoxia 19 (17.6) 2(1.9) <.001
AMS 26 (24.1) 25 (23.1) 1.0
Others 20 (18.6) 11 (10.3) 437
Neurologic deficit, n (%)
None 3(2.8) I (0.9) .622
Anisocoria 17 (15.7) 18 (16.7) 1.0
Unconsciousness 28 (25.9) 24 (22.2) 633
Seizure 7 (6.5) 7 (6.5) 1.0
Myoclonus 4 (3.7) 9(83) 252
Psychic alteration 7 (6.5) 6 (5.6) 1.0
Vigilance 29 (26.9) 29 (26.9) 1.0
Others 13 (12.1) 14 (13.0) 1.0
New findings, n (%) 36 (33.3)
None - 72 (66.7)
Extra-axial bleeding - 1 (0.9)
Brain edema - 4 (3.7)
Hydrocephalus - 1 (0.9)
Hypoxic brain damage - 17 (15.7)
ICB/SAB - 5 (4.6)
Ischemic stroke - 8(74)
Consequences, n (%)
None 54 (50.0) 59 (54.6) .586
Control CT 53 (49.1) 27 (25.0) .004
Change of therapy 1 (0.9) 15 (13.9) <.001
Transfer to another ward 0 (0.0) 6 (5.6) .03
Others 0 (0.0 I (0.9) 1.0

Abbreviations: CT, computed tomography; Gl, gastrointestinal; ICB, intracerebral bleeding; ICU, intensive care unit; SAB, subarachnoid hemorrhage.
Variables are expressed as median and range or as numbers and proportions, as appropriate. All P values reported are 2 sided. Statistical significance was defined

as P < .05.

a positive CT scan remained, the admission after resuscitation
(OR: 2.71, 1.78-4.13, P < .001) and the admission with neu-
rologic abnormalities (OR: 3.21, 1.57-6.60, P = .001),
furthermore, the diagnosis of a new paresis (OR: 4.12, 1.82-
9.32, P = .001).

Psychic alteration and AMS were both independent predic-
tors of a reduced risk of positive head CT (OR: 0.18, 0.04-0.77,
P = .021 and 0.55, 0.34-0.9, P = .016, respectively). For
detailed analysis, see Table 4.

Factors Associated With Decreased Survival in Patients
Undergoing CT Scan of the Head

For the evaluation of factors predicting decreased survival in
this selected cohort, we evaluated the 30-day mortality after the
first HCT scan. During the given time frame, 256 (37.1%)

patients died. While 31.6% (n = 81) had a positive CT scan
in the nonsurvivor group, only 15.2% (n = 66) could be iden-
tified in the survivor group. Significantly more patients with
the admission diagnosis of resuscitation were in the nonsurvi-
vor group (n = 97, 37.6% vs n = 82, 18.9%, P < .001), while
more patients with cardiac failure were in the survivor group
(n=284,19.4% vsn =23,9.0%, P<.001). To evaluate whether
a positive CT scan during MICU stay is an independent pre-
dictor of death, we again conducted uni- and multivariate Cox
regression. While several factors were associated with death in
univariate analysis, a positive CT scan remained an indepen-
dent predictor of death (hazard ratio [HR]: 2.05, 156-2.7,
P <.001) along with the admission diagnosis of gastroenter-
ological disease (HR: 2.16, 1.05-4.44, P = .037), resuscitation
(HR: 2.22, 1.69-2.94, P < .001), sepsis (HR: 1.55, 1.04-2.30,
P = .031), diagnosed tumor disease (HR: 1.35, 1.01-1.82,
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Table 4. Univariate and Multivariate Analyses for Patient Factors Significantly Associated With Positive CT Scan.?

Univariate Analysis

Multivariate Analysis

Parameter Odds Ratio 95% ClI P Value Odds Ratio 95% ClI P Value
Male gender 1.215 0.896-1.989 .156
Age > 65 1.078 0.748-1.552 .688
Admission with pulmonary failure 0.509 0.291-0.893 018
Admission with neurological abnormality 2.181 1.103-4.311 .025 3.214 1.565-6.603 .001
Admission after resuscitation 2.555 1.736-3.759 <.001 2714 1.783-4.130 <.001
Admission with sepsis 0.376 0.177-0.801 01l
Underlying gastroenterological disease 0.466 0.247-0.878 .018
Underlying cardiac disease 1.670 1.155-2.416 .006
Any anticoagulation 0.805 0.518-1.252 .805
Intubated patient 2.324 1.557-3.470 <.001
On circulatory support 1.657 1.138-2.413 .008
Unconsciousness 1.975 1.299-3.003 .00l
Myoclonia 2451 1.161-5.147 019
Paresis 3.666 1.683-7.984 .001 4.121 1.823-9.318 .001
Psychic alteration 0.139 0.033-0.579 .007 0.182 0.043-0.773 .021
AMS 0.497 0.313-0.788 .003 0.552 0.340-0.895 016
Anisocoria 1.363 0.858-2.164 .190
Seizure 1.119 0.546-2.291 759
Abbreviations: AMS, altered mental state; Cl, confidence interval; HR, hazard ratio.
All P values reported are 2 sided. Statistical significance was defined as P < .05.
Table 5. Univariate and Multivariate Analyses of Parameters Associated With 30-Day Survival Post-CT Scan.?

Univariate Analysis Multivariate Analysis
Parameter HR 95% ClI P Value HR 95% ClI P Value
Male, gender 1.177 0.902-1.536 230
Age > 65 1.178 0.922-1.505 191
Positive CT scan 2.209 1.697-2.876 <.001 2.054 1.564-2.699 <.001
Admission with gastroenterological disease 1.360 0.673-2.750 392 2.157 1.048-4.442 037
Admission with pulmonary failure 0.853 0.611-1.191 .350
Admission with neurological abnormality 1.935 0.957-3.913 .066
Admission after resuscitation 2.112 1.640-2.720 <.001 2.224 1.686-2.935 <.001
Admission with sepsis 0.920 0.635-1.332 .658 1.548 1.041-2.302 .031
Tumor disease 1.188 0.891-1.583 241 1.352 1.0051.818 .046
Chronic kidney insufficiency 1.303 0.986-1.721 .063 1.416 1.068-1.877 016
Hypoxic brain damage 3.147 2.047-4.837 <.001
Intracerebral bleeding/subarachnoid hemorrhage 2.046 1.354-3.092 .001
Ischemic stroke 2.002 1.281-3.130 .002

Abbreviations: Cl, confidence interval; CT, computed tomography; HR, hazard ratio.

2All P values reported are 2 sided. Statistical significance was defined as P < .05.

P = .046), and chronic kidney insufficiency (HR: 1.42,
1.07-1.88, P = .016) in this cohort. For detailed analysis, see
Tables 5 and 6.

Discussion

Data about the diagnostic yield of head CTs for patients treated
on MICU are scarce; to our knowledge, this is the largest study
so far evaluating HCTs from exclusively MICU patients.

In our study, 78.7% had negative CT results, while 21.3% of
all patients had at least 1 new pathological finding. The main

indication for acquiring CT scan of the head was an AMS in
23.5% of all patients. The most common new finding was ICB
in 6.4%. In 6.7%, the CT scan itself led to a change of therapy
of any kind in patients with positive HCT. Admission after
resuscitation or a new focal neurology were independent pre-
dictors of a positive CT, while psychic alteration and AMS
were both independent predictors of a higher chance of a neg-
ative head CT.

Neurological dysfunction is a common finding even in
nonneurological patients on MICU,** and especially delirium,
psychic alterations, and AMS may occur very frequently on
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Table 6. 30-Day Mortality After CT Scan of All Patients.?
Parameter Survivor Nonsurvivor P Value
Epidemiology
Patients, n (%) 434 (62.9) 256 (37.1)
Sex, male/female (%) 281/153 (64.7/35.3) 178/78 (69.5/30.5) 211
Age, median, range 64, 18-92 66, 18-92 132
Positive CT scan, n (%) 66 (15.2) 81 (31.6) <.001
New findings, n (%)
None 369 (85.0) 175 (68.4) <.001
Hypoxic brain damage 7 (1.6) 23 (9.0) <.001
ICB/SAH 19 (4.4) 25 (9.8) .006
Ischemic stroke 15 (3.5) 21 (8.2) 012
Tumor 3(0.7) 0 (0.0 299
Abscess 4 (0.9) | (0.4) .656
Extra-axial bleeding 6 (1.4) | (0.4) .268
Fracture 2 (0.5) | (0.4) 1.0
Brain edema 8 (1.8) 9 (3.5) .205
Hydrocephalus 1 (0.2) 0 (0.0) 1.0
Old findings, n (%)
None 303 (69.8) 174 (68.0) .61
Residual defect (infarct/bleeding) 68 (15.7) 52 (20.3) .145
Arteriosclerosis/microvasculatory 24 (5.5) 15 (5.9) .866
Cerebral atrophy 12 (2.8) 4 (1.6) 434
Others 25 (5.8) I (4.3) 480
Consequences, n (%)
None 309 (71.2) 151 (59.0) <.001
Control CT 95 (21.9) 57 (22.3) .924
Surgery 2 (0.5) 3(1.2) .366
Change of therapy 9 (2.1) 37 (14.5) <.001
Transfer to another ward 13 (3.0) 3(1.2) .189
Others 4 (0.9) 5 (2.0) .303

Abbreviations: CT, computed tomography; DOAC, direct oral anticoagulant; Gl, gastrointestinal; ICB, intracerebral bleeding; ICU, intensive care unit; SAB,

subarachnoid hemorrhage.

*Variables are expressed as median and range or as numbers and proportions, as appropriate. All P values reported are 2 sided. Statistical significance was defined

as P < .05.

MICU.?*® In 2000, Rafanan et al conducted a study compa-
rable to ours reviewing 230 MICU patients undergoing HCT
being 21% of all patients. Most of the HCTs were done due to
AMS (88%). Thirty-seven percent of all HCTs showed a pos-
itive finding. A new neurological deficit was identified as
the only independent risk factor for a positive CT, however,
the authors concluded that there is no reliable predictor for the
clinician.?® Salerno and colleagues identified 123 (16.6%)
patients with HCT during a 2-year period. Twenty-six
(21.1%) patients showed a new pathological finding, but these
patients were preselected for neurological abnormalities. The
most common pathological finding was an ischemic stroke
(49%) comparable to the study from Rafanan and colleagues.
Patients with positive HCT had more comorbidities and more
often had vasopressors as a medication, but a predictive risk
factor could not be identified. Another study evaluated 42
patients who remained unresponsive after cessation of sedation
for 48 hours without any known neurological disease.'® Inter-
estingly, only 1 patient was diagnosed with a small SAH, all
other HCTs were nondiagnostical, 60% had a normal HCT, and
the rest were incidental findings not explaining the patients’
clinic. The authors concluded that HCT in these patients is of

low yield as it did not change the therapeutic strategies and
90% regained consciousness later on.

In 2012, Purmer et al prospectively evaluated head CT scans
on 2 mixed ICUs including neurosurgical patients. Only 72
medical patients were included, with 39% positive HCTs com-
pared to 57% in surgical patients. The main reason for HCT
was to exclude cerebral hemorrhage in more than 50% of all
patients, however, was diagnosed in only 2 patients. In 57% of
all patients, the CT did not lead to any treatment change.'® In
2014, Khan et al conducted a retrospective study from 3 ICUs
(surgical and medical) and evaluated 706 patients: 17.2% had a
focal neurology, 11.0% a seizure, and 70.5% an AMS; 12.1%
showed acute changes on HCT. The highest rate of positive
scans was among patients with neurologic deficits (30%) but
was low in AMS patients (7.4%). Interestingly, sepsis
decreased the odds for a positive head CT, comparable to our
results.?” Patients postresuscitation and with severe liver dis-
ease were excluded in this study.

Most of these data are comparable to ours, and the rate of
around 20% positive CTs in the given cohorts does not seem
to differ by a wide range. Like in our study, a new focal
neurology seems to be a very good predictor for a positive
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CT, while especially an AMS seems to be a bad predictor for
positive HCT.

Some admission diagnoses seem to come along with a
higher chance of a positive CT, others tend to yield a very low
rate. Interestingly, in patients with a gastroenterological admis-
sion diagnosis (GI bleeding), there were significantly more
patients with negative CT scans than positive. Often patients
with severe liver disease present with AMS and coagulopathy
or thrombocytopathy at the same time, both factors increasing
the physician’s sensitivity for performing HCT. Rahimi and
Rockey analyzed patients with cirrhosis and AMS undergoing
HCT. More than two-third underwent HCT and no pathological
findings were diagnosed, while all patients with a new patho-
logical finding had a distinct focal neurology at the same
time.?’ The idea that patients with cirrhosis are at an increased
risk of ICB cannot be hold up as well, for example, Lai et al
found nearly the same risk in cirrhotic and noncirrhotic patients
during a long-time follow-up,*® which is comparable to other
publications.*® Furthermore, CT scans in our cohort tended to
yield significantly less positive findings in patients with pul-
monary failure and sepsis probably pointing out a CT overuse
in these patients. It is well established that severe illness like
pneumonia and especially sepsis can cause mental alterations
of any kind. Sepsis-associated encephalopathy can cause
alterations of consciousness, ranging from delirium to coma,
seizure, or focal neurological signs, however, pathological
findings in HCT scans will be quite rare and magnetic reso-
nance imaging is considered the best option when imaging
analysis is warranted in these patients.’®>!

In our cohort, we could not identify anticoagulants or
impaired coagulation as a risk factor for a positive HCT.
Patients are preselected for MICU, however, patients with
intracerebral hemorrhage, including those caused by
anticoagulation, may mainly be admitted to neurological/
neurosurgical care. Furthermore, the risks of anticoagulants
(phenprocoumon and direct oral anticoagulants) for bleeding
complications are well known and quite low; therefore,
patient number may not be high enough.>*** Thrombocyto-
penia by any cause is known to be an independent risk factor
for bleeding, however, is a very rare event, for example, for
immune thrombocytopenia (ITP) at around 1% for chronic
ITP patients with very low platelets.***>

Resuscitation was an independent risk factor for a positive
CT in this cohort. The role of postresuscitation HCT is still not
clear, and it can be useful early after resuscitation for diagnosis
of the cause for cardiac arrest and later for adding information
to prognosis of the patient.>*>” In our cohort, we identified 9
patients with SAH as cause of cardiac arrest who were only
diagnosed because of an early HCT. Furthermore, 14 patients
with no pathologies in the first HCT showed hypoxic brain
damage during a later one. The right time point of HCT in these
patients depends on the indication, and studies on this topic are
scarce.***% Out-of-hospital cardiac arrest due to cerebrovascu-
lar events is not a rare event, for example, in 1 study, SAH was
the cause in up to 2% in an unselected cohort.*' Furthermore,
even cardiac arrest caused by cerebral hemorrhage often comes

along with abnormalities in electrocardiogram or even ultra-
sound of the heart.*? Signs of ischemic brain damage in CT can
occur quite early, however, are not sufficient for prognosis at
this time point.*®***° Current American Heart Association
guidelines suggest a HCT for acquiring a prognosis of the
patient not earlier than 24 hours.*® Cardiac arrest caused by
different kinds of brain damage is not an uncommon event and
therapy would be changed completely for these patients, early
HCT after hospital admission should be considered for every
single patient. 22.9% of all HCTs were carried out with contrast
agent enhancement, mostly for specific questions (HIV patients
with suspected toxoplasmosis, central nervous system lym-
phoma), however, no difference in both groups was detected.
Two patients had an allergic reaction, therefore, the use of
contrast agents in HCT should be evaluated carefully and dis-
cussed with the radiologist before.

A review of the literature about intrahospital transport
showed that diagnostic procedures acquired via transport lead
to a change in patient management in 40% to 50%.* This is
comparable to our findings, where overall 66.7% of all patients
after HCT did not undergo any direct change of treatment. A
positive CT scan let so a significant change in 37.4% of patients
and a control CT in 43.5%. The rate of complications during
transport in our cohort was very low with 4 (0.6%) patients.
This is even very low compared to published data,® however,
we only included severe complications, none of it was fatal. So
the risk of transport, at least in our cohort, seems neglectable.

Several limitations have to be addressed. As this is a retro-
spective study, all data were drawn from patient’s files, which
could have led to missed or incomplete information; further-
more, not every patient underwent HCT, which could lead to
confounding by the indications. All patients were treated at a
single tertiary center, therefore, could not represent nationwide
practice and transferability to other ICUs. The severity of the
abnormalities found on HCTs was not specifically addressed.
As we included patients after successful resuscitation and these
patients tend to have a bad survival rate and higher probability
to find pathological changes in HCT, this may be a bias.

Conclusions

Taken together we could show that HCT in patients with AMS
or psychic alterations is of quite low diagnostic yield. Espe-
cially in patients with sepsis with AMS, CT scans of the head
seem to be overused. Furthermore, deteriorated coagulation,
even in patients with severe liver disease, seems not to be such
a strong risk factor for intracerebral pathologies as often
assumed by clinicians. Computed tomography scans directly
after successful resuscitation should be evaluated for every
single patient and any new neurological deterioration should
be further investigated by HCT.
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